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facts that no methoxyl or A-methyl group has been shown to occur in proteins 
no other compound containing a methylthiol or similar group has been isolated 
and lastly that the ammo-acids other than methionine do not liberate volatile 
iodide when treated with hydriodic acid. Such determinations together with 
tiiose of sulphydryl and disulphide sulphur have enabled Baernstein [1932 91 
to account for the total sulphur in a large number of proteins, though keratins 
were not studied. In many instances the methionine content is high and with 
casemogen methionine-sulphur accounts for 84 % of the total sulphur The 
validity of the assumption that methionine is the sole source of volatile iodide 
may be questionable, but such determinations are not without significance in 
that they appear to give at least an upper limit for methionine content. 

A series of determinations of methionine on various types of wool was made 
a detailed account of the modifications found necessary being given below. 

Table I. 


Welsh Mountain S. 64 

Welsh Mountain Kemp 

Bomney Corriedale 

Camel Hair 

Scotch Blackface (fine) 

Scotch Blackface (coarse) 

Alpaca 

Mohair 

Lincoln 

Western Australian 
New Zealand 


Quality* 
58 s 

Very coarse 
36s 
80s 
56s 

Very coarse 
60s 
36s 
36s 
70s 


Total sulphur 

Methionine 

% of total 
sulphur as 

on dry wt. 

on dry wt. 

methionine - 

% 

0/ 

.0 

sulphur 

3*97f 

0*44 

2*4 

3*29 

0*64 

4*1 

2*96f 

0*66 

4*8 

3*37 

0*67 

4*3 

3*2 

3*73 

0*57 

3*10 

0*51 

3*4 

3*2 

3*68 

0*54 

3*20 

0*63 

4*3 

3*46 

0*50 

3*0 

3*73 

0-55 

3*2 

3*40 

0*50 

3*2 


36s 

-ssKtTfitz'is: sirsr* x? 

f 

Experimental. 

Preparation of samples. The wool samples were removed from the fleece in 

at60° Smth narKfT* ^ deg f + eaSed by Washing “ three baths of benzene 
at 60 . Small particles of foreign matter were removed by band-sorting and the 

wcmls given a final treatment with benzene. The samples were dried at room 

temperature and well washed in six changes of distilled water, air-dried and 

allowed to attain a uniform moisture content. Samples for methionine, sulphur 

and moisture content determinations were weighed off. The dry weights of 

“ dl y dual S , am P les we f stained by reference to determinations of moisture 
tent made on samples taken at the beginning and end of the sampling The 
moisture determination on the reference sample was carried out by P passino- a 
stream of dry air through the wool contained in a special bottle, maintaSat 
106 m an electrically heated oven, the procedure being fully described in an 
earlier paper [Barritt and King, 1926] y aescilDea m an 

duetSZS rfq’S ?"•. “■“?* ™. substantially that 

[13 , 2 ’- 1] th ° ugt Wlth wooi min or modifications were necessary 
Using a single washing-tube containing cadmium sulphate and a suspension 
of red phosphorus, it was found that a little hydrogen sulphide escaped and 
passed over into the alcoholic silver nitrate. This difficulty probably arises 
because of the very high cystine content of the wool-keratin Ld was overcome 
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by inserting a small tube containing glass wool or paper pulp moistened with 
cadmium sulphate solution between the washing-tube and the first silver nitrate 
tube. As a further check on the efficiency of the removal of hydrogen sulphide, 
a cadmium sulphate test-paper was inserted immediately before the first silver 
nitrate tube ; if any signs of yellowing of the paper occurred, the experiment 
was abandoned. 

In order to prevent the boiling hydriodic acid sucking up the side-tube and 
into the sulphuric acid wash-bottle, a bulb 2-3 cm. in diameter was blown on 
the side-tube ; it was found to be quite effective. The duration of the run was 
7-8 hours, this being sufficient in the case of wool-keratin. 

Alcoholic silver nitrate (10 ml. of the order of Nj 10) was distributed between 
the two absorption- tubes. At the end of the run the tubes were washed out 
into a small beaker and the liquid evaporated on the steam-bath to about 
10 ml. and made up to 50 ml. The contents of the flask were filtered through 
a dry paper and 20 ml. aliquots titrated with potassium thiocyanate (order of 
N/5 0), 0*5 ml. ferric alum indicator being added. The amount of volatile iodide 
was readily obtained from these data. 

The blank on the apparatus was calculated from the results of eight deter- 
minations on each wool, four using 0*5 g. and four using 1 g. samples, these 
being taken alternately. A typical run is shown in detail as follows: 

W elsh Mountain Wool. Sheep S. 64. 

No. of exp. ... 1 2 3 4 5 6 7 8 

Wt, of wool taken (g.) 0*5867 1*0658 0*5154 0*9535 0*5342 0*9467 0*4770 1*0840 

ml. of 0*01933 ICON'S 1*40 1*91 1*28 1*97 1-21 1*76 1*15 1-99 

equivalent to Agl 

Moisture: 0*9698 g. of conditioned wool on drying out lost 0*1194 g. 

Combining the above results, the blank on the run corresponds to 0*55 ml. 
and the methionine content of the wool to 1*35 ml. KCNS per g., giving 0*44 % 
methionine on the dry weight of the wool. 

The value of the blank so obtained was found to agree well with values 
obtained when no wool was added. Although the blank is high in relation to 
the amount of KCNS corresponding to the methionine it is felt that the method 
employed is satisfactory in determining with reasonable accuracy the methyl 
iodide produced from wool-keratin. 

Determination of sulphur content of wool. This was determined either by the 
Carius method using samples of 0*5 g. [Barritt and King, 1926] or by the method 
of Benedict [1909] and Denis [1910]. 

Using the latter method a sample of 0*8 to 1 g. was hydrolysed for 2 to 
4 hours with 20 ml. 6 A hydrochloric acid, the hydrolysate being made up to 
50 ml. Aliquots of 20 ml. were taken and the determination then proceeded 
with as described by Rimington [1930]. This method is somewhat inaccurate 
owing to the fact that on hydrolysis, particularly in the early stages, small 
quantities of hydrogen sulphide are liberated. It is hoped to deal more fully 
with the determination of total sulphur 1 in keratins in a separate paper, but in 
view of the work of Gortner [1922], which shows that no appreciable decom- 
position of cystine occurs during the time necessary for a protein hydrolysis, 
it is suggested that this liberated hydrogen sulphide arises from the methionine 
or some unknown sulphur compound of wool-keratin. 
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Discussion. 

The results given in the above table for a fairly representative series of wools 
do not justify any rigorous correlation between the methionine content and the 
type of wool, as was possible with the total sulphur in wools, where it was shown 
[Barritt and King, 1926] that total sulphur is higher in the finer wools grown 
under similar conditions. The sample of camel hair is of interest in that only 
94 % of its total sulphur could be accounted for as cystine-sulphur [Rimington, 
1929, 2] but its methionine content is not abnormally high. 

The methionine content of the wools examined lies between 0*44 and 0*67 % 
of the dry weight, the methionine -sulphur varying from, 2*4 to 4*8 % of the 
total sulphur. This quantity of methionine-sulphur accounts for about 3-4 % 
of the total sulphur in wool and does not seriously affect the previous conclusion 
that sulphur in wool occurs almost wholly in the form of cystine, though the 
possibility of undiscovered sulphur-containing amino-acids must not be over- 
looked. A possible explanation for the somewhat high values recorded for 
cystine-sulphur in keratin using the Folin-Marenzi technique is afforded by the 
work of Butz and du Vigneaud [1932] on the hydrolysis of methionine. On 
hydrolysis with acids, especially sulphuric acid, methionine gives homocystine, 
the next higher homologue of cystine, which is reactive to the Folin-Marenzi 
reagent; thus it appears possible that some methionine- sulphur may have been 
returned as cystine-sulphur using the colorimetric method of Folin-Marenzi. 

The actual synthesis of wool-protein by the sheep is somewhat outside the 
scope of the present work, but it is interesting to note that the form in which 
the sulphur is obtained has been the subject of much speculation. Many calcu- 
lations have been made oi the necessary cystine content of herbage [Rimington 
and Bekker, 1932; Henrici, 1932; King, 1933; Woodman and Evans, 1932; 
Robertson, 1928] based on the assumption that cystine as such is essential for 
ultimate wool synthesis. These calculated values vary widely, some falling 
■within, others outside the values for cystine in grasses as determined bv Aitken 
[1930] and Evans [1931]. 

# determining cystine values obtained on a grass hydrolysate, the proba- 
bility of loss of cystine due to interaction with carbohydrate material must be 
considered, and recently Lugg [1933] has shown that considerable loss of cystine 
occurs when it is hydrolysed by hydrochloric acid in the presence of sucrose 
and glycine. Preliminary determinations (by the author) of cystine in straw 
and potatoes show very high values, using the Folin-Marenzi technique, but only 
small amounts with the Sullivan reagent, illustrating the difficulties which occur 
when cystine is directly determined in complex materials. 

Assuming a deficiency of cystine in the herbage, Rimington and Bekker 
[1932] have suggested that inorganic sulphur is elaborated by micro-organisms 
of the intestinal tract into bacterial protein which is then absorbed and is 
available for cystine synthesis, some support being given to this hypothesis bv 
the work of Voltz [1920]. 

The total organic sulphur in herbage [Aitken, 1930; Evans, 1931] is however 
well above the sulphur requirements of wool production, but its actual distri- 
bution is as yet undetermined, though the work of Miller and Chibnall [1932] 
suggests the presence of methionine. In view of the possible replacement of 
cystine by methionine in growth experiments [Weickselbaum et al, 1932* 
Jackson and Block, 1932], the suggestion of Jackson and Block, that cystine 
and methionine form a freely interconvertible system of which only one 
member is indispensable to a limited degree, and that an adequate supplement 
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of the other may suffice to provide a common metabolite of the two, is of. 
especial interest in a study of wool production, though their experimental data 
do not eliminate the possibility of alternative explanations. 

Summary. 

1. The methionine content of various wools has been determined. It is 
shown that the' amount present does not substantially affect previous work on 
the relation between total and cystine-sulphur in wool, which indicated that 
substantially all the sulphur in wool could be accounted for as cystine. 

2. The suggestion is made that methionine occurs widely in feeding stubs 
and grasses and may play an important role in the ultimate synthesis of wool- 
and hair-proteins. 

The author wishes to express his thanks to the Council of the Wool Industries 
Research Association for permission to publish this account, and to Prof. A. T. 
Kino 1 , formerly Head of the Chemistry Department, for the^ interest he has 
taken in the work. Throughout the course of the investigation, the author s 
assistant Mr F. F. Elsworth, has given valuable help. 
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II. INOSITOL METABOLISM IN THE 
MAMMALIAN HEART. 


By LEWIS BLAND WINTER. 

Fmm the Physiology Department, University of Manchester. 

{Received November 11th, 1933.) 

The significance of the occurrence of inositol in animal tissues is still unex- 
plained, and it is a matter of dispute whether inositol is metabolised by animals 
Rosenberger [1910] asserted that the inositol content of muscle was increased 
during autolysis but gave no figures. Needham [1923] compared the inositol 
contents of different tissues of a freshly killed rabbit and of one killed two days 
before: he remarks It is certainly interesting that the muscle from the freshly 
killed rabbit contained 50 % less inositol than that from the rabbit which had 

$ reCal I S Vi6W ° f Rosenber S er that tissues contain an 
lositogen, though his conclusions were drawn from the comparison of fresh 
rabbit muscle and commercial beef; tissues perhaps hardly comparable.” 

Boyland [1928] on the other hand, records, three experiments with prn’s 
heart and as a result suggests that inositol decreases during survival changes 

NeShlm 6 [ a i926] I * * * S . * Pre ° UrSOr ° f lactie ackL For a ^view of the literature see 

Experimental. 

Work on inositol has been hampered by lack of a convenient method for its 
estimation. Needham [1923] made use of acetone for extract^ of the tissues 
and piecipitated the inositol with basic lead acetate : the inositol was then thrown 

Bovland nST "S the ^ * tIie Precipitate was dteiSed 

° f Needham ’ 8 method ’ the modification 

I normal lead acetate: the inositol is precinitXTb^f ™ P , urRy is rem oved with 

I being freed from the lead enmn™?? ^ by basic lead acetate, and after 

I solution. After decomposition of fm>V S P reci P ltate . d by baryta in alcoholic 

/ reerystallised and weighed The fresh heart rm Precipitate the inositol is dried, 

j The « are hes* dleSlS * hr “ gk “‘- 
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•,y The animal is killed by severing the carotid arteries; the chest is immediately 
opened and the heart removed 1 . Excess of fat is removed with a few strokes 
of the knife, the heart is divided roughly into two, one-half is immediately 
weighed and then cut up over a- flask containing 10 % KOH at 100°; when all 
the pieces have been dropped into the potash a condenser is fitted and boiling 
is continued for the required period. The amount of KOH solution should be 
about 1 ml. for each gram of tissue. Meanwhile the other half of the heart is 
allowed to undergo survival changes, then the muscle is cut up into potash and 
the procedure is the same as for the first half. After the boiling with alkali is 
completed the fluid is made acid to litmus with glacial acetic acid, cooled to 
about 50°, and a rapid current of hjdrogen is passed through for an hour to 
remove hydrogen sulphide liberated by the action of the potash on sulphur com- 
pounds in the muscle. Half the volume of water is added, and after standing 
for a day in the cold chamber the fluid will filter clear. To the filtrate is added 
a saturated solution of normal lead acetate, 0-2 ml. per g. of muscle, and. a day 
is allowed for complete precipitation. 

After centrifuging (the precipitate being discarded without washing) ammonia 
is added to the clear fluid until further additions give no precipitate. The pre- 
cipitate is very bulky, but may be collected into two centrifuge-tubes of 25 ml. 
capacity if a very high speed machine such as the “Leune,” made by Messrs 
Hearson, is used. To the clear liquid lead acetate (0-2 ml. per g. of tissue) is 
added, followed by ammonia. The precipitate is collected in the same cups as 
the first. A further precipitation, using half the quantity of lead, is performed. 
The combined precipitate is twice washed very carefully with 75 % ethyl alcohol, 
and the cups with the precipitate are then dried in vacuo over sulphuric acid. 
The precipitate is then weighed and collected in one centrifuge- cup ; it is ground 
up with 2 N sulphuric acid and about 5 ml. of water until the mixture is acid 
to litmus. About 2 ml. of acid are required for each g. of the lead compound. 
The mixture is centrifuged and the liquid is measured and poured into a 100 ml. 
flask. The precipitate is stirred up with 5 ml. of water, and sufficient acid 
(about 0*3 ml.) is added to make the reaction acid. The process is repeated. To 
the combined extracts in the flask 3 volumes of strong alcohol are added. 
Precipitation takes several days. The fluid is centrifuged, and the precipitate 
is discarded without washing. An excess of 10 % baryta in methyl alcohol is 
added, and after 10 minutes the liquid is centrifuged and the precipitate washed 
with 75 % alcohol, and suspended in 100 ml. of 75 % alcohol in a tall cylinder. 
Care must be taken to obtain a uniform suspension, and this is best effected 
by first stirring up the precipitate with very small amounts of alcohol. The 
barium-inositol compound is decomposed by passing in a stream of C0 2 at 40° 
for 2 hours. Two days are allowed for precipitation of carbonate, the fluid is 
centrifuged and concentrated to dryness under reduced pressure. The residue 
is washed with dry methyl alcohol, taken up in 5 ml. water and allowed to 
evaporate slowly over sulphuric acid. Usually the inositol crystallises hut 
occasionally is left as a glass. Recrystallisation is effected by dissolving the 
solid in 2*5 ml. water and adding 20 ml. strong alcohol. After 2 weeks the 
crystals are washed with methyl alcohol, dried and -weighed. The melting-points 
of different preparations made in this way varied between 211 and 215°. Two 
preparations taken at random gave the following analytical figures (micro - 
analyses Schoeller) C 40*36, H 6*7 9 % ; C 40*44, H 6*75 %; C € H 12 0 6 requires 
C 40*00, H 6*66 %. 

1 Dr T. H. B. Bedford removed all the hearts, and I am grateful for the rapidity and skill 
which he showed in all these experiments. 
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«mtent de SSff ' r he \ her SU r vival chan ges in heart muscle affected the inositol 


Muscle killed immediately 
mg. inositol per 100 g. 

22* 3 
10*0 
30*2 
10*0 


Muscle after survival changes 
mg. inositol per 100 g. 

29*5 
40*0 
61*6 
23*7 




Boiled for 1 hour 

Boiled for 2 hours 

Boiled for 5 hours 




— V* JLJUIXXXlCWlCttt; 

mg. inositol per 100 g. 

7*8 
54*1 
9*2 
40*5 

43*9 
64*9 
120*0 
122*0 
79*0 
112*3 
147*0 


uiict-ii; 

mg. inositol per 100 g. 

8*3 
54*0 
79*3 
45*0 

68*3 
74 *5 
128*0 
166*0 
114*0 
122*0 
185*0 


iOO’U 

“ rj of tw 

to be formed than in the corresponding half LartTffY* 111 Ca f Se m ° re inosito1 
whether 5 hours’ boiling with 10 ^ immediately. To decide 

the combined” inositol, hearts w£S^ t0 liberate the ^ole of 

for 5 hours, the other for 12- each half was T° tW °- and 0116 haIf was boiled 
after weighing. ’ JidJf was t!lro ™ into potash immediately 

5 hours’ boiling «f> ■* , .. ... 

mg. inositol per 100 «• . llo ? rs boiling 

F iuu g. mg. inositol per 100 g. 

94*0 
34*4 
61*0 


108*3 

40*2 

61*7 

45*7 


« 59*5 

in 5 hours, within the™ mite 0 ™ e^Teiimental mw the potash is effected 
_arge. Four experiments were performer! in -r l ^ le 2ne ^ 10c l necessarily 

mg. inositol OAT* 1 AA r. 


mg. inositol per 100 g. 


108*8 

119*0 

68*7 

78*9 


101*2 

106*2 

53*0 

75*3 


Percentage 
error 
7*5 
12*1 
29*6 
4*8 


Average 

error 


±13 °/ 


/o 


S?5j«5s: ss t sssirtR h th“r cfe is »-« •#» 

” ™ di,ided i,,to “■'« *ppk 
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at once and boiled 30 minutes, B— killed at once and boiled 5 hours, C— incu- 
bated 90 minutes m nitrogen at 37° and boiled 5 hours. 


Muscle killed before survival changes 


A. Boiled •§• hour 


59*7 

12-8 

49*5 

83*0 


B. Boiled 5 hours 

rag. inositol per 100 g. tissue 

83*0 

18*6 

71*0 

112*0 


After survival changes 
C. Boiled 5 hours 


102*0 

36*8 

102*0 

141-0 


In individual hearts, the value of A is that of the “free” with a small amount 
of the combined inositol, for it must be assumed that boiling for even half 
an hour with potash liberates some inositol from combination: the difference 
between A and B gives the value for the “combined” inositol (too low for the 
reason already mentioned), and the difference between B and C is the amount 
of inositol produced during survival changes in the muscle; this will he referred 
to as the new-formed” inositol. All the above experiments were carried out 
with a minimum of ceh destruction. To obtain further light on the mechanism 
of production of the new-formed” inositol, it was desirable to determine 
whether moderate cell disintegration, as in mincing, interferes appreciably with 
the production of the “new-formed” inositol. The hearts were minced and 
divided into two nearly equal parts. One, after weighing, was placed at once 
m twice the usual volume of boiling potash (10 % in 0-9 % sodium chloride) 
and the other was incubated in 0-9% saline (1ml. for each g. tissue) for 
90 minutes at 3t m an atmosphere of nitrogen. At the end of this time 20 
potash in amount equal to the original volume of saline was added. Boiling 
was tor o hours in each case. 

Muscle killed immediately After survival changes 

mg. inositol per 100 g. tissue. 


60-0 

78*6 

87*6 

78*4 


69*5 

96*6 

95*0 

97*0 


It is evident that new formation of inositol has taken place. The possible 
effect of phosphate buffers of different pji was then tried. The hearts were minced 
and divided as nearly as possible into three equal parts. Column A refers to 
the tissue which was placed at once in 10 % potash. In column B are the 
figures for the tissue incubated for 1-| hours in buffer p H 5, in column C those 
for p H 8-0. All were boiled for 5 hours with the same volume and concentration 
of alkali. 

ABC 


72*0 

44*0 

58*7 

62*9 


mg. inositol per 100 g. tissue. 


66*0 

73*0 

61*6 

92*0 


66*0 

65*7 

71*5 

87*0 


In three of the experiments the yield of inositol was increased on incubation 
of the muscle, but there was no significant difference between the acid, and 
alkaline media. 
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In the following series of experiments a known amount of inositol was added 
to one half heart, and the whole extraction process was carried through to esti- 
mate how much of the substance is lost in the method of extraction and to obtain 
approximate figures for the free, combined, and “new-formed” inositol in the 
dog’s .heart. The average recovery was 73*2 % . 


mg. inositol 
added 

71-9 

76*0 

85*0 

79*2 


mg. inositol in each 
half heart 


28*4 

13*6 

16*2 

15*5 


80*0 

65*5 

78*6 

78*8 


Difference 

51*6 

51*9 

62*4 

63*2 


Percentage 

recovered 

71*8 

68*1 

78*5 

79*3 


Discussion. 

Though the experimental error of the method is considerable, it has the 
advantage of certainty that inositol is being estimated, and it seems safe to 
conclude that in the heart muscle of the dog the inositol is of three kinds. 
us y, that lying free in the muscle: it is difficult to say what proportion this 
.ears to the whole, for survival changes were occurring between the death of 
the animal and the killing of the muscle cells in the boiling potash, and there 
is also the hydrolytic action of the alkali to be considered during the 30 minutes’ 
oiling. It may be that there is no free inositol in muscle, and if steps were 
taken to reduce survival changes to a minimum, a very small value might be 
obtained. Secondly, the combined inositol, that which is liberated completely 
fitter o hours boiling with potash : the source of this is unknown. Thirdly the 
new-formed inositol, that which appears during survival changes in’ the 
muscle on incubation in an atmosphere of nitrogen: the possibilities are that 

whieh 1 |^ S1 + ed, r+ Ilbe n r 1 ated hy enzymic action from some combination 

^nsMe?ation. SP 7 g &lkaJL Tbese P roblems be left for further 

Summary. 

1. A method is described for the estimation of inositol in muscle 

h '"‘ 0f tle d0g ““ <“<»»*»■*<• by a. 

“ istence ° f 

H ' ^ f ” his “d advice 
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III. CHEMICAL PROPERTIES OF PUBERULIC 
ACID, C 8 H 6 O s , AND A YELLOW ACID, C 8 H 4 O s . 

By GEORGE BARGER and OTTO DORRER. 

From the Department of Medical Chemistry , 

University of Edinburgh, 

{Received November 13th , 1933.) 

The two acids formed from glucose by Penicillium puberulum Rainier and 
P. aurantio-virens Biourge were first isolated and investigated by Birkinshaw 
and Raistrick [1932]. Further investigations are recorded below. ' 

Puherulic acid C s H 6 O 0 . 

Improved isolation of puherulic acid. The starting material, which was kindly 
supplied by Prof. Raistrick, consisted of a mixture of puherulic acid and the 
yellow acid C 8 H 4 0 6 , This mixture had been obtained by crystallisation from 
methyl alcohol of the ethereal extract from the acidified nickel salts, as described 
by Birkinshaw and Raistrick [1932], and their method was followed in the 
preparation of well crystallised diacetylpubemlic acid. Dilution of the acetyla- 
tion mixture with glacial acetic acid has proved to he useful in order to minimise 
charring. Diacetylpubemlic acid in alcoholic solution gives with FeCl 3 first a 
reddish brown and then a green colour. Brief hydrolysis with hot aqueous 
ammonia (a much milder method than the boiling with N sodium., hydroxide 
used by Birkinshaw and Raistrick [1932]) yields analytically pure puherulic acid 
which may be recrystallised from water, and it is then obtained as small, practi- 
cally colourless prisms. One can thus dispense with the final purification by 
means of high vacuum sublimation, which is attended by such losses as to give 
yields of only 10-15 %, 

Diacetylpubemlic acid, triturated with a little w r ater, is mixed with a small 
amount of concentrated ammonia solution and heated for about 10 mins, on 
the water-bath in a flask loosely corked in order to avoid too rapid loss of 
ammonia. After cooling and acidification by hydrochloric acid, a fine crystalline 
powder separates which should not show any needles of the unchanged diacetyl 
compound under the microscope. Yield 90 %. (Found: C, 4840; H, 3-33 %. 
Calc. : C, 4847 ; H, 3*05 % .) Recrystallisation from w r ater must be carried out 
quickly; the substance is not very soluble in hot w’ater; m.p. 300-305° (decomp.). 
(Found for recrystallised product: C, 48*2; H, 346 %.) 

Decarboxylation of puherulic acid , Careful sublimation of puherulic acid at 
290-310° under atmospheric pressure yields a crystalline product which is ob- 
tained in uniform, thin, glittering leaflets when the sublimation is repeated 
several times. This sublimed product may be recrystallised from absolute alcohol, 
m.p. 233-235°; reddish brown colour reaction with FeCl 3 . (Found: C, 54*34; 
H, 4*37 %. C 7 H 6 0 4 requires: 0,’ 54*53; H, 3*93 %.) 
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The only benzenemonocarboxylic acid agreeing in formula and m.p. with 
dc car boxy lated puberulic acid is 3 : 5-dihydroxybenzoic or oc-resorcylic acid 
(m.p. 233°; no colour reaction with FeC! s ). Since the m.p. of the mixture showed 
a depression of 32°, these two acids are not identical. 

Further evidence against puberulic acid being a benzenedicarboxylic acid . Since 
puberulic acid gives a distinct fluorescence when fused with resorcinol and zinc 
chloride (at 130-140° in an oil-bath for 10 mins.), the possibility that it might 
be a benzenedicarboxylic acid was again considered, although BirMnshaw and 
Raistriek ? s negative findings seemed conclusive. As a series of experiments 
with various aliphatic and aromatic alcohols, mono- and di- carboxylic acids 
showed, and as Damm and Schreiner [1882] had stated, this fluorescence does 
not afford a definite proof of the presence of two carboxyl groups. It was 
possible, however, that we were not dealing with quite the same compound 
as BirMnshaw and Raistriek, in view of the different conditions of hydro- 
lysis. We therefore compared puberulic acid — -prepared by the new ammonia 
method — with 2 : 4-dihydroxybenzene- 1 : 3-dicarboxylic acid and with 4:6-di- 
hydroxybenzene-1 : 3-dicarboxylic acid. We are indebted to Prof. Raistriek 
for specimens of these acids, the only ones deserving consideration; they are 
distinct from puberulic acid, which cannot therefore be a benzenedicarboxylic 
acid. 

possibility of puberulic acid being a phenolic monocarboxylic acid . 
The alkaline hydrolysis of tetramethylpuberulic acid yields interesting in- 
formation. ' ! & 

Hydrolysis at room temperature. A solution of tetramethylpuberulic acid in 
a measured amount of N NaOH was allowed to stand for 5-6 min s at 21° and 
was then neutralised with N H 2 S0 4 . Long, pale yellow needles crystallised out, 
and after recrystallisation from water had m.p. 204° and gave no colour reaction 
with FeCl 3 . They consisted of a trimethylpuberulic acid. (Found: C, 54-81 * 
H, 5*25 %. C n H 12 O e requires: C, 54*98; H, 5*04 % .) 

Hot hydrolysis , by boiling tetramethylpuberulic acid with a m easured excess 
of xV NaOH for 1 hour in an atmosphere of N, showed the consumption of 
only one equivalent of alkali on back-titration with N H 2 S0 4 . The product 
readily crystallised from the neutralised solution and after recrystallisation from 
water formed pale yellow needles similar to those of the trimethyl derivative 
and melting at almost the same temperature, 203°. It contained only two 
methoxyl groups, gave a reddish brown colour reaction with FeOL and a m.p. 
depression of 25° when mixed with the trimethyl derivative. (Found* C 52*94* 
K, 4-6 1 %. C 10 H 0 6 requires: C, 53-08; H, 4-46 %.) The dimethylpuberulic 
acrd thus prepared is not identical with that described by Birkinshaw and 
Raistriek [1932]. 

i i f yP othetlcal substituted benzenemonocarboxylic acid with a tautomeric 
aldehyde group could explain these observations. However it was not possible 
to detect an aldehyde group. Attempts to isolate and characterise a Schiff’s 

i^^opkenylhydrazone or semicarbazone 
were unsuccessful. The Angek-Rimini test for aldehyde groups (reaction with 
benzenesulph-hydroxamic acid, followed by FeCl s ) was applied to puberulic 

resultT Since d r iTatlV6S ^ y ?? lded sometimes positive, sometimes negative 
resuhs Since, however, puberuhe acid and its derivatives can give with FeCL 

alone the deep coloration, which is characteristic of aldehyde 8 groups in the 
Angeh-Rimmi test, the results are not conclusive P 

WmIT* tr if d i° J“ trate the enolic nat ^e of puberulic acid, by applying 
Windaus s method of detecting a tautomeric aldehyde group. This method, first 
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applied by Windaus [1924] to colchicine, consists of oxidising the entire tauto- 
meric aldehyde group with iodine and potassium hydroxide. 


W 

0 


\qh 


H 1 
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L OH 


/ 

-0 

^0 


To 

KOH 


\ c ./' 


OH 


0—1 


With puberulic acid, however, the results were unsatisfactory, although, accord- 
ing to Windaus [1923], the method is generally applicable to o- and ^-hydroxv- 
aldehydes. Similar negative results were given by Dakin’s [1909] oxidation with 
alkaline H 2 0 2 . 

The stability of puberulic acid towards neutral perhydrol w T as very striking. 
When, after heating, oxidation finally took place, a complete breakdown to C0 2 
was the only detectable result. During the oxidation with chromic acid, com- 
plications arose from the formation of rather stable complex salts. 

The unsaturated character of puberulic acid is shown by a distinctly positive 
Baeyer’s test with permanganate solution as well as by a yellow coloration with 
tetramtromethane [Werner, 1909], and on the addition of bromine in alcoholic 
solution. The typical FeCl 3 reaction of puberulic acid disappears after bromina- 
tion. 

Catalytic hydrogenation of diacetylpuberulic acid (in stabilised glacial acetic 
acid with platinum oxide, according to Adams) showed a hydrogen uptake of 
about 0H 2 . The isolation of the oily products of hydrogenation was difficult, 
largely owing to the very small amounts of starting material we possessed. Free 
puberulic acid seemed to be much less suitable for catalytic reduction. Gradual 
hydrogenation with Pd and then Pt led to an uptake of hydrogen to an indeter- 
minate extent. More certain results were obtained from the hydrogenation of 
tetramethylpuberulic acid in stabilised glacial acetic acid with platinum oxide. 
The oily end-product gave the following analytical figures: C, 58*3, 58*44; 
H, 8*87, 8*67; 00H 3 , 35*0, 34-92 %. C 12 H 22 0 5 requires: C, 58*55; H, 8*94; 
30CH 3 , 37*8; 40CH 3 , 50-4 %. The figures for methoxyl deserve special atten- 
tion. They represent strong evidence for a removal of an oxygen- containing 
group apart from a mere addition of hydrogen. The equation 

c 12 h 14 o 6 +ioh c 12 h 22 o 5 +h 2 o 

must therefore include the disappearance of one methoxyl group without the 
loss of CH 3 . The theoretical explanation is rather difficult. 

The yellow acid C s H 4 0 6 . 

Attempts to transform one acid into the other have, up to now, been un- 
successful, and there is no experimental evidence for the supposition (suggested 
by the formula) that the yellow acid is a quinonoid body closely related to 
puberulic acid 1 . 

The yellow acid is not decarboxylated by the usual methods, nor can it be 
acetylated. Experiments for the preparation of methyl or ethyl esters yielded 
small amounts of crystalline products, but the analytical figures of these products 
did not fit with any value theoretically possible for esters of the yellow acid, 
although they fitted well with values for esters of puberulic add. It thus 

1 While this note was in the press Dr H. Hoyer has obtained such, evidence in my laboratory, 
G.B. 
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appeared that the yellow acid used had not been free from admixed puberulic 
acid. Purification of the yellow acid by re crystallisation was difficult. Only 
very few solvents, e.g. nitrobenzene or ethyl acetoacetate, were of any use. 

No typical aldehyde derivatives, such as Schiff \s base, phenylhydrazone or 
semiearbazone, could be isolated. Zinc dust distillation of the yellow product 
in ordinary air gave a yellow sublimate of apparently unchanged material. In 
an atmosphere of hydrogen however an oily substance (which later solidified) 
was obtained in minute yield. After purification, this product had a phenolic 
odour and gave a positive Baeyer’s test for double bonds but no distinct FeCl 3 
reaction; on exposure to air it became violet. 

Very interesting conditions were found on neutralising the yellow acid. The 
yellow colour of an aqueous solution of the acid passed into a deep pi nk on 
neutralisation, and all colour disappeared in an alkaline solution. Re-acidifica- 
tion produced the original yellow colour but without the pink intermediate 
colour. The latter appeared when this re -acidified solution was again neutralised. 
The play of colours was reproducible several times. A neutral pink solution, 
on the other hand, lost all pink colour on standing for about 30 mins, and 
became yellow, which colour disappeared eventually after a few hours, by which 
time the solution had become acid. These changes are shown diagrammatically 
below. 


neutral 


alkaline 


yellow 


colourle, 


30 mins. 


colourless 


(а) Puberulic acid. Summary. 

1. The method of isolation has been improved. 

2. The substance is a mono carboxylic acid and can be de 

3. Various methods have failed to reveal an aldehyde 

potential. * 

(б) Yellow acid . 

1. No aldehyde group could be demonstrated; no esters or 
were obtained. 
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2. On neutralisation the acid undergoes a curious series of colour changes, 
behaviour suggestive of a pseudo -acid. 

We are indebted to the Moray Fund of this University as well as to Geheimrat 
Duisberg of Leverkusen for financial help to one of us (0. D.). 
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!¥. FAT METABOLISM IN VITAMIN A 
DEFICIENCY: THE BLOOD-SERUM 
ESTERASE. 


By HARRY NORMAN GREEN. 

From the Department of Pharmacology , University, Sheffield. 

(. Received November 16th, 1933.) 

The blood-serum of all animals investigated contains no true fat-splitting enzyme 
but contains enzymes capable of hydrolysing in greater or less degree the esters 
of the lower fatty acids, of which the mono- and tri-butyrins have been the 
esters chiefly used in experimental work. 

Much knowledge has accumulated concerning the source, distribution and 
function of these esterases, but it is impossible to summarise it briefly for the 
conclusions reached are manifold and often contradictory. It has been suggested 
that they play a specific role in hydrolysing the lower fatty esters in the blood 
prior to their oxidation, but the esterases are widely distributed in all tissues, 
and therefore the most plausible hypothesis is that the serum esterases are 
derived from the blood and tissue cells, and as such have no specific function 
distinct from that of the tissue esterases generally. On this hypothesis variations 
in the serum esterase activity are an indication of variations in the esterase 
content of the tissues as a whole, or of the liver, which by its size and richness 
in esterase probably constitutes the main source of supply to the blood stream. 
The work of Kameo [1932], in which it was shown that X-ray irradiation of 
the liver caused a marked fall of the serum esterase content within 24 hours 
whereas direct irradiation of the blood had no effect, supports this theory. 
Observations on the tissue and serum esterases in the sarcoma-bearing rat 
[Green, 1934] also indicate a parallelism between the blood-serum esterase 
content and that of the liver, lung and kidney. 

The esterase content of the serum can be affected by many factors. An 
increase has been observed after feeding large amounts of fat [Abderhalden and 
Ifoiia, 1911 ; Greene and Summers, 1916], on a raw soy bean diet [Howarth 
and Chang, 1926], after starvation [Aguma, 1924] and after the injection of 
pilocarpine [Prewitt, 1925]. A decrease has been noted in conditions of severe 
intoxication with damage to cell metabolism [Faneoni, 1924; Caro 1920] in 

ri P m e ^ [S ^ ai5 J 914; Fanconi > 1924 1> in starvation where Greene and Summers 
1916] found a later rise above normal, and in the later stages of scurvy 
[Palladia and Normark, 1924]. Jobling and Bull [1912] found an increase in 
the serum esterase m immune haemolytic sera, whilst Bach [1922] found that it 
was independent of the type of food even when there was much fat in the diet. 

The following work was undertaken primarily to determine the effect of 
vitamin A deficiency on the serum esterase content and the relation between this 
latter factor and the spontaneous infections arising in this deficiency disease. 
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Experimental. 

The following method of estimating esterase activity was finally used after 
a trial of more complicated methods, since it proved efficient enough for the 
purpose' in hand, which was a purely comparative one. Duplicate, readings were 
reasonably close ( ± 2 %). 

To 20 nil. of if/80 phosphate buffer of p K 8-0 measured into a 100 ml. 
Erlenmeyer flask, 0*25 ml. phenolphthalein solution and 0-25 ml. of ester are 
added and the flask is brought to 37° by gentle heat; 0*5 ml. of blood-serum is 
then added and the flask incubated at 37° for 2 hours. The flask is then rapidly 
cooled and the contents are immediately titrated against NjlQQ NaOH until a 
pink tint appears matching that obtained with the blank control. The control 
flask contains no serum but is otherwise similar. In earlier experiments serum 
heated at 80° for 30 mins, to destroy the esterase was added to the control flask., 
but as this made an insignificant differen.ce it was discontinued. 

Continual shaking of the flask during the experimental, period is recom- 
mended by most workers. Since it was observed, however, that this procedure 
produced a slight but definite diminution, varying with the rate of shaking, in the 
rate of hydrolysis, in the present work the flasks were not shaken. No antiseptic 
was added, as it was found that significant bacterial contamination did not occur 
over the experimental period of 2 hours. 

The substrates used in the majority of experiments were ethyl butyrate and 
tributyrin. Similar results were obtained using ethyl acetate, phenyl acetate 
and triacetin as substrates, but as only a few determinations were made they 
are not reproduced. 

Most of the experiments were carried out using young white rats from which, 
blood was obtained by severing the vessels of the neck after previous stunning 
with a head blow. The blood -was immediately centrifuged and the serum used 
within a maximum period of 6 hours. Blood was obtained from dogs by bleeding 
from an ear vein. 

A standard basal diet [Green and Mellanby, 1928], deficient in vitamin A, 
was given to the experimental rats. The control rats received a supplement of 
some source of vitamin A, cod-liver oil (5 mg. daily), dried cabbage (0*5 g. daily) 
or carotene (0*02 mg. daily) being used. In some cases an ordinary stock diet 
was given but no significant differences in .the serum esterase contents of the 
control animals were found whatever the source of vitamin. A given. All rats 
received a supply of vitamin D in the form of “radiostol” (5 mg. daily). 

In all cases the degree of hydrolysis, under the defined conditions, is ex- 
pressed in terms of ml. N] 100 NaOH required to neutralise the fatty acid 
liberated. The amount of esterase in normal rat-serum appears to vary ’within 
fairly wide limits. In 61 young rats, reared on complete diets, figures for ethyl- 
butyrase varying from 41 to 18 were obtained. The upper range was exceptional 
and the lower range was more often reached, but hi the majority of cases values 
between 25 and 30 were obtained. The average figure for 30 control rats in the 
present series was 27*4 (Table II). Rats from the same family and from groups 
reared on the same diet and under similar conditions tended to give similar 
values. The serum content of tributyrinase appeared to be less variable ; 
10 control rats gave an average figure of 10*7 (Table II). It wall be noted that 
rat-serum hydrolyses ethyl butyrate about three times as rapidly as tributyrin, 
and ethyl butyrate was therefore the substrate of choice where the amount of 
serum available made the use of only one substrate possible. 
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Criteria of vitamin A deficiency . 

For the purpose of analysing the results it was necessary to formulate rough 
standards for the estimation of the degree of deficiency and infection in the 
vitamin A-deficient rat. The large individual variations which occur in rats on 
the same diet are well known ; some die shortly after the decline period has set 
in whilst many survive for 2-3 weeks, the survival time depending to a great 
extent on the maximum weight reached before the decline commences. Neither 
the degree of xerophthalmia nor the severity of infection nor the loss in weight 
from the maximum reached is an absolute indication of the degree of deficiency. 
A sudden rapid fall of weight with an early death may be associated with only 
mild infection though the animal presumably died from rapid exhaustion of its 
vitamin A reserves, whilst a gradual fall in weight may be associated with a 
more severe infection which has had time to develop to the stage of more obvious 
lesions. In the former case the rat may be killed shortly before impending death 
and therefore at the last stage of deficiency, and in the latter case the rat killed 
at the same time may be in a definitely earlier stage of deficiency. All three 
criteria of deficiency have therefore been used, but it is obvious that no such 
clinical method of assessment can be exact. The results have however been 
averaged over many determinations, and the groupings should be reasonably 
accurate. 

The criteria used for assessing the degrees of infection and deficiency are 
given below. 


Degree of 
infection 


+ + + 

Degree of 
vitamin A 
deficiency 

+ 

+ H- 
+ + + 

•+• + + •+• 


Criteria. 


Small tongue abscess and/or mild infection elsewhere (e.g. nasal sinuses) 

Large tongue abscess or other definitely infected focus (e.g, lung, genito- 
urinary tract) 

Multiple infected foci 


Very slight xerophthalmia and/or constant weight for about 7 days or 
slight fall in weight for a few clays 

Infection ( + ) and/or mild xerophthalmia and/or constant weight for about 
14 days or gradual fall for about 7 days 

Infection ( -f - 1 - ) and/or advanced xerophthalmia and/or weight falling 
gradually for about 14 days 

Infection ( + + + ) and/or very rapid loss in weight and/or very severe 
xerophthalmia (panophthalmitis) 


Results. 

In earlier experiments the amomit of hydrolysis in normal saline, instead 
of . buf!er solution, over a period of 18 hours was determined. The results ob- 
tained with 23 deficient and 17 control rats and 7 rats on a complete but quanti- 
tatively restricted diet were proportionately similar to those obtained in the 
later work and are not therefore given in detail. 

Typical experiment. The results of one typical experiment are given in 
I able I in order to show the general plan of the experiments from which the 
average results were derived. 
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Table I. Illustrative experiment. 

Serum, esterase 


'Ethyl 


Days on Degree of 

Degree of 

butyrate 

Tributyrin 


diet deficiency 

infection 

(ml. N / 100 NaOH) 

Weight curve 

I. Basal diet alone: 





27 None 

None 

30*0 

9-7 

Rising 

48 + 

None 

18*3 

8*0 

Rising very slowly 

55 + 

None 

19*8 

7*5 

Rising very slowly 

70 + + 

T” 

14*1 

5*4 

Plateau — 20 days 

59 + + 

+ 

9*5 

4*8 

Falling- — 10 days 

59 + + + 

+ + 

7*2 

3*9 

Falling- — 1.0 days 

59 + 4- + 4 

+ + 4 

2*5 

2*9 

Falling rapidly — 6 days 

II. Basal and cod-liver oil ( 

5 mg.). Food intake restricted. 


27 

_ 

30*2 

10*3 

Rising 

48 


30*8 

10*1 

Rising 

55 - 

_ 

22*1 

8*4 

Plateau— -7 days 

55 - 

4 

19*9 

7*2 

Falling slowly — 12 days 

70 

- 

24*5 

8*3 

Falling slowly — 30 days 

70 

- 

23-S 

8*5 

Falling rapidly — 10 days 

HI. Basal and excess cod-liver oil (3 ml.). 



27 

- 

47*9 

11*3 

Falling slowly — 14 days 

48 

- 

36*1 

10*8 

Rising slowly 

59 

- 

42*8 

10*6 

Rising slowly 

70 

- 

42*9 

11*2 

Rising slowly 

IV. Basal and excess olive oil (3 ml.) and cod-liver oil (5 mg.). 


27 

_ 

31*2 


Plateau — 6 days 

27 

_ 

28*4 


Slight fall — 4 clays 

48 

_ 

27*0 


Rising slowly 

70 

- 

26*8 

12*6 

Rising slowly 

V. Basal and ethyl butyrate (0*25-1*0 ml.) and cod-liver oil (5 mg.). 

27 

_ 

45*0 


Rising 

27 

4 

18*3 


Rising 

48 


19*4 

8*0 

Falling slowly 

70 

- 

26*7 

10*2 

Falling slowly 


Rats from the same family, of the same sex and of roughly similar weight 
were distributed as equally as possible in the different groups. In the experiment 
tabulated in Table I, 5 groups of rats received the following diets: 

I. The basal diet, deficient in vitamin A; intake unrestricted. 

II. The basal diet and cod-liver oil (5 mg. daily). Average amount of diet 
per rat restricted to average amount per rat consumed by rats of group I. 

III. The basal diet and a relatively large amount of cod-liver oil (3 ml. 
daily). Intake unrestricted. 

IV The basal diet and an amount of olive oil equivalent to the cod-liver 
oil given to group III (3 ml.). Cod-liver oil (5 mg. daily). Intake unrestricted. 

V. The basal diet and ethyl butyrate (0-25 ml. daily for 27 days, 0-5 ml. 
27-48th day and 1 ml. 48-7 0th day). Cod-liver oil (5 mg. daily). Intake un- 
restricted. 

The results of several experiments planned on similar lines have been 
averaged and the results in this one experiment are not therefore discussed 
further. They serve to indicate the type of individual variation in the seium 
esterase content met with in all experiments. ^ . . 

Average results. The results obtained in 47 rats at various stages oi vitamin A 
deficiency, in 30 which had received a complete diet and in 20 which had re- 
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ceived & complete diet "but restricted in amount to that consumed by the rats 
on the deficient diet, are summarised in Table II. 

Table II. Serum esterase content of rat-serum at progressive stages of 
vitamin A deficiency . Average results. 


Substrate 


Degree of 

No. of 

Ethyl 
butyrate 
(ml. N / 100 

No. of 

Tributyrin 
(ml. N/100 

Diet 

deficiency 

rats 

NaOH) 

rats 

NaOH) 

0 

0 

30 

27*4 

10 

10*7 

Complete. . No restriction 

20 

25*0 

7 

8*4 

of intake 

Complete. Intake restricted 

-*!** 

10 

20*4 

5 

7*5 

Basal 


10 

11*6 

5 

4*3 

Basal 

+ + + 

20 

7*3 

6 

4*1 

Basal 

+ + + + 

7 

2*5 

3 

2*9 

Basal 


It will be seen that there was a progressive fall in the serum esterase content 
of the rat on a diet deficient in vitamin A, which commenced at the time when 
the rat ceased to grow and reached a very low figure near the time of spontaneous 
death. The rats in the last stage of deficiency (+■+ + + ) were almost moribund, 
and, as it was considered probable that animals on the verge of death from any 
cause would give similar figures, only a few determinations were made. Ex- 
cluding this group, there was a fall in the serum esterase content from 274 to 7*3 
when the substrate was ethyl butyrate and from 10*7 to 4*1 with tributyrin. 
When loss of weight was produced by a quantitative restriction of a complete 
diet the average serum esterase content was only slightly below the normal. In 
this group individual results varied more widely from the normal than is usual. 
In some instances very low values were obtained but in such cases evidence of 
infection was always found, and these values were rejected in averaging the 
results. 

Evidence was obtained that the serum esterase content returns to normal 
if the vitamin A-deficient rat is given vitamin A. Small doses of cod-liver oil 
were given to 6 rats at the 2nd (+ H-) or 3rd ( + + -f ) stages of deficiency, and 
they were killed individually at intervals of one week. Except in one case the 
serum esterase content showed a progressive rise, the rat killed at 6 weeks 
giving a value within the normal range. The exception gave a low figure (10*5) 
at the 5th week and was found still to have infected foci. 

Vitamin A deficiency in dogs . 

In a much smaller series of dogs 1 it w r as found that vitamin A deficiency 
affected the serum esterase content in a similar mamier to that observed in rats. 

Table III. Serum esterase content in vitamin A-deficient dogs*, 

Average figures. 

Substrate 

f~ ,v ■ * 

No. of Ethyl butyrate Tributyrin 
dogs (ml. N/100 NaOH) 

8 6-5 23*5 

7 3*5 10*7 


Diet 

Basal and vitamin A 
Basal alone 


1 Prof. E. Mellanby kindly allowed me to obtain blood samples from Ms dogs. 
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As only a relatively few animals were investigated no attempt has been 
made to classify the degree of deficiency. When blood samples were taken all 
the deficient dogs showed nervous symptoms such as incoordination of gait; 
some had conjunctivitis but all were fairly active. The results are summarised 
in Table III and it will be noted that in the dog the tributyrinase content of 
the serum is much greater than that of ethyl butyrase. Vitamin A deficiency 
has obviously produced a marked fall in the serum esterase content. 

Effect of vitamin B deficiency . 

Though loss of weight alone did not appear to affect the serum esterase it 
was interesting to determine whether another vitamin deficiency disease would 
bring about similar changes to that observed in vitamin A deficiency. To this 
end rats were given a diet deficient in the vitamin B complex; a diet which 
consisted of the basal vitamin A-deficient diet was used from which the chief 
sources of the B vitamins (marmite and lemon juice) were omitted. Each rat 
was given cod-liver oil (10 mg. daily) as a source of vitamin A. On this diet 
growth ceased very rapidly, and decline in weight set in within a few days in 
rats weighing 70-100 g. The average serum esterase contents of two groups 
of rats in which loss of weight had occurred as a result of feeding this diet are 
given in Table IV. 

Table IV. Serum esterase content of vitamin B-deficient rats . 

Average results . 

Substrate 


Diet 

Basal + vitamin B 
Basal alone 
Basal -f vitamin B 
Basal alone 


Ethyl 

No. of butyrate Tributyrin 

rats (ml. N / 100 NaOH) 

7 32* 6 11*3 

12 27*8 11*1 

6 24-5 — 

7 2M — 


Weight curve 
Rising 

Falling— 4-10 days 


Rising 

Falling 


“10-21 days 


The basal diet was the vitamin B- deficient diet described in text. Vitamin B was given in 
the form of dried brewer’s yeast (1*0 g. daily). 

Under these conditions there was only a slight fall in the serum esterase 
content though the loss of weight was roughly similar to that observed in 
vitamin A-deficient rats at the 2nd (+ +) and 3rd (+ + +) stages of deficiency 
at which there was a decided fall in the serum esterase content. 

Effect of infection . 

In view of the frequency of infection in vitamin A deficiency as compared 
with other deficiency diseases the question arose as to how far the effects 
described could be due to infection itself apart from the fundamental metabolic 
disorder. The serum esterase content was therefore determined in a number of 
rats suffering from spontaneous infections or in others in which infection had 
been induced by inoculation with material derived from infected lesions in 
vitamin A-deficient rats. All these rats received ample vitamin A. The type of 
spontaneous infection usually observed was an acute enteritis which may occur 
in epidemic form in the rat, though their diet is complete. The results have 
been classified together, as the type or source of the infection did not appear to 
affect the response in the serum esterase content. It will be observed from the 
summarised results given in Table V that infection itself produces a distinct 
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fall in the serum esterase content, though the fall is not so pronounced as in 
the later stages of vitamin A deficiency. 

Table V. Effect of infection on serum esterase in rats on a complete diet 
{ethyl butyrate as substrate). 


Degree of 
infection 

0 

+ -f 
+ + + 


No. of 
rats 

8 

8 

5 


Seram esterase 
(ml. N/100 NaOH) 

26*2 

15*0 

9*9 


It is obvious therefore that infection is an important factor in producing 
the serum changes observed in vitamin A deficiency. An analysis of the lesions 
found in 47 rats at various stages of vitamin A deficiency (see Table II) showed, 
however, that 13 of these showed no macroscopic signs of infection, and yet 
the average figure for the serum esterase content was 13*9. It is possible that 
infection sufficient to affect the serum esterase level is present before definite 
localisation of infection occurs, but experience with experimental infections does 
not suggest that a mild infection would produce the degree of change actually 
observed. Moreover in some rats in which rapid loss of weight had occurred 
and in which only slight or no signs of infection -were present, a fall in the serum 
esterase content to very low levels was observed. It is therefore probable that 
the metabolic disturbance associated with vitamin A deficiency is responsible 
for the serum change, and that infection plays a secondary part in a greater or 
less degree. 

Effect of excess vitamin A . 

Since a deficiency of vitamin A produced a diminution of the serum esterase 
activity it was an obvious step to determine the effect of feeding relatively large 
amounts of vitamin A. Rats were therefore given the basal diet and amounts 
of cod-liver oil of 2 or 3 ml. daily. Control rats were given similar amounts of 
olive oil and a third group was given ethyl butyrate in an amount of 0*25 ml. 
gradually increased to 1 ml. daily. The results are summarised in Table VI. 

Table VI. The effect of supplementing a complete diet with relatively large amounts 
of cod-liver oil, olive oil or ethyl butyrate on the esterase content of rat-serum . 
Average results. 

Substrate 


No. of 

Ethyl 
butyrate 
(ml. A r /100 

No. of 

A 

Tributyrin 
(ml. N / 100 

rats 

NaOH) 

rats 

NaOH) 

10 

27*6 

5 

8*5 

8 

46*1 

3 

11*0 

6 

28*3 

— 


6 

27*4 

3 

9*1 


Supplement to complete diet 
None 

Cod-liver oil (2-3 ml. daily) 

Olive oil (3 ml. daily) 

Ethyl butyrate (0*25-1*0 ml. daily) 

Complete diet: basal vitamin A-deficient diet + cod-liver oil (5 mg. daily). 

In all of 10 rats given the large amount of cod-liver oil the capacity of the 
serum to hydrolyse ethyl butyrate has significantly increased. One such experi- 
ment is given in more detail in Table I and here it will be observed that there 
is little or no associated nse in the serum content of tributyrinase. The exact 
stage at which the increase occurs has not been determined; it was evidently 
at almost its maximum extent at the 27th day of feeding and even at the 
Uoth day no significant change from this level was observed. The highest figure 
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obtained under these feeding conditions was 59*6 and the lowest 36-1; the 
majority gave figures between 40 and 50. No rat in the olive oil group showed 
this effect; the serum esterase content remained at the normal level. Only one 
of six rats in the ethyl butyrate group showed a rise to above normal and. 
experiments now in progress show a tendency for a fall to occur under these 
conditions rather than a rise. 

The rise in the serum esterase content was also observed in a few adult rats 
which had received excessive amounts of cod-liver oil (progressively increased 
up to 50 % of the diet), but where a chronic lung infection had supervened 
there was actually a definite fall to below normal. 

No significant alteration in the serum esterase content was observed in 3 rats 
which received excessive doses of irradiated ergosterol (10,000 units daily) as a 
supplement to a normal diet for 3-5 weeks. 

The rise in the serum esterase content due to feeding relatively large doses 
of cod-liver oil was obviously not due to an increased fat intake since a similar 
dose of olive oil had no effect. It is not however certain as yet whether the 
effect is due to excessive amounts of vitamin A. Work is in progress to determine 
the effects of feeding very potent vitamin A concentrates and large doses of 
carotene as a possible method of deciding this point. 

The effect of adding vitamin A to serum in vitro has been determined, though 
a positive effect was not to be expected. Vitamin A and carotene emulsions, 
stable over the experimental period, were formed by adding one drop of an 
alcoholic solution of a very potent vitamin A concentrate or of a saturated 
alcoholic solution of carotene to the buffer mixture. A similar amount of alcohol 
was added to the control flasks. In three determinations using both normal 
serum and serum from vitamin A-deficient animals no increase hut a slight 
decrease was observed in the degree of hydrolysis of ethyl butyrate. Carotene 
was without effect in a similar number of experiments. 

Discussion. 

It has been shown that vitamin A deficiency brings about a pronounced fall 
in the esterase content of the blood-serum. It is obvious from previous work 
on the subject and from my own findings that such a fall is not a change peculiar 
to vitamin A deficiency; amongst other causes infection and, in the rat, inocu- 
lation with sarcoma tissue [Green, 1934], have been observed. There is some 
reason therefore for considering it a secondary change and one unlikely to throw 
direct light on the physiology of vitamin A. The fact however that a similar 
change does not occur, except in a very much less degree, in other conditions 
producing loss of weight (underfeeding, vitamin B deficiency), suggests that the 
change may have some significance in the pathological processes due to vitamin A 
deficiency. Infection probably plays a part as it certainly produces a fall in 
the serum esterase content both in animals and in man [Green, 1934], but it 
has already been indicated that this is not the primary cause. Several w r orkers 
have attempted to identify serum esterase with serum complement. There 
appears to be a parallelism between the contents of these two factors in the 
serum of different animals, according to Jobling and Bull [1913] hut Gordon 
and Wormall [1929] have shown that whilst the complement and esterase con- 
tents of the serum tend to run parallel there are occasional discrepancies, and 
they were able to show that there was a significant amount of esterase in serum 
which had been heated to the extent necessary to destroy all the complement. 
In view however of the quantitative association of these two factors it is 
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interesting to compare the present results with those obtained by Osborne [1931] 
on the serum complement of vitamin A- deficient rats. He found a tendency 
towards a lowered serum complement content in vitamin A deficiency in the 
rat, though it is not stated at what stage of the deficiency the observations were 
made. It is tentatively suggested that this fall may be responsible for the lowered 
resistance of the vitamin A-deficient rat to infection. If there is a quantitative 
relationship between the serum esterase and complement it seems possible that 
the decrease in complement may be the result rather than the cause of infection, 
for the present findings show that inoculated infection produces a very definite 
reduction in the serum esterase content. 

Future work may show that a fall in the serum esterase content occurs in 
many conditions in which there is a profound metabolic disturbance in the body 
cells. Until we Imow more in this connection and in regard to the function of 
the esterases in general, and the serum esterase in particular, it may be impossible 
to assess the real significance of the present findings. 

SUMMAEY. 

1 . Vitamin A deficiency in the rat produces a large and progressive decrease 
in the esterase content of the blood-serum. 

2. The infected rat on a complete diet also shows a considerable fall in the 
serum esterase content, but in rats which have lost weight on account of under- 
feeding or deficiency in the vitamin B complex, there is, on the average, only 
a very slight fall. 

3. Relatively large amounts of eod-liver oil in the diet produce a rise in the 
serum esterase content well above normal. 

4. The relation of these findings to infection in vitamin A deficiency is 

discussed. . 4 

My best thanks are due to Prof. E. Mellanby for his interest in this work. 
The author is in receipt of a personal grant from the Medical Research Council. 
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V. FAT METABOLISM IN VITAMIN A 
DEFICIENCY: THE UTILISATION OF 
FAT AND THE DESATURATION 
OF FAT IN THE LIVER. 

By HARRY NORMAN GREEN. 

From the Department of Pharmacology , University of Sheffield. 

(. Received November 16th , 1933.) 

The function of vitamin A in metabolism still remains obscure. Its close natural, 
association with the fats has led some workers to search for a possible relation, 
to fat metabolism, but so far little of significance has been found. The profound 
loss of body fat in the rat that has died from vitamin A deficiency is obvious 
on casual examination, and it has been demonstrated by quantitative methods 
[Amada, 1923; Rost, 1926]. An increase in the blood-fat during vitamin A 
deficiency was observed by Amada [1923] and Collazo and Bosch [1923]. This 
loss of body fat is not superficially different however from that seen in other 
deficiency syndromes or in other conditions producing rapid loss of weight, such 
as infection and starvation. Unless the rate at which the fat disappears differs 
essentially from that observed in animals losing a similar amount of weight 
from other causes it is unlikely to be of particular significance. A more detailed 
survey of this loss of body fat was made by Javillier et al. [1929], who found in 
the vitamin A-deficient animal a decrease in the lipoids of the skin, liver and 
muscle and an increase in those of the brain and bone, whilst the spleen, lung, 
kidney and heart were normal in this respect. There was a decrease in the 
cholesterol content of all organs except the skin. They produced no evidence 
that these changes were specific to vitamin A deficiency. 

The possibility that if vitamin A were intimately concerned with fat meta- 
bolism a large amount of fat in the diet might accelerate the onset of deficiency 
symptoms was explored by Drummond [1919], who found that in adult rats 
the addition of fat to the diet had no effect of this kind. It was shown that the 
adult rat on a vitamin A-deficient diet could absorb large quantities of fatty 
acids and effect their synthesis into fats over a period of 3 months. In view 
how T ever of the now well-known fact that the adult rat may possess sufficient 
reserves of vitamin A in its liver to maintain it for a year or more, these early 
experiments cannot be considered conclusive. 

The present -work was designed as a preliminary attempt to investigate fat 
metabolism in vitamin A deficiency. Three lines of enquiry were pursued. 
(1) Would a large increase in the fat content of the diet produce a more rapid 
utilisation of the vitamin A reserves of the body? (2) Does the loss of body fat 
in the vitamin A-deficient animal differ quantitatively from that due to loss of 
weight produced by a quantitative restriction of a complete diet? (3) Is the 
process of fatty acid desaturation in the liver, as indicated by its content of 
unsaturated fatty acids, of a different order from that observed in loss of 
body fat due to under-feeding or infection? 

The experimental results obtained in investigations covering all these points 
are now considered. 
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Experimental. 

Young albino rats, raised in this laboratory, were used, and for comparative 
groups rats of roughly similar weight and the same sex were included in equal 
numbers. 

Two diets were used, one a standard basal vitamin A- deficient diet [Green 
and Mellanby, 1928], used in this laboratory for some years, which contains 
roughly 8 % °f fat, the other a high fat diet, containing roughly 70 % of fat, 
with the following composition : 

59 * 0 % 

11*0 
18*5 
7*5 
4*0 


Vegetable margarine 
Olive oil 

Caseinogen 

Marmite 

Salt mixture 


The margarine was a high-class brand, consisting largely of a semi -hydrogenated vegetable 
fat with a small percentage of liquid vegetable oil. It was irradiated in a thin melted layer from 
a mercury vapour lamp at 8" distance for 12 hours with the idea of destroying any possible trace 
of vitamin A. The unsaponifiable fraction was negative to the SbCl 3 test for vitamin A. 

The olive oil was heated in a current of air at 120° for 6 hours. 

The caseinogen was heated in air at 120° for 36 hours. 

The McCollum salt mixture (185) was used. 

In order to avoid a possible partial deficiency of vitamin R all the rats on 
the high fat diet received an additional supply in the form of dried brewer’s 
yeast (0*5 g. daily). All rats used in this work received a supply of vitamin D 
in the form of “radiostol”, 3 drops weekly 1 . 

The crude fatty acid content of the body was determined, after removal of 
the liver and alimentary tract, by saponification with alcoholic potash, conversion 
of the soaps into free fatty acid by treatment with sulphuric acid and extraction 
with light petroleum. The petroleum solution was evaporated to dryness and 
the fatty acids weighed. 

The iodine value of the crude fatty acids of the liver was determined by the 
method of Wijs following hi detail the procedure described by Leathes [1913]. 

Survival time on the high fat diet. 

Rats given the high fat diet ran the typical course of animals deficient in 
vitamin A, developed xerophthalmia and at autopsy showed the typical infected 
lesions. The addition of vitamin A to this diet in the form of cod-liver oil 
(10 mg. daily) or dried cabbage (0*5 g. daily) allowed of normal growth and de- 
velopment in a control group of rats. A group of 15 young rats was given the 
high fat diet and a control group of 15 was given the standard basal diet. Rats 
dymg before the onset of deficiency symptoms were discarded in analysing the 
results which are summarised in Table I. 

Table I. Effect of a high fat diet , deficient in vitamin A, 
on the growth and survival time of the rat. 

Diet 

Basal 
High fat 

^ prolon 8 ed ^diation little vitamin D would remain in the 
margarine of the high fat diet. 


Fat content 
of diet 

Ho. of rats 

Average 
survival time 

Average maximum 
increase in wt. 

% 

in group 

days 

g- 

8 

12 

60 

69 

70 

11 

72 

33 
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The growth rate of the rats on the high fat diet was roughly only half that 
of the control group. Since it is possible that a slower rate of growth, resulted 
in a lessened demand for vitamin A, it becomes impossible to draw any absolute 
conclusion from the experiment. The high fat group survived for a slightly 
longer period, on the average, than the control group, which may quite possibly 
have been due to the slower rate of growth or less possibly to the fact that the 
hidi fat diet, though obviously very deficient in vitamin A, contained slightly 
more than the control basal diet. The experiment on these lines was not however 
continued further, for the preliminary result appeared to show quite clearly 
that an excessive amount of fat in the diet had not made excessive demands 
on the vitamin A reserves such as might be expected if vitamin A were directly 
related to the metabolism of the fatty acids. If such were not the case the 
survival time of the high fat group would presumably have been much less than 
that of the basal group, whereas it was slightly longer. 

Loss of body fat in vitamin A deficiency. 

Three groups of young rats were given the basal, low' fat diet. One group 
(Table II (1)) received vitamin A in the form of cod-liver oil (10 mg. daily) and 
the amount of diet eaten was not limited ; a second group (2) received a similar 
diet, but the amount ingested was restricted to the average amount consumed 
by a third group ((4), (5) and (6)) which received no vitamin A. Rats receiving 
vitamin A were killed at times corresponding with the spontaneous deaths of rats 
receiving the basal diet alone. A number of rats ((4) and (5)) in the third group 
(not receiving vitamin A) were killed during the earlier stages of deficiency 
symptoms. The remainder of this group were continued on the diet until death 
occurred. Two other groups of rats ((3) and (7)) were given the high fat diet, with 
or without the addition of vitamin A. The rats in the group receiving vitamin A 
were killed at times corresponding with the spontaneous deaths of the vitamin 

A-deficient group. . „ __ 

Estimations of the total body fat were made in all cases. The results are 

summarised in Table II. 

Table II. The effect of vitamin A deficiency compared with that of restriction 
of total food intake on the fat content of the rat. 


Remarks 

Killed when rats of group (6) died 

Food intake restricted to that of 
group (6). Killed when rats of 
group (6) died 

Killed when rats of group (7) died 

Killed at early stage of vitamin A 
deficiency 

Killed at later stage of deficiency— 
7 days later (on average) than 
group (4) 

Spontaneous death. Terminal stage 
of deficiency 

Spontaneous death. Terminal stage 
of deficiency 




Average 


Total 


No. of 

wt. at 


body 


rats in 

death 

Weight 

fat 

Diet 

group 


curve 

0/ 

/o 

+ vitamin A. 





(1) Basal 

9 

108 

Rising 

10-8 

(2) Basal 

9 

68 

Falling 

3-5 



rapidly 


(3) High fat 

6 

■ 125 

Rising 

17-2 

No vitamin A. 





(4) Basal 

8 

84 

Level 

9-0 

(5) Basal 

5 

79 

Falling 

7*0 



slowly 


(6) Basal 

9 

64 

Falling 

2*6 



rapidly 


(7) High fat 

6 

54 

Falling 

rapidly 

2*8 
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It will be noted that in the early stage of vitamin A deficiency (Table II (4)) 
there was a slight fall in the amount of body fat, and that this continued to 
fall gradually with the gradual loss in weight (5). With the rapid loss of weight 
which closely preceded death the loss of body fat was very rapid. It is to be 
noted however that this loss was not significantly greater than where the loss 
of body fat was due to a simple restriction in the amount of food eaten ( cf . (2) 
and (6)). 

As would be expected the rats receiving the high fat diet had more body fat 
than those of the group receiving the standard basal diet when, in each case, 
vitamin A was given (cf. (1) and (3)), but it is interesting to note that in the 
absence of vitamin A the total body fat reaches a similar low level in each 
group at the time of death (cf. (6) and (7)). There is not the slightest indication 
here of a failure of the animal, deficient in vitamin A, to utilise its available fat 
reserves to the fullest extent. Loss of weight whether produced by under- 
feeding or by vitamin A deficiency has resulted in a mobilisation and pre- 
sumably the oxidation of the greater part of the fat originally present in the 
body before the decline in weight set in. 

The iodine value of the liver fats in vitamin A deficiency . 

It seemed desirable to find whether the first stage of fat metabolism, that 
of desaturation in the liver, differed in the course of vitamin A deficiency from 
that observed in the underfed animal, where the iodine value of the liver fat 
rises as the amount of fat in the liver falls. To this end groups of rats similar 
to those of the preceding section were used with an additional group, receiving a 
complete diet, in which the amount of liver fat was reduced by artificial infection 
with a pathogenic strain of haemolytic streptococci or pathogenic organisms of 

Table III. The effect of vitamin A deficiency , underfeeding and artificial 
infection on the iodine value of the liver fatty acids. 

Liver 

(average values) 




No. of 


Fat 





rats 


con- 

Iodine 


Diet 

Degree and type 

in 

Weight 

tent 

value 


of infection 

group 

g* 

0/ 

/o 

of fat 

Remarks 

+ vitamin A. 

i 






(1) Basal 

None 

17 

6*3 

4-1 

131 

Killed when rats of group (7) 







died 

(2) Basal 

None 

8 

3-8 

2-7 

161 

Food intake restricted to 







that of group (7). Killed 
when rats of group (7) died 

(3) Basal 

Severe. Inocu- 
lated 

11 

4*0 

2-7 

169 

Spontaneous death 

(4) High 
fat 

None 

6 

.64 

7*7 

130 

Killed when rats of group (8) 
died 

No vitamin A. 







(5) Basal 

None macro- 

22 

4-3 

4*4 

124 

Killed at early stage of de- 

(6) Basal 

seopieally 





ficiency. Weight stationary 

Mild. Auto- 

10 

3-0 

3*9 

127 

Spontaneous death but only 

(7) Basal 

genous 





moderate loss of weight 

Severe. Auto- 

16 

2*6 

2*4 

160 

Spontaneous death. Rapid 

(8) High 
fat 

genous 





loss of weight 

Severe. Auto- 

6 

2-2 

3*0 

169 

Spontaneous death. Rapid 

genous 





loss of weight 


FAT METABOLISM IN VITAMIN A DEFICIENCY 


29 


the colon group. The iodine value of the liver fat was estimated in each rat. 
The results are summarised in Table III. 

It will be noted (Table III (5)) that in the very early stages of vitamin A 
deficiency there was no decrease in the percentage amount of liver fat ; in fact 
it was slightly higher than that of the control group ; the iodine value of the liver 
fat was, as would be expected, somewhat lower than that of the control group 
(cf. (1) and (5)). Group (6) consists of rats which died as a result of vitamin A 
deficiency, but death was preceded by only a moderate loss in weight, and the 
amount of liver fat was only slightly below the normal level. This group was 
particularly interesting, for the iodine value of the liver fat was practically 
the same as that of the controls (cf. (1) and (6)). On the other hand, when the 
amount of liver fat was much reduced as a result of vitamin A deficiency 
(group (7)), restriction of food intake (group (2)) or infection (group (3)), the 
iodine value of the fat rose to roughly the same level in each case. 

Group (4), which received the high fat diet and vitamin A, showed a much 
higher liver fat content than group (1), which received the standard basal diet 
and vitamin A. It is particularly to be noted that group (8), given the high, 
fat diet without vitamin A, showed a decrease hi the amount of liver fat to a 
level not much above that of group (7), though the amount of fat in the liver 
before the stage of vitamin A deficiency was reached -was, in the two groups, 
very different. 

It is clear from these results that the iodine value of the liver fat has risen as 
the amount of fat in the liver has fallen, a fact which Hartley and Mavrogordato 
[1908] first observed, and which was confirmed in human livers by Imrie [1914]. 
The later stages of vitamin A deficiency, underfeeding and severe infection have 
all produced a diminution in the amount of fat in the liver, which in effect involves 
the saturated more than the unsaturated fatty acids and thus results in a rise 
in the iodine value of the residual fatty acids. The effect of vitamin A deficiency, 
was, in this connection, no different from that when a diminution in the amount 
of liver fat was produced by other means. It would seem that the liver, devoid 
of vitamin A, is able to desaturate the fats presented to it, or otherwise it would 
be expected that fatty acids of a lower iodine value would be found in. it than 
is the case where a loss of fat occurs in the liver containing vitamin A. Removal 
of fat appears to proceed quite efficiently even when the diet is very rich, in fat, 
a fact which strongly suggests that vitamin A is not concerned with this process. 

Discussion. 

Though these findings throw no new light on the physiology of vitamin A, 
they assist, in conjunction with the findings of other workers, in excluding some 
of the more obvious features of fat metabolism from a probable association with 
vitamin A. Large quantities of fat can be absorbed in the absence of vitamin A 
from the diet, and mobilisation, desaturation in the liver and oxidation appa- 
rently proceed normally when the vitamin A reserves of the animal are exhausted. 

If it is conjectured that vitamin A is concerned with some aspect of fat 
metabolism it is probably not with that of the simple fatty acids but of the 
more complex lipins. Monaghan and Schmitt [1932] have suggested that vita- 
min A is concerned with phospholipin metabolism on the grounds of experiments 
in vitro in which it was shown that both the unsaponifiable fraction of cod-liver 
oil and carotene inhibit the oxidation of linoleic acid. Linoleic and other more 
highly unsaturated fatty acids are found chiefly in the phospholipins of the 
body, and the preliminary results of these workers suggest a large diminution 
in the phospholipin content of rats deficient in vitamin A. There is however no 
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indication in the present results (see Table III) that, as regards the liver, there 
is any significant difference in the content of unsaturated fatty acids between 
the vitamin A-deficient rat and the rat in which loss of fat has occurred from 
other causes in the presence of vitamin A. 

There is another discovery which originally suggested a possible connection 
between vitamin A and lipin metabolism. Meilanby [1926] found that in the 
vitamin A-deficient dog there was a widespread degeneration of nerve fibres 
which was readily shown by staining with agents fixed by free fat. He has 
suggested that this breakdown of the medullary sheath may be the primary 
lesion of vitamin A deficiency, the keratinisation of epithelium and infection 
being a secondary trophic change. The intimate structural relationship of the 
lipins to the nerve myelin sheath suggested to me that some alteration in their 
metabolism might be the factor leading to degeneration. It was later shown by 
Meilanby [1933], however, that this degeneration only affected the afferent 
nerves, whilst the efferent nerves w r ere left relatively intact, and it does not 
appear probable that if the lesion were due to a chemical change in the medullary 
sheath it would affect one physiological type of nerve only. It is perhaps not 
without significance however that the presence of carotene in the nerve fibre 
has been demonstrated [Monaghan and Schmitt, 1930-31]. These suggestions are 
obviously speculative, but they indicate the possibility that though vitamin A 
is probably not related to any of the simpler manifestations, it may yet prove 
to be related to some more obscure process of fat metabolism. 

Summary. 

1. No evidence was obtained that a diet very rich in fat accelerates the 
utilisation of vitamin A in the body. 

2. The diminution in the total crude fat of the whole body is not significantly 
different in the vitamin A-deficient rat from that in the rat on a complete diet 
whose food intake is restricted to that of the deficient animal. 

3. A rise in the iodine value of the fatty acids of the liver, coincident with 
a fall in the percentage amount of fat in the liver, occurs in the end stages of 
vitamin A deficiency. The rise is of a similar order to that observed where a 
similar loss of liver fat has been produced by a restriction of food intake or by 
infection. 

My best thanks are due to Prof. E. Meilanby and to Prof. J. B. Leathes for 
their interest in this work and to Dr L. Colebrook for supplying a strain of 
streptococcus pathogenic to rats. The author is in receipt of a personal grant 
from the Medical Research Council. 
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(I) It was shown in the first paper of this series [Verkade et at., 1933] that with 
two healthy subjects (V. and v. d. L.) considerable quantities of undecanedioic 
acid were excreted in the urine after administration of triundecylin. In the human 
organism the terminal methyl group of the undecoic acid, the component acid of 
triundecylin, is thus oxidised — and as we shall see later, very readily — to a 
carboxyl group. The term co-oxidation was introduced by us for this type of 

oxidation CHjj . ( ch 2 ) 9 . COOH -> HOOC . (CH,) 9 . COOH. 

The present communication deals with the question whether the administra- 
tion of chemically pure simple triglycerides of other, higher and lower, odd and 
even saturated fatty acids leads similarly to the excretion of the corresponding 
dicarboxylic acids and if so, to what extent. 

Influence of simultaneous administration of carbohydrate. 

(2) During our original experiments with triundecylin this formed part of a 
diet which was very poor in carbohydrate ; the subject V., e.g., then received 23 g. 
carbohydrate, 136 g. protein, 192 g. ordinary food fat and 100 g. triundecylin. 
In a continued study of the diaciduria (thus we term the phenomenon of excre- 
tion of dicarboxylic or dioic acids in the urine) produced by triundecylin we have 
discovered that addition of a liberal amount of carbohydrate to the diet leads 
with most people, among them also the subjects V. and v. d. L., to a pronounced 
rise of the dioic acid excretion. We have repeatedly taken advantage of this 
noteworthy and definitely important fact, which very probably points to a 
function of the liver in the processes here in question and which will be dis- 
cussed fully in a later communication, in the investigations which will be dealt 

with in this paper. . i 

Because of their general plan the simple experiments described m this paper 
can only serve for a preliminary orientation; we shall return to this later. For 
this reason also we have considered it superfluous to indicate in detail the 
composition of the diet administered and the distribution of it over the day for 
all the experiments. We have frequently regarded it as sufficient to mention only 
a few brief data on the point. 

Experimental. 

Tricasprylin. 

(3) The tricaprylin used was prepared in the way described elsewhere 
TVerkade et al., 1932] and refined in the way commonly employed technically. 
Caprylic (octoic) acid with a setting-point of 16 - 1 °, which was isolated from 
coconut fat via the ethyl ester, served as our starting-material. The setting- 
point of an earlier eaprylio acid specimen purified by us with the greatest 
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possible care, which had at that time to serve for precision measurements, lay- 
only a little higher, namely at 16*35°; Garner and Randall [ 1924 ] give the 
same setting-point for a similar product. The saponification number of the fat 
obtained was 357*3 (calculated 357*8) and the setting-point 9 * 45 °; we find the 
values 8-8*3° [Scheij, 1899], 9° [Jaeger, 1917 ] and 8 * 3 ° [Loskit, 1928 ] for the 
melting-point of tricaprylin in the literature. 

A diet which contained 100 g. tricaprylin as well as amongst other things a 
liberal amount of carbohydrate, was administered to the healthy subject V. 
The fat was taken mixed with coffee in portions of 20 g. at practically equal 
intervals in the course of 9 hours ; the carbohydrate was also distributed over 
this period in several portions. The urine of the subject was carefully collected 
from the time of partaking of the first portion of fat and indeed up to and 
including that passed immediately after rising on the next day ; on the basis of 
researches to be published later we knew that collection of the urine for a longer 
time was unnecessary. 

The collected urine was made strongly alkaline with K0H and then 
evaporated as far as possible, and the residue was heated for a considerable 
time on the water-bath. Hydrolysis of the hippuric acid present takes place 
as a result. The removal of this acid, which is relatively little soluble in cold 
water, facilitates the isolation in a pure state of the dicarboxylic acid sought, 
especially if — as, for example, in the isolation of sebacic acid discussed on p. 34 — 
extraction with benzene is not employed; hippuric acid is only very slightly 
soluble in boiling benzene. It is almost certain that compounds of dicarboxylic 
acids with glycine, glucuronic acid etc. if present would also be hydrolysed. The 
residue after evaporation was taken up in water, acidified with hydrochloric acid 
and continuously extracted with ether for a considerable time. The ethereal 
extract was filtered and the residue obtained after distilling off the ether was 
dried in vacuo. It was subsequently extracted several times with 50 ml. of 
boiling benzene. The mass of crystals gradually separating from the combined 
cold benzene solutions contains practically all the suberic acid present; this acid 
is indeed practically insoluble in cold benzene [Verkade and Coops, 1930, 2], 
The crystals were filtered off and taken up in hot water. The hot aqueous solution 
was treated with a small amount of adsorption charcoal and then filtered through 
a small glass filter. From this solution evaporated to about 15 ml. 0*18 g. of 
practically pure suberic acid (octaneclioic acid) separated out on standing in the 
ice-chest. The m.p. of this product was 139-141° ; the mixed m.p. with a specimen 
of suberic acid prepared in the usual way from castor oil [Verkade, 1927] and 
melting at 140-141° was 139-141°. 

0*1009 g. required 11*79 ml. 0*0974 N NaOH; equiv. wt. 87*9; calc. 87*06. 

Tricaprylin was the last triglyceride we examined. As appears from the 
table on p. 37 w r e had good reason to expect that only very small quantities 
of suberic acid would be excreted after administration of this substance [of. 
Verkade and van der Lee, 1933]. We therefore gave the subject v. d. L. — the 
latter generally shows the greatest tendency to diaciduria of all subjects who have 
been at our disposal — 100 g. of tricaprylin in a single portion together with 
160 g. of bread, 25 g. of sugar and 10 g. of butter shortly after rising. Our 
intention in doing this was naturally to flood the body with resorbed caprylic 
acid we shall not consider the question of the form in which this circulates in 
the blood — and thus to provoke accumulation of suberic acid in the blood and 
excretion thereof in the urine. The experiment with the subject V. described 
above has taught us later that this forced administration of tricaprylin was 
unnecessary. Diarrhoea occurred in the evening as was indeed not surprising; 
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investigation of the faeces showed, however, that by far the greater part of the 
fat administered had been resorbed. The urine was again collected up to the 
next morning while the subject was still fasting. 

In this experiment 0-12 g. of practically white suberic acid, M.r, 139-140°, 
was isolated from the urine; the mixed m.p. was also 139-140°. 

(Found: equiv. wt. 86-8, C 55*4, 55*5; H 7*7, 7*7%: calc, for C 8 H 14 0 4 : equiv, 
wt. 87*06; 0 55*14; H 8*11%.) 

Trinonylin . 

(4) The preparation and purification of the trinonylin employed has already 
been described elsewhere [Yerkade et al . , 1932]. The setting-point of this fat was 
8*7°, the saponification number 328*7 (calc. 328*5). 

To the subject v. d. L. a diet was administered which contained besides 
100 g, of trinonylin a liberal amount of carbohydrate in the form of bread and 
sugar. The fat was taken as such in portions of 20 g. at nearly equal intervals 
in the course of 10|- hours ; the carbohydrate was also taken in . portions a 
short time before the fat. The urine was again collected up to the following 
morning. 

The ethereal extract of the urine obtained in the way described on p. 32 and. 
dried in vacuo was extracted several times with 50 ml. of boiling benzene. The 
odd acids of the oxalic acid series, with the exception of the two lowest members, 
are readily soluble in boiling benzene and are thus rapidly extracted in this way 
even when present in somewhat larger quantities ; on the other hand they are very 
sparingly soluble in cold benzene ; azelaic acid, e.g. only to the extent of 9 mg. 
in 100 g. of benzene at 25° [Verkade and Coops, 1930, 2]. The mass of crystals 
separated from the combined ice-cold benzene solutions was filtered off at the 
pump and taken up in hot water. The hot aqueous solution was treated with 
some adsorption charcoal and concentrated to about 75 ml. On cooling 0*60 g. 
pure azelaic acid (nonanedioic acid) separated out. The m.p. of this product was 
104-105°; the mixed m.p. with a specimen of azelaic acid prepared in the usual 
way from castor oil [Yerkade, 1927] and melting at 106*5-107*5° was 105-106°. 
A further 0*05 g. of the same acid was obtained from the benzene and aqueous 
mother-liquors. Thus a total of 0*65 g. of azelaic acid could be isolated from the 
urine. 

(0*2020 g. required 20*53 ml. 0*1041 N NaOH: equiv. wt. 94*5; calc. 94*06.) 

A similar experiment was made with the subject V. The latter excreted 
0*35 g. of azelaic acid in the urine after taking 85 g. of trinonylin. 

(Found : C, 57*4, 57*6 ; H, 8*3, 8*4 % ; calc, for C 9 H 16 0 4 : C, 57*41 ; H, 8*56 % .) 

Tricaprin. 

(5) The tricaprin used was prepared in the manner described elsewhere and 
purified by recrystallisation from a mixture of alcohol and ether. Capric (decoic) 
acid setting at 31*35°, which was obtained from pure %-octylmalonie acid, served 
as starting material. The fat obtained set at 30*95°, thus below body-temperature, 
and was consequently applicable as such to the experiments in hand (see on the 
other hand sections (7) and (8)); the values 31*1° [Scheij, 1899; Jaeger, 1917] 
and 31*0° [Loskit, 1928] are given for the m.p. of tricaprin in the literature. The 
saponification number of the fat was 302*7 (calc. 303*4). 

The experiments were here carried out with the standard technique which 
we apply to other work and which will be discussed rather more fully in a later 
paper. 
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Shortly after rising 25 g. of tricaprin melted up in coffee together with a 
liberal amount of carbohydrate were administered to the sober, healthy 
subject Y. The urine was collected at intervals of 1-2 hours and the presence of 
sebacic acid was tested for in each portion by treating the urine with a con- 
centrated mineral acid, e.g. phosphoric acid; even with very small concentrations 
of sebacic acid the latter then separates out as micro- crystals in a characteristic, 
way. The collection of the urine was continued with the subject still fasting 
until two successive portions gave a negative reaction. 

The ethereal extract obtained in the manner described on p. 32 was extracted 
with boiling water, and the filtered aqueous solution was evaporated to about 
50 ml. ; on cooling practically pure sebacic acid (decanedioic acid) crystallised 
out. This acid weighed 0-55 g. and melted at 129*5-130*5°; the mixed m.p. with 
a specimen of sebacic acid prepared in the usual way from castor oil and melting 
at 132*5-133*5° was 132-133°. 

(0*1202 g. required 11*26 ml. 0*1046 N NaOH : equiv. wt. 102*0 ; calc. 101*08.) 

In another similar experiment this subject excreted 0*11 g. of sebacic acid in 
the urine. 

Two similar experiments were made with the subject v. d. L. With the 
latter 1*10 g. and 0*29 g. of sebacic acid were respectively excreted in the urine 
after partaking of 25 g. of tricaprin together with a liberal amount of carbo- 
hydrate. Below are given some analytical data for the acid isolated in the last 
experiment, recrystallised once more from water after treatment with some 
adsorption charcoal and then melting at 131*5-133°. 

(Found: equiv. wt. 101*7 ; C,59*6, 55*6 ; H, 8*8, 8*8 % : calc, for C 10 H 18 O 4 : equiv. 
wt. 101*08; C, 59*36; H, 8*98%.) 

Triundecylin . 

(6) It is here sufficient to state that, employing the above mentioned 
standard technique, with the administration of 25 g. of triundecylin together 
with a liberal amount of carbohydrate, amounts of undecanedioic acid, varying 
from 0*29 g. to 0*66 g. and from 0*60 g. to 1*59 g. were excreted by the subjects V. 
and v. d. L. respectively. These experiments will be discussed in detail in the 
communication in which we deal with the role of the carbohydrate. 

Trilaurin. 

(7) The trilaurin required was obtained in a yield of more than 85 % by 
crystallising tangkallak fat (from Litsaea sebifera Bl.) several times from a mixture 
of 2 vols. 96 % alcohol and 1 vol. ether [van Eldik Thieme, 1911]. Its saponifica- 
tion number was 263*0 (calc. 263*5). The m.p. of trilaurin is 46*2°. 

By melting together 1 part of trilaurin with 1 part of coconut fat a mixture 
was obtained which was completely liquid at body- temperature. The use of 
such a mixture appeared to us to be necessary to obtain a good adsorption of 
the fat. On administering trilaurin as such, completely melted up in coffee 
or thin broth, it was excreted to an appreciable extent in the faeces in the form 
of large and small solid pieces. For two reasons we have used coconut fat for the 
purpose mentioned and not a fatty oil setting only at low temperatures. Firstly 
it is well known in the food fat industry that the addition of coconut fat is 
particularly suitable for lowering the m.p. of a fat; secondly coconut fat contains 
amongst its component fatty acids an appreciable amount (about 50 %) of 
lauric acid., although in the form of mixed glycerides. Against this addition of 
coconut fat one can a priori raise the objection that this fat contains as com- 
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p OH 011 1 fatty acids various other higher and. lower acids of the same series in 
varying though always much smaller amounts. One may ask whether adminis- 
tration of the fat mixture in question might lead to the excretion of a mixture 
of several dicar b oxy lie acids in the urine, so that the isolation in the pure state 
of dodeeanedioic acid possibly present and the proof of the origin thereof as an 
o> oxidation product of lauric acid might be made much more difficult. From what 
follows it will be seen that this objection is of a purely theoretical nature and, 
taking into account the quantitative composition of coconut fat [see e.g. Taylor 
and Clarke, 192/], we get an indication why this is so. Reference may he made 
here to the third paper of this series. 

We have administered this fat mixture to various subjects, finally, since no 
positive results were obtained, in very large quantities. We shall only discuss two 
of these experiments here, one of them somewhat more fully. 

225 g. of the fat mixture in question were administered in the course of 
8 hours as part of a diet very poor in carbohydrate to the healthy subject R., to 
whom on the preceding day no food whatever had been given. We succeeded in 
isolating from the urine collected up to the following morning a few mg. of a 
substance which melted at 118-122° and the mixed m.p. of which with a 
specimen of dodeeanedioic acid, prepared by the method of Walker and 
Lumsden [1901] and melting at 125-127°, was 119-124°. After recrystallising 
once more from boiling benzene this substance melted at 122*5-125*5°. Taking 
the solubility relations of this substance also into account — it was very slightly 
soluble in cold water and cold benzene [see Yerkade and Coops, 1930," 2], more 
readily in cold ether and boiling water and readily in boiling benzene — the 
conclusion is justified that we were very probably dealing with dodeeanedioic 
acid. The amount of material was quite inadequate for a more definite con- 
firmation by titration or elementary micro- analysis. 

In the second experiment 190 g. of the same fat mixture were administered 
to the same subject in the course of 8|- hours, together with a liberal amount of 
carbohydrate in the form of bread and sugar. The composition of the diet and 
the distribution of it over the day are indicated in the following table : 


Time 

Bread 

g- 

Sugar 

g- 

Fat mixture 
g* 

9.15 

40 

8 

— 

9.40 

— 

— 

30 

11.00 

— 

— 

30 

11.10 

40 

— 

— 

12.15 

— 

— 

30 

13.15 

80 

8 

— 

13.30 

. — . 

— 

25 

14.45 

— 

— 

25 

16.45 

30 

— 

25 

18.00 

— 

— 

25 

18.55 

70 

— 

— 


260 

16 

' 190 


Each portion was taken after being completely melted up in thin broth; 
taking the large amount of fat was greatly facilitated by adding some lemon 
juice and eating a few grapes. On working up the urine, again collected until the 
following morning, indications of the presence of only a very small amount of 
dodeeanedioic acid were obtained. 

Notwithstanding the administration of tea and of pulvis opii — in the second 
experiment, for example, the subject received 50 mg. of the latter each time at 
12 hours 30, 17 hours and 23 hours — diarrhoea occurred in both experiments, 
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which can indeed cause no surprise. It occurred, however, only late at night and 
it is therefore quite certain that a very considerable part of the fat mixture 
administered had been adsorbed. That no appreciable excretion of dodecanedioic 
acid in the urine toot place, in spite of the large amount of fat adsorbed in these 
experiments, is very striking; for example, for comparison with the result of the 
second experiment it should be mentioned that the subject B. excreted a lame 
amount (namely 1-05 g. and 0-45 g. respectively) of undecanedioic acid on the 
administration of only 25 g. of triundecylin together with a liberal amount of 
°vi °?-« ate employing the standard technique in the tests. The same remark- 
able difference in behaviour between trilaurin and the lower triglycerides was 
observed with other subjects, among them the subject V. 

Since natural products (tangkallak fat and coconut fat) served as the 
starting materials in the experiments discussed in this section, for the sake of 
completeness we shah dea! with the question whether these products possibly 

rrf + r f0r T d dodecailedioic aeid in some for m or other so that the 
rWW i f thlS a - ’ mT hlc!l wero P res ent in the urine of the subject, might be 
case Of ! r0m t fi 1S ' ? tlS questl0n 1S real] y of no importance to us. Indeedln the 
twl f a confirmatory answer the contrast between trilaurin and the lower 

mofe monounL H h ** W ius ‘ drawn attention > becomes, if possible, still 
Set that T wm H u eVer ’ an f gatlVe answer is aJ ready clearly implied in the 
V d be sh ° wn 111 Iater eommunications partly from data in the 

1927? mrdv frS,° ng herS ’ Baer aM Blum ’ 1908 ’ Mori > 1918 ; Elaschentrager, 
able toSmf,S? i° U iu OWn lnvestl g ati ons-animal and human organisms are 
ac ds S a Sr^ r ? “* S ° fthe lllglle1 ' normal saturated dicarboxylic 
r(vn(1 , , d y ’ combined with the consideration that the trilaurin obtained bv 

St /both St ??? 1 tangkallak fat from alcohol-ether and the coconut 

Tritridecylin. 

beeniS^^ 

247-3) and the settmg-point 42 65“ " ofthlsfatwas 246-1 (calc, 

in thiSSotf SSoff e °t tS f L ’ 25 S' of this fat completely melted up 

t “ T?/ Carbohydrate ™ 

be detected in the SI TollectecHm tn + N ° tridecanedioic acid could 

however, a considerable nart of the fa? <= morning. In this case too, 

form of large and smS Sd pieces ^ * the faeces “ the 

discussed in section (7) we knew that P fL„ + ° nut lat - Erom the experiments 
excreted in the urine which might interfere TrithtLTS? &t ’ n ° substances are 

hy#at e No tridecanedioic add was SetS £ tL’tST* “ m °“* ° f C ‘ rb °‘ 

f “Mdecylm with 10 g. of paraffin „a ; 

In the preceding experiment tritridS p 10 '*- ° C ^ ys ^ kse at body temperature, 
fat mixture which could be comDletelvarT 50 0/ ° ° f tbe wei gbt of a 

just mentioned on the other hand td^o^isSfo^LtS^S 
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present in it to an amount of 70 % . It therefore appeared to us conceivable, and 
even not improbable, that on administering such a mixture tritridecylin would be 
absorbed at a greater rate than on administration of the mixture of tritridecylin 
and coconut fat, and consequently that there would be a greater chance of the 
accumulation of tridecanedioic acid in the blood and of the excretion of Ids is 
substance in the urine. On the contrary, it is true that a reduction of the 
absorbability of tritridecylin as a result of the simultaneous presence of the 
paraffin oil may also be conceived. We believe on good grounds that any 
appreciable influence of the small amount of paraffin oil in this sense may be 
excluded ; for example, it will be shown in a communication, to be published later 
that the velocity of saponification of the simple triglycerides under the influence 
of pancreas lipase is not altered by the addition of paraffin oil. The subject V. 
partook of the mixture in question, completely melted up in thin, broth together 
with, a liberal amount of carbohydrate ; no hindrance whatever due to the presence 
of the paraffin oil was experienced. Again no tridecanedioic acid appeared to be 
present in the urine collected up to the next morning. 


Discussion* 

(9) As appears from the preceding sections, administration under, as far as 
possible, corresponding conditions of different simple saturated triglycerides to 
one and the same subject leads to excretion of dioic (dicarboxylic) acid in the 
urine in very different amounts. 

We only found a very considerable excretion of dioic acid after tricaprin and 
triundecylin had been taken. The amount of dioic acid excreted on the adminis- 
tration of always the same amount of the same triglyceride to one and the same 
subject under externally similar conditions can vary fairly considerably, while 
different subjects can also behave very differently with respect to the same 
triglyceride. We shall, go into these facts, concerning which a few data are already 
to be found above, in later communications. It is consequently impossible to 
indicate yet on the basis of the results of the few experiments discussed above 
whether triundecylin or tricaprin has the greater tendency to cause dioic acid- 
acidosis and diaciduria ; in other words — as we shall term it — which of the two is 
the more diacidogenic . Even after further experience obtained by us in the 
continuation of the work here described, we do not yet wish to state an opinion 
on this point. Trinonylin is certainly considerably less diacidogenic than the 
triglycerides just discussed, and in tricaprylin the diacidogenic properti.es are 
almost certainly still less developed. With the two higher triglycerides investi- 
gated by us, tritridecylin and trilaurin, dioic acid was either not found in the 
urine or at most only in traces, in spite of the selection of subjects with a con- 
siderable tendency to diaciduria. 

A comparative review of the diacidogenic properties of the triglycerides 
investigated, based on the experiments described in this paper and therefore 
obviously being only of a preliminary nature, is given here. 


Tritridecylin 

Trilaurin 

Triundecylin 

Tricaprin 

Trinonylin 

Tricaprylin 


Term-number* 

12 

11 

10 

9 

8 

7 


Not diacidogenic 
Practically not diacidogenic 
Strongly diacidogenic 
Strongly diacidogenic 
Rather weakly diacidogenic 
Weaklv diacidogenic 


* See Verkade and Coops [1930, 1]* 


38 


P. E. VERKADE AND J. VAN DER LEE 


The results of our experiments with tricaprylin justify the question whether 
the diacidogenic properties of the lower triglycerides only decrease slowly on 
descending the series and whether it will therefore, for example, be possible to 
prove the excretion of pimelic acid (heptanedioic acid) in the urine after the 
administration of triheptylin to suitable subjects. It did not at the time appear 
to us necessary to study this point. 

On the other hand we can indeed say with certainty that with the triglycerides 
of higher term-number [Verkade and Coops, 1930, 1] than those we investigated 
( > 12) — we leave out of consideration the difficulties which these substances 
would lead to on account of their high m.p. — there will be no question of dioic 
acid-acidosis or dioic acid excretion in the urine. 

However puzzling this remarkable course of the diacidogenic properties may 
still be in the main, one thing appears very clearly, namely, that there is 
definitely no question of a contrast in this respect between the triglycerides 
derived from acids with odd and even numbers of C atoms ; the behaviour of the 
triglycerides with the term-numbers 9 and 10, 11 and 12 may be compared. 

In succeeding communications we shall show that the normal saturated 
fatty acids — we shall at present deal only with these — are catabolised in a 
hitherto absolutely unknown way besides the classical way of the /3- oxidation 
discovered by Knoop, which from now onwards we shall call one-sided /3» 
oxidation. By ca- oxidation of the fatty acid the corresponding dioic (dicarboxylic) 
acid is formed which is then further catabolised via lower dioic acids formed by 
two-sided oxidation . It may be remarked in passing that we in no way wish 
to exclude the possibility of the occurrence of still further mechanisms for the 
degradation of these fatty acids. 

It is a fact that practically no one — and in our opinion certainly rightly — 
doubts the degradation of saturated fatty acids by one-sided /3-oxidation. The 
arguments in favour of this way of degradation — one can hardly speak of proofs — 
are, however, really of little significance. The only indication in this direction 
with the fatty acids with even numbers of carbon atoms, the acid components 
of our normal food fats, really consists in the formation from them of ketonic 
bodies under various conditions, which need not be enumerated here, and with 
the fatty acids with odd numbers of carbon atoms in the non-occurrence of 
ketonic bodies under these same conditions. Finally the greatest support for 
the. correctness of the view in question is derived from experience obtained with 
derivatives of the fatty acids, e.g. with the aj -phenyl-substituted fatty acids by 
Knoop, with the fatty acids containing a methyl(benzenesulphonyl) amino- 
group by Flaschentrager, etc. Closer investigation of this way of degradation of 
the fatty acids proper is quite definitely desirable; in fact such work is included 
in our programme. 

On the other hand in the case of the way of degradation of the fatty acids 
now discovered by us we have been able to follow the degradation as it were 
rom phase to phase both with the fatty acids with even and those with odd 
numbers of carbon atoms with the help of simple in vivo experiments. As far as 
the first phase is concerned, the co-oxidation, the evidence for this statement is 
to be found in the experimental part of this paper. 

r J 10 ! S ^ la ^ natlirall y have to deal fully in later papers with the question 

0 actors to which is due the fact that administration of the various simple 
saturated triglycerides under as far as possible similar conditions to the same 
Healthy subjects leads to accumulation of dioic acid in the blood and excretion 

01 it in the urine in such typically divergent amounts. At present very little can 
be said with certainty on this subject. The catabolism of fat administered per os 
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takes place through a highly complicated series of processes, which we cannot 
as yet properly grasp at all even as regards its main features, and each phase of 
which will occur generally with a characteristic speed for each triglyceride, or 
each fatty acid, etc. Now it is certainly obvious to suppose that it will depend 
on the velocity relationships of all these processes whether, -and if so to what 
extent, accumulation of dioic acid in the blood will occur after administration 
of a certain triglyceride and consequently — perhaps on exceeding a certain 
threshold concentration — excretion of this acid will take place in the urine. 
Experiments such as those described in this paper can — we already pointed this 
out expressly in section (2) — only serve for a first orientation with regard to 
the newly discovered way of degradation of the fatty acids and of the phenomena 
connected therewith. A deeper insight can. only be obtained by comparative 
investigations of the behaviour of the triglycerides in question in different phases 
of the total process of fat metabolism. The first results of work carried out in this 
direction in our laboratory will soon be published. 

(11) It may be stated here that by accepting the idea very briefly indicated 
above with regard to the cause of the characteristic serial change of the diacido- 
genic properties in successive triglycerides one may, or rather one must, logically 
conclude that there also exists some analogous change in the ketogenic pro- 
perties of successive triglycerides, derived from fatty acids with even numbers 
of carbon atoms. Systematic work in this region has not yet been carried out. 
There is certainly also here a possibility of interesting and doubtless important 
investigations with the aid of perfectly defined synthetic fatty acid derivatives ; 
we are meanwhile convinced that it will definitely be very difficult to reach 
really unambiguous results in this domain. 

Summary. 

1. Administration under as far as possible corresponding conditions of a 
series of simple saturated triglycerides to one and the same subject leads to 
excretion of dicarboxylie acid in the urine in very different amounts. 

2. With respect to this oxidation of the component fatty acid there is no 
contrast between triglycerides derived from acids with odd and even numbers of 
C atoms. 

3. The excretion of dicarboxylie acid is largest with triundecylin and 
trieaprin; it diminishes on descending the series. No dicarboxylie acid is 
excreted after administration of the higher triglycerides. 

4. The supposed cause of this peculiar serial change of the so-called diacido- 
genic properties of these successive triglycerides is indicated. 

5. It is pointed out that consequently some serial change may or rather must 
exist in the ketogenic properties of successive triglycerides, derived from fatty 
acids with even numbers of carbon atoms. 
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VII. A NEW COLOUR TEST FOR THE 
DETERMINATION OF VITAMIN A. 
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Since the paper of Carr and Price [1926] much attention has been directed 
towards the antimony trichloride reaction of vitamin A. Opinions as to the 
value of this test are not uniform ; it is, however, generally emphasised that this 
colour reaction is not dependable enough for exact determinations; at best it 
can serve as an orientation within certain limits. In the determination, of the 
vitamin A content of cod-liver oil this colour test yields uncertain readings, The 
colour of the reaction is not stable; at first the solution is blue but it soon 
becomes violet and finally red. For measuring the colour intensity of the (Jarr- 
Price reaction the Lovibond tintometer is generally adopted. ^ Owing to the 
rapid colour change it is expedient to accomplish readings within a very short 
time — 10 to 30 seconds. Moreover, the test is not specific for vitamin A, as other 
carotenoid substances show the same behaviour. 

Owing to the drawbacks mentioned, several new tests have been proposed, 
none of which, however, is satisfactory. 

We attempted therefore to devise a reaction characteristic of vitamin A and 
allowing its exact determination in cod-liver oil. We succeeded in finding an 
adequate test by a simple modification of the Carr-Price reaction *, if the^ oil 
containing vitamin A is heated together with catechol and antimony trichloride, 
both dissolved in chloroform, the blue colour first produced soon turns into a 
violet-red. The following reagents are needed for the test : 

L Alcohol-free, absolute chloroform (lower alcohols and water impede the 
reaction) . 

2. 0*5 % solution of catechol in chloroform. 

3. A cold saturated solution of antimony trichloride in chloroform. 

The specimen, of oil to be tested is first diluted with, chloroform, lo Ip- mL 
of this solution 1 ml. of the catechol solution and 2~3 ml. of the antimony 
trichloride solution are added. The test-tube containing the mixture is im- 
mediately transferred to a water-bath at 60° for 1-2 minutes. The .) ue to our 
first produced changes during this heating into an intense violet-red hue. In the 
cold this colour is not produced, as the change then takes the same course as 
without catechol. Subsequent heating of the solution which has undergone the 
change in the cold does not lead to the production of the violet-red colour, 
therefore heating must take place immediately after the reagents have been 

mixed * 

Spectroscopic examination of the red fluid shows characteristic absorption 
bands. Four bands have been observed, two of which are pronounced enough to 
be measured with the diffraction spectroscope. r f 

1. A broad band at the boundary of green and yellow, having indistinct 

limits; peak intensity at 552 m/x. 
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2. A narrower, distinct band between green and blue; peak intensity at 
476 my. 

Resides those mentioned, two more dim bands were observed, one in the blue 
and the other in the violet. 

Solutions of vitamin A irradiated and thus inactivated with ultraviolet light 
do not give the reaction described; the solution becomes pink at once, and 
changes into brownish red with a bluish tinge. 

Irradiation by means of X-rays has a similar effect : the solution first becomes 
red, then reddish brown. 

As mentioned, the reaction of Carr and Price is given not solely by vitamin A, 
but also by other carotenoid bodies. By the courtesy of Professor Zechmeister, 
to whom our thanks are due, we have been able to examine carotene, lycopin, 
zeaxanthin, capsanthin and physalin. None of these carotenoids gave our 
reaction; they gave the original blue colour of the Carr- Price test and no change 
of colour could be observed on heating. We were unable to purchase other 
carotenoids, which will be studied later. 

Thus our reaction makes it possible to differentiate vitamin A from carotene. 
Moreover, vitamin A can be demonstrated simultaneously with carotene; the 
red of vitamin A and the blue of carotene blend intq a vivid violet. 

The same reaction carried out with ergosterol shows the colour change in 
an inverse succession, the solution first becoming coloured pink which changes 
slowly into blue. No catechol is needed for this reaction; the colour change is, 
however, greatly hastened by its presence. Heating does not enhance it, more- 
over this is disadvantageous; when heated, the solution becomes green, but on 
cooling the blue colour reappears. 

With irradiated ergosterol (vitamin D, vigantol oil) no colour reaction is 
observed. 

The blue colour produced with ergosterol shows an absorption band between 
yellow and green, having a peak intensity at 595 my ; another band beginning 
at about 610 my and showing an increasing intensity towards the red can also be 
observed. 

The catechol reaction of vitamin A is also suitable for quantitative determi- 
nations. Under certain conditions the intensity of the violet-red colour is 
proportional to the concentration of vitamin A and can be measured colori- 
metriealiy . A 0*01 % solution of potassium permanganate is used for comparison. 
A specimen of oil containing vitamin A is dissolved in chloroform, yielding a 
solution of a known concentration. I ml. of this solution is employed, or 
a smaller quantity is diluted with chloroform exactly to 1 ml. Now 1 ml. of 
the catechol solution and 3 ml. of the antimony trichloride solution are added 
and the test-tube is put into the water-bath at 60°. After the solution has 
become violet-red, it is compared in the colorimeter with the standard solution 
of potassium permanganate. 

The correct performance of this reaction depends on the following conditions. 

1. The duration of heating. Too short heating produces a red hue with a 
bluish tinge, whereas prolonged heating yields a brick-red solution. 

2. The concentration of the catechol solution. The colour is different if the 
solution contains more or less than 0*5 % of catechol. More dilute solutions 
tend to produce a bluish, red tinge, higher concentrations a brown one. Catechol 
solutions should always be freshly prepared, as solutions older than 24 hours are 
liable to give bluish tinges. 

Of cod-liver oil from 0*1 to 0*5 ml. should be taken. When heated the 
violet-red colour appears in as short a time as 10 to 15 seconds. The reading 
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should be accomplished as quickly as possible, for within a short time the colour 
fades into brown. This change is probably caused by resimfication of the oil ; not 
more than 0-5 ml. of oil should therefore be used for the test, ^ .. 

Of vitamin A concentrates we examined two brands, called "Essogeu and 
“Vo<*an ” respectively. Chloroform dilutions were prepared, which had to be 
heated for 1 to 2 minutes. As these solutions were examined m high dilutions, 
their oil contents were very low and consequently their colours lasted much 
longer, averaging 5 to 10 minutes and even more. 

'The following are the results of several determinations : 

1. Cod-liver oil. (The comparator cell of the Duboscq colorimeter stood at 

the mark 10.) 


0-1 ml. of oil 

reading 18-0 

0-2 

8-9 

0-3 

„ 6-2 

04 

„ 4-6 

0-5 

„ 3-6 


2. 0-5 ml. of “Vogan” diluted to 10 ml. 

0-1 ml. of solution reading 10-0 

0-2 „ „ 5-0 

0-3 „ » 3-2 

04 „ » 24 

0-5 „ » 2 -0 

3. 0-1 ml. of “Essogen” diluted to 10 ml. 

0-1 ml. of solution reading 30-0 
0-2 „ » 15-2 

0-3 „ » 10 '2 

04 „ ” J* 

0-5 „ » C> ‘° 

The values above indicate that with an increase of the quantity of vitamin A 
the decree,..,,, tie ™'°“' 

of the concentration. Comparison ot ta «*»•*««> t1he e«l liver 5l 
tamed 36 times, “Essogen” 60 times as much vitamin A as the 

examined, we measure d the absorption of our solutions photo- 

electrically. We employed a cell of diameter^ T^hejnasimnmuitens^j 

^ “ ehZr h, the fol.o.h lg table: 


ml. of solution 
0*1 
0-2 
0-3 
0-4 
0-5 
0-6 
0-7 
0*8 
0-9 
1*0 


Current intensity 
10“ 7 amp. 
47*5 
39*5 
28-5 
22*5 
18*0 
13*5 
10*5 
7*0 
5*5 
2*5 


Absorption 83-5/a: 
1*8 
2*1 
2-9 
3*7 
4-6 
6-2 
7-9 
11-8 
15-2 
33*4 
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Spectrophotometric examination of the colouring matter is being carried out 
The relation of these data to the biological potency of the preparations examined 
is reserved for further study. 

Summary. 

The reaction with catechol as described is an advance in two respects. 

1 . It makes possible differentiation of vitamin A from carotenoid substances. 

2. The violet-red colour, similar to that of a dilute solution of potassium 

permanganate, is more stable than the blue colour obtained according to the 
Carr and Price method. ° 


REFERENCE. 

Carr and Price (1926). Biochem. J. 20, 297. 


VIII. POLARIMETRIC DETERMINATION OF 
GLUCONIC ACID. 

By THOMAS ARCHIBALD BENNET-CLARK. 

From the Botanical Department The University , Manchester. 

(Received November 22nd , 1933.) 

The specific rotation of malic, tartaric and other a-hydroxy-aeids is markedly 
increased by the formation of complex compounds with, uranium salts and with 
molybdates, tungstates, etc. Use is made of this phenomenon in the estimation of . 
optically active malates and tartrates in plant material [Auerbach and Kruger, 
1923]. The writer is not aware that this phenomenon has been made use of in 
the estimation of gluconic acid. It can, however, be conveniently applied to this 
purpose. 

Experimental. 

Calcium gluconate recrystallised from water was dried at 100° and a 0*1 N 
(2-15 %) solution was prepared. 5 ml. samples of this stock solution were mixed 
with 2-0, 5-0, 10*0 and 15-0 ml respectively of saturated ammonium molybdate 
solution; 2*0 ml. of glacial acetic acid were added, and each sample was made up 
to 25 ml. with distilled water. The rotations of these solutions -were measured at 
various time intervals after mixing the reagents. 

The results of nine typical experiments are given in Table I. It is found that 
the rotation of the gluconate-molybdate mixture is at its maximum value as 
soon after mixing of the reagents as it is possible to take readings (about 
5 minutes). The rotation decreases during the first two hours to a value ^which 
is maintained almost unchanged for some days. It will be noted, from Table I 
that the rotation of the gluconate-molybdate mixture attains its maximum value 
when 5 ml. of saturated ammonium molybdate are present in 25 ml. of solution. 
Trebling the concentration of molybdate only brings about a 3 % decrease in 
rotation, and halving the molybdate concentration correspondingly brings about 
a reduction in rotation of about 10 % . 


Table I. 



ml. saturated 


l>>0 



molybdate per 


[*K * 



25 ml. of 


— — A — — 

24 hours 


solution 

1 hour 

3 hours 

I 

2-0 

343° 

314° 

— 

II 

2-0 

331 

— 

361° 

III 

5*0 

372 

373 

361 

IY 

Y 

5*0 

— 

366 

5*0 

371 

* — 

— . 

VI 

10*0 

384 

— 


vn 

10*0 

362 

352 

— 

VIII 

15*0 

362 

350 

— . 

IX 

15*0 

347 

— 



* Calculated with respect to quantity of total gluconic acid. 
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On. the basis of these and other similar results, it was decided, to treat 
gluconic acid or gluconate solutions in the following standard manner. 8 ml. of 
the gluconate solution are mixed with 5 ml. of saturated ammonium molybdate 
and 2 ml. of glacial acetic acid, and the mixture is allowed to stand for at least 
3 hours in darkness. The rotation is then measured. Under these conditions, as 
the figures in Table II show, the relationship between gluconate content and 
rotation is almost linear when the gluconic acid content is less than 1*5 % and 
deviates only slightly at concentrations up to 3 % . In general, plant material 
containing gluconates or gluconic acid also contains carbohydrate. The specific 
rotation of glucose is not directly affected by treatment with the molybdate 
reagent, but relatively concentrated solutions (5 % for example) are fairly 
rapidly oxidised by the molybdate mixture, which itself becomes dark blue in 
colour. The rotation of the solution increases probably owing to the formation 
of gluconic acid among the products of oxidation of the glucose, and polarisation 
of the darkly coloured solution becomes impossible. 

In the presence of sugars therefore the standard procedure mentioned above 
is varied. A measured volume of the solution is boiled with sufficient excess of 
NaOH to neutralise the acid and convert any gluconic lactone into sodium 
gluconate ; calcium chloride is added and the solution treated with alcohol to 
make the alcohol content 80 % . The precipitated calcium salt is filtered, washed 
and redissolved in water so as to give 8 ml. of solution, to which 5 ml. of molyb- 
date and. 2 ml. of glacial acetic acid are then added. After standing 3 hours in 
the dark the solution is polarised as before. 

Table II gives the observed rotations in a 2 dm. tube, and also the specific 
rotations when solutions of various gluconic acid contents were used in the 
standard manner described. The quantity of gluconic acid recorded in the left- 
hand column of the table is the quantity present in the 8 ml. sample used which 
is made up to 15 ml. by addition of molybdate and acetic acid. Sodium light 
was used in all cases and the temperature throughout was 22°. 

Table II. 


Quantity of gluconic 
acid, mg. in 8 ml. 

19-6 

39-2 

784 

117*6 

156*8 


Observed rotation in 
2 dm. tube 

0*96° 

1*93 

3*83 

6*10 

8*00 


Specific rotation 

' 367° 

369 

366 

389 

381 


Intermediate values have been obtained by interpolation. It has been 
shown that the presence of citric acid does not affect the value of the specific 
rotation of gluconic acid in a manner comparable with the effect on malate- 
molybdate mixtures. An 8 ml. sample, containing 78*4 mg. gluconic acid and 
192 mg. citric acid in standard molybdate mixture gave a rotation of 3*96° in 
a 2 dm. tube. The specific rotation is therefore .378°. 

Table III. 


Acid 

d-Malic 

/-Malic 

d-GIueonic 


Specific rotation in presence Specific rotation in presence 
of molybdate of uranyl salts 


-720 to -770° 
+ 720 to +770 
+ 366 to +390 


+ 510 to +525° 
- 510 to -525 
About +80 
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The gluconate- containing material so far investigated in this laboratory has 
not contained malic or other optically active acids. It should, however, be 
possible to deal polarimetrically with such mixtures relatively easily on account 
of the different magnitudes (and directions) of the enhancements of rotation 
produced by molybdates and uranyl salts, of which data are given in Table 111. 

Summary, 

1. The specific rotation of d-gluconie acid is enhanced about 40-fold by 
formation of complex salts with molybdates. The value of the enhanced rotation 
is to a marked extent unaffected by variation in concentration both, of gluconic 
acid and molybdate. 

2. The rotations of gluconic acid complexes with uranyl salts and molybdates 
are in the same direction, in contrast to the behaviour of malafces; hence polari- 
metric analysis of mixtures should be relatively simple. 


REFERENCE. 

Auerbach and Kruger (1923). Z. Unlers . NaJir. Genussm . 46, 97, 179. 


IX. THE DETERMINATION OF BROMINE 
IN NORMAL BLOOD. 


By THEODORE FREDERIC DIXON 1 . 

From the Central Pathological Laboratory of the London County Mental 

Hospitals. 

(Received November 25th , 1933.) 

During an investigation into the halogen constituents of the blood of psychoties, 
who, it is stated by Zondek and Bier [1932], have a greatly lowered blood- 
bromine, it was found that none of the methods available for blood-bromine 
determination was satisfactory. In particular that of Pincussen and Roman 
[1929], on which Zondek bases his conclusions, was shown to be subject to gross 
errors. 

In all the methods the blood is first ashed with excess of alkali whereby the 
bromine is fixed as alkali bromide. The bromine is then liberated by oxidation 
with KMn0 4 and H 3 PG 4 [Behr et al 1931] or HN0 3 [Pincussen and Roman, 
1929] and collected in chloroform or carbon tetrachloride, or it is distilled over 
into potassium iodide solution. In any case it is difficult to avoid oxidising 
chloride and also to get rid of all traces of oxidising agents even if aeration is 
resorted to. In the method of Roman the melt is subjected to an alcoholic 
extraction which is claimed to remove potassium iodide only. The present author 
has shown, however, that although potassium bromide is only slightly soluble 
in alcohol the amount (lOOy) present in the potassium carbonate melt from 
10 ml. normal blood can be quantitatively extracted with 90-95 % alcohol, the 
bromide and iodide being thus extracted together. Fleischhacker and Scheiderer 
[1933] have shown that the oxidation with HN0 3 and H 2 0 2 is not quantitative. 
In the Roman method excess of oxidising agent is removed by shaking the 
CHCL, layer with ice-cold NaCl solution. Hahn [1933] has shown that NaCl 
dissolves out some Br as well as the oxidising agents. In any case iodine 
titration in a water- chloroform mixture is a difficult procedure and not one 
capable of great accuracy. 

According to van der Meulen [1931] bromides can be quantitatively oxidised 
to bromates by 2-| times the theoretical amount of hypochlorite in the presence 
of borate buffer and half saturation with NaCl according to the equation 

3KC10 + KBr ^ KBr0 3 + 3KCL 

The completion of the reaction from left to right is ensured if the oxidation is 
carried out at 85° and excess hypochlorite is removed by addition of H 2 0>, 
which in turn is removed by boiling. Addition of bromates to iodides in acid 
solution results in the liberation of iodine equivalent to 6 t im es original amount 
of Br according to the equation 

HBrO s + 6HI ^ HBr + 3H 2 0 + 3I 2 . 

It was found that the above procedure could be modified to deal with quantities 
of the order of 50 y such as are likely to be encountered in 10 ml. normal blood. 

1 Maudsley Research Fellow. 
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It has the advantage that the oxidation and titration are carried out in the same 
vessel and all the oxidising agent is removed. A small amount of chlorate is 
unavoidably formed but this is allowed for by using controls which have been 
subjected to the same procedure from the start. Using this method of oxidising 
bromide and determining it by the iodine liberated it was found possible to 
evolve a method for determining bromine in 10 ml. normal blood. 


Reagents required. 

Water distilled from alkali in an all glass apparatus. 

10 A 7 KOH and 10 N K 2 C0 3 purified so as to contain no bromide by von 
Fellenberg’s [1926] method. 

Pure ethyl alcohol distilled in all glass apparatus from KOH. 

N KCIO in Nj 10 KOH. Made bypassing 71 g. chlorine gas, cooled and dried, 
into 1*8 litres of KOH containing 2*2 g. mols. or 123*2 g. KOH, finally making 
up to 2 litres with water. The KOH is contained in a flask cooled in ice while 
the chlorine is passing through to minimise formation of KC10 3 . 

N KI, preferably made fresh, contained in a brown glass bottle. 

N HC1. " . . 

C>5 °/ 0 starch; acid- washed soluble starch freshly made up each tune required. 

AHA- , . 

A/500 sodium thiosulphate solution. _ 

The proposed method for blood is as follows. 10 ml. of oxalated blood are 
measured into a 300 ml. flask. 0-8 ml. 102V KOH, 0-8 ml. 10N K 2 C0 3 and 30 ml. 
water are added, and the whole is heated on the water-bath tor 4 hours. Ine 
mixture is then transferred to a nickel basin of 10 cm. diameter and evaporated 
to dryness on the water-bath. The basin is dried at 150-160° for 60 mins, and then 
heated at 420° in the muffle furnace for 2 hours and finally at 500 tor hour. 
The contents are ground up with water by means of a glass rod, evaporated to 
dryness on the water-bath, dried at 150-160° for 30 mins., and then ignited for 
’ hour at 500°. The grinding with water, drying at 160 and igniting at oUO ioi 
I hour are repeated. During ignition in the muffle the contents of the basin swell 
up considerably and there is danger of loss unless the surface of the melt is 
pricked with a finely pointed glass rod, thus allowing tarry vapours to escape. 
20 ml of water are then added to the basin, which is heated tor a few minutes on 
the water-bath. The contents are ground up with a glass rod and then MW 
through a 9 cm. Whatman’s No. 5 filter-paper previously well washed into a 
9 cm. porcelain basin. The residue is repeatedly extracted with hot and finally 
cold water until there are about 50 ml. in the porcelain basin which a t then 
evaporated on the water-bath. The porcelain basin is ™ ^ 

to dryness, carefully dried first at 120° for Id mins., then at loO-lbO foi Id mins 
and Sly imutedin the muffle for 10 mins, at 500°. The contents are dissolved 
in 15 ml. later and filtered through a 7 cm. Whatman’s No. ^ ffllter-paper into 
another porcelain basin, the filter being washed several times with ^ ,<10 K 2 LU ; ,. 
The solution is evaporated on the water-bath and the residue dried at loO 1 »U 
an! iSd in the muffle for 5 mins, at 500°. It is then completely chssoKed m 
1-8 ml. water and alcohol added 5 ml. at a time with continuous Btimn*, the 
mixture being well rubbed with a round-ended glass rod, until 1 o ml. alcohol li . 
been added. The mixture is stirred until the Iv 2 C0 3 passes mtoapas^ 
when the alcoholic layer is decanted through a Jena glass sintered filter 2No l 3mto 
IS or 40 ml flask The residue is extracted with two more successive lots of o ml. 
!f alcohol T^ 5e potassium carbonate from which the alcohol has been drained 
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is then added 0*6 ml. water and the above alcoholic extraction is repeated. The 
contents of the flask are evaporated on the water-bath to dryness, with addition 
of a couple of pumice granules to facilitate smooth boiling and, if the flask looks 
very full, under a stream of nitrogen. The last traces of alcohol are removed by 
heating at 150-160° for 10 mins. To the residue are added 2 ml. water, 1 mi. 
KCIO and 2*5 ml. saturated NaCl, and the mixture is warmed to about 85° on the 
water-bath and treated with 1 ml. saturated H 3 B0 3 . The flask is removed after 
20 mins, and cooled and then 1 ml. N H 2 0 2 added, after which the contents are 
gently boiled for 5 mins. The flask is cooled and T5 ml. N HOI, 5 drops of starch 
and 1 ml. N KI are added, and the solution is titrated against A T /500 thiosulphate 
using a 3 or 5 ml. micro- burette 

1 ml. A r /500 = 26*7y bromine. 

The oxidation of the bromide in the presence of chloride is very conveniently 
carried out in the same flask as the titration so that there is very little chance of 
loss. 

The preliminary heating on the water- bath with water and alkali causes 
partial if not nearly complete hydrolysis of the blood-proteins, and as the author 
has reason to think some of the bromine in the blood is bound to protein, there is 
less likelihood of loss and at the same time the use of huge quantities of alkali 
with consequent corrosion of dishes and basins is avoided. It also permits the 
use of nickel and porcelain basins for the ashing. 

The chief aim in the ashing process is to evaporate most of the tarry matter 
at 400° and then to reduce the ash so that there is very little carbon left by 
heating at 500°. Grinding up the ash with water and igniting three successive 
times at 500° seems to remove any possibility of organic matter coming through 
to the hypochlorite stage. If organic matter is present it will lead to low figures. 
The method of ashing will not recover substances like bromobenzene or ethyl 
bromide which are immiscible and evaporate before fixation, but there is no 
reason to believe that such substances exist in blood. 

The contents of the flask after the addition of the KCIO must not be boiled 
as there is danger of excessive KC10 3 formation. The titration end-point is quite 
sharp, but owing to the large salt content of the solution the colour change is 
from blue -purple to colourless. The blank determination on the 10 ml. sucrose 
solution control which is put through exactly the same process is of the order 
of 0*4 nil, of N 1 500 thiosulphate and is due to a small amount of chlorate forming 
during the heating at 85° on the water-bath and includes the inevitable over- 
titration so that these both cancel out. 

Iodides are also quantitatively oxidised by hypochlorite to iodates and are 
thus estimated together with bromide. 

Normal blood, however, contains 560-1 000 y / 1 00 ml. bromine and I0-15y/ 
160 ml. iodine, and thus variations in the latter unless very large, as for instance 
after iodine therapy, do not appreciably affect the figures for bromine. 

Table I. Showing amounts of bromine as y Br found in 10 ml. samples of 
normal human blood together with amounts found after bromide had been added . 

Normal blood 4 - 100 y Br as KBr Difference 

89 184 95 

120 217 97 

173 277 104 


A 

B 

C 
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Summary. 

A method is described for the determination of the bromine content of 10 mi. 
of normal blood, whether it contains 0*1 mg. or 100 mg./ 100 ml. 

Through the courtesy of Sir Robert Robertson and the late Sir Walter 
Fletcher the author has had access to an unpublished report of work on the 
determination of iodine carried out for the Medical Research Council at the 
Government Laboratory by Mr C. 0. Harvey, and he has been guided by it in 
choosing the conditions for the preliminary treatment and incineration of the 
blood and for the alcoholic extraction of the potassium bromide. He wishes to 
express grateful thanks for this privilege. 

"The author also wishes to thank Dr B. L. Golla, Director of the Central 
Pathological Laboratory, and Dr S. A. Man n for their advice and criticism. He 
is also indebted to the medical officers of the London County Mental Hospitals 
for their kindness in providing the samples. 
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X. OBSERVATIONS ON THE ACTION OF 
CHLORINE ON LIGNIFIED TISSUES. 


By FLORENCE MARY WOOD. 

From the Birlcbeck College, University of London. 

[Received November 28th, 1938.) 

During a study of the chemical nature of the cell membrane in plant tissues use 
was made of the chloramine reaction as a means of detecting protein in the 
cell- wall. Plant tissue sections were submitted to the prolonged action of chlorine 
gas and subsequently treated with aqueous solutions of sodium hydrogen phos- 
phate and potassium iodide. Under these conditions proteins, if present, produce 
chloramines which liberate iodine from potassium iodide, resulting in a yellow 
coloration of the cell- wall [Wood, 1926]. 

This reaction led to interesting results with lignified tissues apart from its 
original application. A pink coloration was developed in these tissues [Wood, 
1927], and while investigating the origin of this it was found necessary to devise 
some means of detecting vanillin in the cell-wall and of distinguishing this 
compound from coniferin, since it was thought possible that the coloration might 
be due to a compound of vanillin or coniferin, or their derivatives, with chlorine. 
Other possibilities were that it might be due to a compound of lignin with 
chlorine or to the nature of the lignin present. It has been shown by the author 
that this coloration is not due to oxidation of the cellulose base, but to the 
presence of the halogen [Wood, 1927]. 

Vanillin has been shown to occur in linden bark, in the summer only, by 
Brautigam [1900, 1, 2]; it was found in a board by von Lippmann [1904], is 
stated to predominate in the oldest lignified tissues by Ellram [1896] and has 
been shown to occur in decayed oak-wood by Sullivan [1914]. 

It is well known that the sulphite and soda liquor from the manufacture of 
wood-pulp contains vanillin. 

Coniferin occurs frequently in plant material. Kubel [1866] found it in the 
cambial sap of all conifers. It is converted by hydrolysis into coniferyl alcohol, 
and by subsequent or direct oxidation into vanillin [Tiemann and Harmann, 
1874]. Hence it was necessary to perform distinguishing tests for these sub- 
stances. 

The possibility of the production of vanillin from coniferin, or on further 
oxidation vanillic acid by the chlorine-phosphate-iodide treatment to which the 
plant sections were submitted, must be taken into account, for Tiemann and 
Mendelsohn [1875] record the reverse process. 

Should vanillin be detected after chlorination, its origin is a matter of some 
importance. 

_ -As phik coloration only appeared in the presence of the halogen, and 
evidently a definite compound was formed, the problem was to show whether it 
was due to : 

[a) a compound of chlorine with coniferin, or coniferyl alcohol which may 
be produced by the hydrolysis of coniferin ; 
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(b) oxidation of coniferin to vanillin and the subsequent formation of a 
chlorovan^e of chlorovanillin from vanillin naturally present in the 

Uj the prolonged treatment with chlorine resulting in the formation of 
vanillic acid or possibly the production of a chlorovanillic acid. 

No information could be obtained as to the existence of any compound of 
coniferin or coniferyl alcohol with chlorine, so that this part of the work was 
concerned with proving the presence or absence of the coniferyl nucleus before 

and after chlorination. „ .... , 

Menke and Bentley [1898] describe the formation of a chlorovanillin when 
vanillin in solution in chloroform is treated with chlorine for some time. 
Hann 11925] records the preparation of chloro vanillin, probably identical with 
the above, when vanillin dissolved in glacial acetic acid is treated with chlorine 

in the presence of fused sodium acetate. , 

But these chlorovanillins are colourless or yellow substances and the com- 
pound under investigation is pink, hence if chlorovanillin is produced, there must 
be some further reaction, resulting in a coloured compound. 

Hann et al. [1929] describe the preparation of 5-chlorovanillal-3-mtro-p- 
toluidine in the form of iridescent brick-red granules. It should be noted tha . 
tMs possesses a deep colour because it is a nitro-anil; the colour is not associated 

"‘tS » of substituted nanilhn. with the I— 

tolylrhodanic acids, and found that as a general rule al the xodo-derivatives 
are^red brown or deep yellow, whereas the analogous chlorine compounds are 
yellow. All these compounds were found to be insoluble m water slightly solu i e 
in alcohol and organic solvents, and to dissolve in concentrated su p uiic a 
“th the production of brilliant red colours. Hence there are two further 
possibilities of the origin of the observed pink colour; ms. d ^ay be dim . 

P (a) the production of chlorovanillin and its subsequent union with an 
amine derived from the protoplasmic constituents of the cell, or from the cell-sap, 
to produce a chlorovanillal derivative which thenreacts with the potassium iodide 
P (6) to Jhe formation of an iodo-derivative of the substituted vanillin on 

treatment with potassium iodide. 

Experimental. 

The experimental work was carried out on plant tissues, in the form of 
of stems, end whet, possible simito ; extern « w«e 
nerformed on the chemical substances suspected. The twenty-three species 
examined included those which had been found already 

coloration those which gave a faint coloration and some which gave negative 
results They included Gymnosperms, which all gave an intense coloration, and 

^ng of any section of the plant 
tissue giving the pink coloration in the chloramine reaction, no method ha. 
been dSvised so fa] for the eitrantion of the substance responsible, bence most 
S«"tal to be based on colon, reactions, although 
represented a 

When bromine is used instead of chlorine a similarly colo _ ,, . ? f 

dncTd tLn^his element is not to be preferred to ehlonn, for nse in tins test 

[Wood, 1931]. 
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The remote possibility of the metallic ion used having some effect also had to 
be considered. 

A similar coloration to that produced when potassium iodide was used was 
obtained with sodium iodide and with magnesium iodide, it was therefore 
inferred that the nature of the metallic ion was without influence on the colora- 
tion. With potassium chloride, no pink coloration was obtained, and with 
potassium bromide, an orange-red coloration, which did not resemble the usual 
pink colour associated with this test, but was somewhat like that obtained when 
bromine was used instead of chlorine. 

These results appear to give additional proof that the effect is connected 
with the presence of iodine. 

In practice all results obtained were more satisfactory if the material, which 
was kept in alcohol, were placed in water for 12 to 24 hours before being sub- 
mitted to the action of chlorine. The chlorinated material was then kept in 
alcohol (as otherwise, in spite of the presence of chlorine, fungi sometimes attack 
the sections) being treated with water again before completing the test. 

Certain products of the chlorination of lignin dissolve in alcohol, e.g. lignone 
chloride [Cross and Be van, 1895]. Although this substance is light yellow in 
colour, it was thought possible that it might react with iodine to produce a 
substance of a different colour. By the use of alcohol the lignone chloride is 
partially removed before proceeding with the rest of the test. 

Schorger [1926] states that the yellow colour produced in lignified tissues by 
the action of chlorine is due to a combination of the chlorine with the lignin, and 
that if a dilute solution of sodium sulphite is applied, as in the Cross and Bevan 
method of determining cellulose, the liquid is coloured pink to purple-red 
[Bevan and Cross, 1880; Webster, 1883]. By this method the chlorinated 
products are stated to be removed from wood. Hence the next step was to remove 
such products of chlorination from the sections. This was effected by boiling 
them with 2 % sodium sulphite solution after chlorination, then treating them 
with sodium hydrogen phosphate and potassium iodide and comparing the 
colour reactions with those produced in sections which had not received the 
sodium sulphite treatment. 

Transverse sections of the stems of fifteen species were examined in this 
way, chlorination being effected by chlorine gas and by chlorine dissolved in 
carbon tetrachloride. The pink colour appeared in the same way as if sodium 
sulphite had not been used, and there was only extremely slight coloration of the 
liquid. 

Sections extracted with glacial acetic acid, which also dissolves lignone 
chloride, failed to give the test. 

The last two series of experiments also show that the more satisfactory results 
obtained when material that has been preserved in alcohol is treated with water 
before and after chlorination should not be ascribed to the partial removal of 
lignone chloride, since the presence of this substance apparently has no effect 
upon the development of this pink coloration, although a certain amount of this 
substance is probably formed. 

It was next necessary to show whether the pink colour was associated with 
the lignin complex or not; in investigating this point a large number of plants 
were examined. The reactions employed for lignin were those produced with 
diamine blue, brilliant Congo blue, orcinol, phloroglucinol, o-, m- and ^>-xylidene, 
and m-xylidene acetate. 

In the majority of these reactions the pink colour was found to be associated 
with a positive reaction for lignin in primary and secondary xylem, and hi many 
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cases in stelar sclerenchyma. The results obtained with cortical and stelar 
sclerenchyma were indefinite, pointing to considerable variation in the chemical 
composition of these tissues. _ 

Since a connection had been established between the reaction and the lignin 
complex, the next step was to determine what parts or products of this complex 
were concerned. It was evident from the amount of the coloration, which in no 
case was so intense as to render the cell-wall opaque to light, that a portion only 

of the bulk of the cell- wall was concerned. . 

There are two types of lignin described by Paloheimo [1929], orthohgnm, 
which is resistant to* the action of concentrated hydrochloric acid and is scarcely 
attacked by boiling with dilute alkali, and other kinds of lignin, called hydro- 
lvsable lignins, which are readily removed by strong acids and dilute alkalis. 

Sections of the stems of seven species were treated separately with caustic 
soda and with hydrochloric acid and the aniline sulphate and Maule tests used 
to give the characteristic lignin reactions. The results were compared with those 
obtained from similar tests made on untreated material, the depth of colour 
indicating how much lignin had been removed. . . 

All the above tests were performed both before and after chlorination ana 
correlated with the chloramine test made on other sections of the same material. 
The pink colour is not influenced to any marked degree by the presence or 
absence of either orfMignin or hydrolysable lignin. 

The next possibility seemed to be that the colour was due to some compoui 
either produced in small quantity from the lignin as a whole, or loosely associated 
with the lignin, or perhaps to some encrusting substance. As indicated earlier, 
two such substances are coniferin and vanillin. _ Differential experiments were 
made for the detection of coniferin and vanillin in plant-tissues, and the resu » 
obtained were correlated with those of similar experiments made with vanillin 
and coniferin themselves. These compounds were submitted to the action of 
chlorine gas, or to that of chlorine dissolved in carbon tetrachloride, and m 
every case to subsequent treatment with sodium hydrogen phosphate and 
potassium iodide. The colorations produced were mainly yellow to orange or 
brown with coniferin, and orange, red or reddish brown with vanillin, indicating 
that the latter was more likely to be associated with the coloration produced m 

Pk In ghnmal, the xylem formed in the autumn gave a stronger vamllm reaction 
than the spring xvlem, which often indicated traces of conifeiir . 
lignifiedtissues gave a stronger reaction for vanillin than the younger issues 
thus confirming Ellram’s work [1896], and the younger tissues sometimes gave 
X HSy “i!|ht reaction. This suggests that vanillin may l» produ«d fom 
coniferin as the tissues become older. Where there was a positive chloramme 
reaction the colour reactions for vanillin were always more intense, particu y 
in two of the species examined, viz. Laurus nobilis and Bambusa ^ 

there was a negative chloramine result, the reactions for vanillin were eit 

negativ^oi extremelyjl^htom ^ earlier work the reactions varied wfih the 

sclerenchymatous tissue involved [Wood 1927], The 

the shade of the coloration indicating either vanillin or comfern the genem 
result being that vanillin in varying amounts was indicated. _ telar 

vanillin were generally stronger in cortical sclerenchyma 

sclerenchyma^ obt£dned with all thege tissues show that vanillin, and not 
coniferin, has some connection with the pink colour of the chloramine reaction. 
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This eliminates the possibility of it being due to a compound of chlorine with 

“fZ” ooniferm, to the cdl-contonto, or the 

cell iall might have undergone oxidation by the prolonged chlorine treatment 
ult mS producing vanillin, the results of the previous experiments on 
material both before and after chlorination, were carefully examined. Sections 
of six species were again submitted to the codeine test for vanillin [van Itallie 
■| Q+ppnhauer 1927 1, 21 both before and after chlorination. In most cases 
tTe vanS appeared to be present before as well as after chlorination, showing 
that it was naturaUy presentin the material and was not an oxidation product of 

Chl The a po"sibilitv of some of the reactions attributed to coniferin and vanillin 
being also given by hemicelluloses could not be ignored, particularly as these 
,ulX»ce» may b. tarnation product, in tl.c change from pect.c .ub.ta.rco to 
lignin, when lignification of the cell-wall takes place [0 Dwyer, 19-8]. 

8 Sehultze defines hemicelluloses as the carbohydrates occurring m the plant- 
cell that are dissolved by dilute alkalis, readily hydrol ysed by h o ,tMntemraer,l 
acids and destroyed by Schulze’s reagent [Schulze, 1890 ; 1891 , 1892 ]. Schoi 0 ei 
F19201 in addition considers that they should be soluble in boiling wa er. 

Hemicelluloses, such as wood gum or xylan, may be present m the cell wall 
In order to determine whether wood gum or xylan were present in the original 
material used, the following experiments were carried out with sections ot stems 
of emht species. Some sections were treated with 5 % aqueous caustic soda m 
the cold and the usual phloroglucinol test applied, both m the cold and on 

W Thelatter test was also made on untreated material both m the cold and on 
warming. The xylan is removed by caustic soda. Xylan is coloured by phloro- 
glucinol on warming, while lignin is coloured m the cold [Wheeler and Tollens, 
18891. If a positive reaction is produced on the untreated material in the cold, 
tills" is due to lignin alone, but the coloration produced on warming is due to the 
combined action of lignin and xylan. Naturally if xylan is removed with 
caustic soda, any coloration is due to lignin alone. Maximum effect was pro- 
duced if the sections, which had been treated with caustic soda, were lett m 
water for some days before being treated with phloroglucinol. 

The colour produced with phloroglucinol was even more brilliant when the 
sections were treated with caustic soda, which seems to show that in these 
specimens there was not any appreciable amount of xylan and certainly not 
enough to have any marked effect in the tests with which this paper is concerned. 

The colour produced with phloroglucinol was examined carefully in every 
ease for any reddish-violet tinge, as this indicates the presence of a compound of 
Mo-eugenol with oxygen [Herzog and Hillmer, 1929]. Dilute alkalis produce 
wo-eugenol from eugenol, and this on oxidation gives vanillin. 

Only in two of the Gymnosperms, Gycas revoluta and Larix europaea was any 
purplish tinge perceptible in untreated material in the cold and on warming. In 
Larix europaea when the material had been treated with caustic soda this 
coloration persisted, but only when the phloroglucinol test was made in the cold. 
This shows that t.so-eugenol was not usually present in the material used in these 
tests. 

Caustic soda removes any coniferyl alcohol present, so that none of the above 
results, after soda treatment, can be attributed to this substance. 

The possibility of the connection of vanillin and chlorine with the develop- 
ment of the pink colour obtained in the chloramine reaction having been 
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1V , 1 mature of the compound present was next investigated. Further 

established l the mature th / halogen was afforded by the ana ogous 

confirmation Stained when bromine was substituted for chlorine [W ood, 

results which wei ■ ■ r . annears to be an obvious solution, but 

WSU- ^fTeTSomt “S ’yE colour, so, should the suspected 
this substance ^ 'f the compound responsible for the coloration must be a 
“ tjlll of ohlLmaniUtawith either (a) the other reagents med, 

Stmel« olrrihg in the eell or cltwall, or (.) with both the forme, 

the rt“e»ts used, hit. sodium hydrogen phosphate and potassium md.de, 

were investigated. -.. i i • ^ohol (b) in hot water, alone and 

ta S^liwere carried out with 

eaC afsSL f Ty<ioSn 0 phosphate and potassium iodide; 

(2) sodium hydrogen phosphate; dissolved, to obtain the maxi- 

mu SllTotZ ISfU which may be set free by the ehloramine produced from 

any protein presenf^m^he^cen-conteifijs.f ^ coloration) hence chlorovanillin 

and thereagents used, are not above), 

^oWrexaminationoftheeffectofsodinmhydrogen 

phosphate and potassium iodide upon. 

(a) chlorovanillin and an amine , 

(b) vanillin and a chloramine ; 

fc chlorovanillin and a chloramine. 

The slight acidity due of experi- 

U substituted com. 

Further, since the possibility of the etteet beiii„ f ^ „ f the wort ™s 
^ £ IutS11“^'yanmin ,»d v»iffie acid treated with 

chlorine for chlorovanillin. . 

The experiments were conducted using . 

(a) sodium hydrogen phosphate and potassium mdi e, 

(b) sodium hydrogen phosphate atone, g enumerated above. All 

(c) potassium iodide alone^ on al being employed. Sodium 

tzgzzg* “ ud £ “ d „ re 

,”e . compounds J-j**! J 
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strip o f filter- pa p er immersed in it, with one end out of the liquid, to observe the 
ettect of the mixture upon cellulose, the object being to simulate an encrusting 
substance upon a cellulose base as might occur in the plant cell- wall. " 

blow evaporation to dryness in the air was allowed to take place and the 
effect on the filter-paper carefully watched. As one end of the filter-paper was 
arranged to be out of the liquid, the colour effect produced could be observed as 
the liquid crept up the paper and then slowly evaporated. By arranmna- the 

drv T m, each dfch earefuI1 y> the free end of the filtermaper was kept 

ary at the top. This was necessary, as many of the colour effects produced 
appeared as the paper dried just where the wet paper met the dry paper. The 
second and third series of experiments were conducted in a similar way, except 
that m the second series the potassium iodide was omitted, and in the third 
series no sodium hydrogen phosphate was used. 

•■iwSSdrf' 'srj™ rep “‘ e<i “ sing » strip ° f -»«*. 

resJte obteiAed Wh 0le experiments were repeated, as a confirmation of the 

In the latter series of experiments in addition to the filter-paper and superfine 
TarantuHe ”, strips of purified wood-pulp were used. 1 

anillin produced a pink colour on these materials when used with v- 

brimanrXt a b < Dhl0r - 0ailil 1 ine “ tbe Presence of potassium iodide, the most 
the effect be f§ Produced when both the sodium hydrogen phosphate and 

tllwSZ cl 6 T e empl i° yed m ChWani llin a similar p£k 

present alone^mrl a l° am u ne ^ °‘ < ; Illoroamllne when potassium iodide was 
Whe r f 0dmm hydrogen phosphate was used as well. 

, I,. 0 acid § a T e a sIl ght pink coloration in the presence of o- and v 

SSSJ “» present. ?t is possgle th“ thfi 

nayDemie to minute traces of vanillin m the vanillic acid. 

liberation o/iodi^^ 7^ gave indefinite results, owing to the 

occTred CUred any ° ther col °rations that might have 

-° f i a feint Pink eolOT ation with both o- and 
In Z n fe b y Ue - ES mdl ° ated above t0 minute traces of vanillin, 
time had to If f ex Penments it was found that frequently a considerable 

In no P case was V V PP f* ^ momentarily and rapidly disappeared, 
perature in the course of a "few days ^ ^ ^ ^ ° rdinar y tem ‘ 

2“ T tio, ' s of -ti»h 

test which has already been dr ^ ein ^ su ^ m itted to the chloramine 

— * 

. ekm r , »<* 
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vanillin nucleus or in the amino compound. These experiments were entirely 
negative. 

Hence the results indicate that : 

(1) potassium iodide (i.e. iodine) is essential to the reaction; 

(2) the presence of sodium hydrogen phosphate is without effect upon the 
reaction ; 

(3) an amine and chlorine must be present. 

The fact that an amine is essential to produce this coloration eliminates the 
possibility of its being due to an iodo- derivative of the substituted vanillin. 

The conclusion that must be drawn is that in these experiments most 
probably some kind of vanillal derivative is produced from the vanillin, chlorine 
and amine, similar to those prepared by Hann et al. [1929] and that it reacts with 
the iodine to produce a pink- coloured substance, though whether the compound 
is an additive or substituted one remains to he determined. The method of 
experiment introduces many variables including atmospheric oxidation of the 
amines, hut it was employed because it was to similar conditions that plant 
sections were exposed during the experiments made upon them. 

To elucidate the reactions that take place in plant material is a difficult 
matter, but with reference to the pink coloration produced in the chloramine re- 
action when employed with such material the following facts have been proved : 

(a) it is associated with vanillin and chlorine ; 

(h) it only appears when iodine is subsequently present. 

Although the cell-wall does not contain any appreciable amount of protein 
[Wood, 1926], its close association with the cell- contents, which are rich in 
ammo- compounds, renders these available for possible reactions. The experi- 
ments with chemical substances indicate that colorations are produced, when the 
conditions are such that a vanillal derivative might be formed, which, reacting 
with iodine, produces a substance resembling in colour and properties that 
appearing in the lignified tissues of some plants when treated with chlorine 
and subsequently sodium hydrogen phosphate and potassium iodide. 

The inference drawn is that most probably in this reaction chlorine acts 
upon the vanillin in the cell-wall, forming chlorovanillin which reacts with a 
chloramine or mixture of chloramines, produced from protein within the cell to 
produce a vanillal, which gives a coloured substance when iodine is present. 

Should the chlorine not affect the vanillin to any marked degree, probably 
vanillin itself may react with the chloramines from the cell- contents and still 
produce the coloration. 

It is possible that both series of reactions take place simultaneously. 

Having found some indication of the kind of substance producing this 
coloration, and the chemical experiments with filter-paper, ‘‘Tarantulle 5 ’ and 
wood-pulp showing that it is possible that the vanillin responsible is absorbed or 
at least very loosely united with some form of lignin as a base, experiments are 
now being carried out to investigate these points and the chemical nature of the 
base. 

Since it has been found that there is more vanillin in older than in younger 
tissues, and more in autumn than in spring xylem, the author suggests that this 
substance may he present as an excretory product, which is set free when the 
function of the tissues becomes more largely that of mechanical support. This 
upholds the theory that has been advanced that the vanillin present is either 
adsorbed upon the lignin base or only loosely associated with this base. 
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Summary. 

1. When investigating the origin of a pink colour produced in lignified tissue 
when the chloramine reaction is employed, differential tests for coniferin 
vanillin were made. 1 

. 2 - Experimental work is described in which it is shown that the coloration 

is not due to lignone chloride or to the products of chlorination removable hv 
sodium sul phite, that it is closely associated with the presence of iodine and a!w 
of lignin, but that the nature of the lignin itself is not concerned, so that the 
latter association is either very loose or the substance is encrusted on the Win 
It is shown that vanillin is present when the coloration is produced and tha t 
there is more vanillin in older than younger tissues, in autumn than spring wood 
m cortica! than m stelar sclerenchyma, and that it is naturally present in the 

observ a edeff e r C alcoho1 responsible for the 

3. Under similar conditions to those used with plant sections experiments 
were made with vanillin, ehlorovanillin, vanillic acid, vanillic acid treated with 
chlorine, and amines or chloramines, in which filter-paper, “Tarantulle” and 
wood-pulp were used upon which to “encrust” the compounds concernTd 
fndications were obtained that a vanillal derivative was formed which reacted 

tSmes° dlne ° FOdUCe a SimUarly CoWd substance to that obtained in plant 

ftj[- co “ cl f ion . drawn is vanillin, in loose association with some 
fonn of lignocellulose, is acted upon by chlorine producing a ehlorovanillin which 
mth the chloramines produced from protein within the cell forms a van^Ual 

5 Tbe^^mriu P / nk ' C ? l0ured substan ce in the presence of iodine. 
f +• ^possibility that vanUlin is an excretory product produced when the 

older tissues and in autumn wool 7 & * * TamlIm Predominates in 
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XL URICASE AND ITS ACTION. 

VII. SOLUBLE URICASE. 


By RICHARD TRUSZKOWSKI. 

From the Biochemical Laboratory, Faculty of Medicine, Warsaw University. 
(Received December 8th , 1933.) 

It has been shown in Parts II, III and IV [Truszkowski, 1930] of this series that 
tissue uriease is associated exclusively with the insoluble fraction of the tissues 
and that it is not extractable by aqueous solutions of p H 6-11, by aqueous 
glycerol or by other agents generally used for extraction of enzymes. 

Ro [1931] described a method of extracting uriease from tissues similar in 
principle to that of Wiecbowski and Wiener [1907], whereby he obtained ex- 
tremely active extracts. Ro’s method consists in the acetone precipitation of an 
aqueous extract of ox-kidney followed by repeated treatment of the precipitate 
with acetone, alcohol and ether. The white powder thus obtained yields uri- 
colytic solutions on extraction during an unspecified time with 0-125 "% Na CO 
solution. ' 2 3 

It was found by the present author that the dry preparation prepared in the 
with Na CO 61 yielde<1 aCtiVe filtmteS aft6r extraetion during 24 or 48 hrs. at 37° 

The possibility of obtaining soluble uriease by Ro’s method having thus been 
confirmed, the necessity arose of reconciling this finding with the negative results 
previously obtained. The differences between the two methods consisted hi the 

ktlnl y ’ + r ; e f dne , y tissue by Ro ’ in the presence of water-soluble 
SfXSw Sir k 8 ? “ 6 iT °F %C ° 3 S0lution for faction, instead of 
nnint r N w H *"??? ™ ed by the P resent author. With regard to the first 
point, it seemed improbable that the extractability of uriease could be affected by 

merely drying the tissues; the necessity of the alcohol-ether treatment should lie 
rather in removal from the tissues of some substance, probably lipoid which 

E?Vi e tSt°S T fre ? m SUeS ' AS t0 the SGCOnd P0int ’ has bee “ shown 
(fait IV ) that the water-soluble constituents are inactive in the fresh state- 

experiments described below show that the same applies to this fraction Ster 

treatment according to Ro’s method. Finally, extractions performed on fresh 

kidney tissue with aqueous Na 2 C0 3 were found to yield inactive filtrates. 

Experimental. 

„ r> -° c X ' bldney ur . lcase ^ as prepared by the method described in Part IV of this 
series. Uric acid was dissolved in boiling aqueous NaOH (65 ml. 0-1 N NaOH 
p g. uric acid) ; the solutions so prepared had p„ 7-5-7-8 Uric acid was de 

termmed by the method of Folin and Denis. uric acid was de- 

1 . Conditions of extraction . 

extmction^thp firS er + giV6S j etails as to ^he duration and temperature of 
xtraction, the first step was to determine these conditions. 1 o- of drv m-ndimt 

prepared according to his method was suspended in 100 ml. of 0-125 % Na 2 CO,, 
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1 ml. of toluene was added to ensure sterility, and the activity of the extract was 
determined after standing 1, 24 and 48 hrs. at 35° by adding 5 ml. of filtered 
extract to 10 ml. of 0*144 % sodium urate, with 1 ml. of toluene, and determin- 
ing uric acid after incubation at 35° during 18 hrs. ETo diminution in uric acid 
content was observed in 1 hr. extracts, 24 hr. extracts oxidised 6*1 mg., and 
48 hr. extracts oxidised 7*2 mg. of uric acid. The residue left after extraction still 
contains extractable uricase, as was shown by the following experiment. 1 g. of 
dry uricase was extracted during 48 hrs. at 35° with 100 ml. of 0*125 % Na 2 C0 3 , 
filtered, the extract stored in a stoppered flask with toluene and the residue 
extracted as before with a fresh portion of Na 2 C0 3 , the second residue being 
again extracted. 5 ml. of the first extract and 5 ml. of Na 2 C0 3 solution, and 
10 ml. of the second and third, were left at 35° during 18 hrs. with 10 mi. of 
0*13 % uric acid, after which uric acid was determined. 6*3 mg. of uric acid had 
been oxidised by the first extract, 5*4 mg. by the second and 1*0 mg. by the 
third, corresponding with an activity of 1*26 mg. per ml. of uricase in the first 
case, 0*54 mg. in the second and 0*1 mg. in the third. 

2. Comparison of activity of products and extracts. 

Hashed kidney tissue was shaken with 10 volumes of water, the suspension 
was filtered through cheese-cloth, and a part of the filtrate was treated according 
to Ro. The remainder- was centrifuged, the centrifugate was filtered and the 
filtrate treated with acetone, etc., by Ro’s method; the residue was shaken 
successively twice with alcohol and twice with ether and then air-dried at 30°. 
The various products thus obtained were extracted with 0*125 % Na 2 C0 3 , and the 
activity of the extracts and the suspensions in 0*125 % Na 2 C0 3 was determined. 

The products examined were: Exp. 1, I % suspension of residue (I) ob- 
tained after centrifuging the suspension (III) of kidney tissue; Exp. 2, the 


Table I. Comparison of activity of products. All flasks contain 10 ml. of 0-104 °j 0 
sodium urate and 10 ml. of uricolytic suspension , extract or 0-125 0 j o Na 2 COs * 





mg. 

uric acid 

A 


No. of 
Exp. 


After 18 hrs. at 35° 

— A 

After 42 hrs 

. A . 

>. at 35° 

Product examined 

f 

Found 

■ \ 

Oxidised 

f ■ 

Found 

Oxidised 

Control 

0*125 %Na 2 C0 3 . 

10-4 

— 

10-4 

— 

1 

1 % suspension of un- 
treated uricase (I). 

0-4 

10-0 

0 

10*4 

2 

Filtered centrifugate ( II) 
of tissue suspension 

(in). 

10*2 

0*2 

8*2 

2*2 

3 

1 % suspension of dry 
product (IV) obtained 
from (II). 

10*0 

0*4 

9*2 

1*2 

4 

0* 17 % suspension of dry 
product (V) obtained 
from (I). 

1*4 

9*0 

0 

10*4 

5 

0*17 % suspension of dry 
product (VI) obtained 
from (III). 

1*2 

9*2 

0 

10*4 

6 

1 % extract of (IV). 

10*4 

0 

10*4 

0 

7 

„ „ „ (V). 

0-6 

9*8 

0 

10*4 

8 

„ „ „ (VI). 

0*6 

9*8 

0 

10*4 

9 

6 % „ „ (I). 

10*0 

0*4 

9*6 

0*8 


64 


R. TRUSZKOWSKI 


filtered centrifugate (II) ; Exp. 3, a I % suspension of the dry product (IV) 
obtained by treating (II) according to Ro; Exp. 4, a 0*17 % suspension of the 
product (V) obtained by extracting 20 g. of (I) successively with two 200 ml. 
portions of 96 % alcohol, and with two 100 ml. portions of ether and drying at 
35°; Exp. 5, a 0*17 % suspension of the dry product (VI) obtained by Ro’s 
procedure; Exp. 6, 7 and 8, 1 % 24 hr. extracts of (IV), (V) and (VI); Exp. 9, 
a 6 % extract of (I). 1 % suspensions of (I) were compared with 0*17 % sus- 
pensions of (V) and (VI) in view of the fact that the dry content of (I) was about 
15 %, as compared with 95 % in (V) and (VI). 

It follows from the results obtained (Table I) that active products are ob- 
tained exclusively from material containing (I); i.e. uricolytic activity is 
associated exclusively with the insoluble parts of kidney tissue. The slight 
activity shown by the centrifugate and by extracts of (I) is ascribable to very 
fine, filter-passing particles of (1). A comparison of Exps. 1, 4 and 5 shows that 
the activity of (I) is very little affected by treatment with acetone, alcohol, ether 
and by drying. A comparison of Exps. 1, 7 and 8 shows that only a small part of 
the original activity of (I) is exhibited by the extracts, since the content of 
anhydrous material taken for extraction was 6 times greater in Exps. 7 and 8 
than that present in Exp. 1. Exps. 4 and 5, 7 and 8 indicate that the uri- 
colytic properties of Ro’s product are practically identical with those obtained by 
treating (I) with alcohol and ether. Finally, Exp. 9 shows that uricolytic ex- 
tracts cannot be obtained from (I) under conditions comparable with those of 
extraction of (V) and (VI). 

3. Simplified method of preparation of soluble uncase . 

The experiments described in the preceding section indicate that Ro’s 
technique is unnecessarily complicated and results probably in the inclusion of 
a certain proportion of inactive matter in Ms dry products. The steps which 
appear to be superfluous are: 1. allowing the kidney-tissue suspension to stand 
with thymol; 2. treating the suspension with acetone. The following procedure 
was adopted in place of Ro’s. Uricase is prepared as described in Part IV of this 
series, shaken during 2 mins, with 10 vols. of 96 % alcohol and rapidly filtered by 
suction ; the process is repeated once more with alcohol and twice with the same 
volume of ether, after which the product is allowed to dry at room temperature, 
or at 37°. It is important that residual ether be allowed to evaporate spon- 
taneously, without expressing on filter-paper, as the product obtained in the 
latter case is lumpy, black and yields relatively inactive extracts. The final 
product (this will in future be designated “dry uricase”) is a white, impalpable 
powder, containing 5 % of moisture, and can be stored indefinitely. The yields of 
dry uricase average about 10 g. per kg. of kidney, as compared with 100 g. 
obtained by Ro. It is difficult to understand how such high yields could have 
been obtained, as the average dry content of ox-kidneys does not exceed 
15-20 %, and by far the greater part of the raw material remains unsuspended. 
Moreover, of the solid matter of the suspension filterable through muslin, about 
10 % is represented by lipoids, removed during the alcohol-ether extraction, and 
a further 10 % is present as water-soluble extractives. It must therefore be 
considered that, whilst somewhat higher yields than those obtained by the 
present author might be obtained by finer comminution of the original tissues, 
yet in no case could yields much higher than 1*5 % of dry uricase be expected 
without considerable contamination by inert matter. Solutions of uricase are 
obtained under the conditions described in section I of this paper. 


URIOASE 


65 


4. Significance of lipoid extractives. 

The combined alcoholic extracts from 100 g. of uriease were evaporated to 
dryness under reduced pressure at 38°, when about 3 g. of a semi-solid, oily, 
yellow residue, completely soluble in chloroform, were obtained. The combined 
ethereal extracts, similarly treated, yielded about 2 g. of a dry, white residue, 
m.p. 52-54°, also soluble in chloroform; 1 g. of each residue was dissolved in 
100 ml. of ether, and 1 g. in chloroform. Three 0*2 g. portions of dry uriease were 
introduced into 100 ml. Erlenmeyer flasks, 5 ml. of the respective ethereal 
solutions or ether alone were added, and the ether was removed under reduced 
pressure at ;|> 37°. 20 ml. of 0*125 % Na 2 00 3 and 1 ml. of toluene were then 
added to each flask, their contents were filtered after 48 hrs., and the uricolytic 
activity of the extracts was determined as usual, taking 10 ml. of Na urate and 
2 ml. of filtrate. 

Table II. 

mg. uric acid 

After 18 hrs. After 60 hrs. 

at 37° at 37° 

No. of Solution added to < A * r— — % 

Exp. dry uriease Pound Oxidised Pound Oxidised 


1 

5 ml. ether 

3*4 

7*4 

0 

10*8 


2 

5 ml. ethereal solution of 
alcoholic extractives 

10*8 

.0 

10*8 

0 


3 

5 ml. ethereal solution of 
ethereal extractives 

10*8 

0 

10*8 

0 


4 

_ 

10*8 

— • 

10*8 

— 

Control : 10 ml. 
sodium urate, 2 ml. 


SUUUUIXl UtcliOt:, 11 

0*125 % Na 2 C0 3 . 


The results obtained (Table II) indicate that the extractives removed by 
alcohol and by ether prevent extraction of uriease by aqueous Na 2 C0 3 , i.e. 
uriease is fixed on the tissues by the agency of lipoid substances (Exps. 2 and 3) ; 
Exp. 1 shows that the results obtained are not ascribable to inactivation of 
uriease by ether. 

This conclusion as to the role of lipoids in the systems in question was 
further established by the following experiments. Three 0*5 g. portions of dry 
uriease were placed in three 100 ml. flasks; to one, 5 ml. of a 1 : 1 mixture of the 
chloroform solutions of the alcoholic and ethereal residues were added, to another 


Table III. 


No. of 

Solution added to 

mg. uric acid after 

24 hrs. at 37° 

* , 

Remarks 

Exp. 

dry uriease 

Pound 

Oxidised 

1 

5 ml. CHC1 3 

0*2 

9*0 


2 

” 

0*2 

9*0 

Lipoids added to 
filtrate 

. 3 

5 ml. CHCL solution of 
combined Et0H~Et 2 0 
extractives 

8*2 

1*0 


4 

5 ml. CHClg solution cont. 

5 mg. cholesterol 

2*6 

6*6 


5 

— 

9*2 


Control : 10 ml. 
sodium urate, 10 ml. 
0*125 % Na 2 C0 3 
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5 ml. of chloroform containing 5 mg. of cholesterol, and to the third 5 ml. of 
chloroform. As before the solvent was evaporated at 37°, and the dry residues 
were extracted by 25 ml. of 0-125 % Na 2 C0 3 during 48 hrs. at 37°. 10 ml. of 
each extract and 1 ml. of chloroform were then added to 10 ml. of sodium urate, 
and uric acid was determined after 24 hrs. at 37°; in addition, to a second 10 ml. 
portion of the extract of uricase to which lipoids had not been added, 1 nil. of the 
combined chloroform solution was added instead of pure chloroform. 

The above experiments (Table III) confirm those of Table II; the slight 
activity shown by the extract in Exp. 3 as compared with the analogous experi- 
ment of Table II is probably ascribable to the greater concentration of uricase 
(10 times greater). Exp. 4 shows that the action of tissue lipoids is not necessarily 
specific, as the activity of the extract is reduced by 27 % by 5 mg. of cholesterol 
(50 mg. of lipoids were present in Exp. 3). Finally Exp. 2 proves that the lipoids 
do not inactivate extracted uricase, i.e. that their action consists in preventing 
extraction and not in inactivating the enzyme. 

5. Properties of soluble uricase. 

The extracts of soluble uricase are clear or slightly opalescent, straw-coloured 
liquids, possessing an odour similar to that of aliphatic amines and foaming on 
shaking. On keeping, they become turbid but do not lose their activity. Quite 
definite protein reactions are obtained (Millon, Adamkiewicz, biuret), and the 1ST 
content amounts to 0*08-0*13 %. The p E of the extracts is invariably less than 
that of the original Na 2 C0 3 solution (p E 9*12). 

A preliminary survey of the properties of soluble uricase was made, pre- 
paratory to more systematic work. The first problem was that of further puri- 
fication by means of filtration. A suspension of 1 g. of dry uricase in 100 ml. of 
aqueous Na 2 C0 3 was allowed to stand during 24 hrs. at 35°, and 10 ml. of the 
well mixed suspension (I) were measured into a 100 ml. flask. The remainder of 
(I) was then filtered through filter-paper, 10 ml of the filtrate were taken for 
examination, and the remainder was filtered through a Berkefeld filter; finally, a 
portion of this filtrate (III) was passed through a Bechhold ultra-filter (filtrate IV) . 
10 ml. of sodium urate solution and 1 ml. of toluene were added to 10 ml. of the 
various preparations examined, and uric acid was determined after 18 hrs. at 35°. 


No. of 

Table IV. 

mg. uric acid after 18 hrs. at 35 

A 

Exp. 

Nature of preparation 

Found 

Oxidised 

1 

Control 

144 


2 

Suspension 

0 

14-4 

3 

Filtrate (II) 

6-6 

7*8 

4 

Berkefeld filtrate (III) 

7-0 

7*4 

7*4 

5 

ditto, 24 hrs. later 

7-0 

6 

ditto, refiltered 

9-0 

9-2 

5*4 

7 

ditto, 4 days later 

5*2 

8 

Bechhold filtrate (IV) 

9-5 

4*9 


Filtrates (III) and (IV) were water-clear but (III) became turbid on standing 
during 24 hrs. at room temperature, without, however, losing any of its activity 
(Fable I\, Exp. 5). Part of the activity is in the precipitate, as is shown, by 
Exp. 6, in which the Berkefeld filtrate of the turbid extract was examined. The 
clear, second filtrate again became turbid on keeping a further 4 days, with slight 
inactivation (Exp. 7). The Bechhold ultra-filtrate, obtained using a membrane 
impermeable to ovalbumin, exhibited moderate activity (Exp. 8). Protein 
reactions were given by all filtrates, in decreasing order of intensity. 
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6. Action of ammonium chloride and of methylamine hydrochloride on uric acid. 

In view of Sclrittenhelm and Ckrometzka’s [1927] contention that ammonia 
acts uncolytically, and of the ammoniacal odour of the extracts, it was thouo-ht 
desirable to iirv estigate the possibility that the activity of the latter might be due 
to ammonia or methylamine. With this object, a number of systems were set up 
consisting of 10 ml. of 0-1 % sodium urate, 10 ml. of 0-125 % Na,CO„ and 10 ml 
of 0-08 % NH 4 C1, or of 0-02 %, 0-04 % or 1 % GH 3 .NH^HC1. The uric add 
content, determined after 24 hrs. and 48 hrs. at 37°, remained constant, pointing 
to the non-identity of uricase with these substances. 

Discussion. 

From the biological point of view the most interesting phenomenon of those 
described above is that of the action of lipoids in preventing extraction of uricase. 
Whilst it would be premature to enter into a detailed consideration of the mode of 
action of lipoids in this connection, yet it appears from a number of investiga- 
tions now in progress in this laboratory that this binding action of lipoids is of 
considerably widei incidence than in the immobilisation of enzymes on tissues, 
evidence^ of its presence having been found in widely different biological pro- 
cesses. for the purposes of this paper, however, the conclusion may be drawn 
that biologically uricase acts as an insoluble enzyme. 

The preliminary survey of the properties of soluble uricase confirms Ro’s 
finding that uricolytic activity is indissociable from traces of alkali-soluble 
protein. This protein is of relatively 7 small molecular weight, as it passes freely 
through an unglazed porcelain filter and partly through a membrane impervious 
to ovalbumin, J? urther work on soluble uricase will be described in the succeed- 
ing parts of this series. 

SUMMABY. 

L Bo’s method [1931] for the preparation of soluble uricase lias been in- 
vestigated, and liis results have been substantially confirmed. 

2. The non- extract-ability of uricase from fresh tissues is attributable to the 
presence of lipoids; after them removal by the action successively of alcohol and 
ether, uricase may be extracted by dilute aqueous Na 2 CG 3 . 

3. A consequence of the above finding is that uricase acts in vivo as a contact 
catalyst. 

4. Dissolved uricase passes freely through Berkefeld filters, and partly 
through Bechbold filters, the membrane of which is impermeable to ovalbumin. 

t Uricolytic activity varies roughly in proportion to the intensity of the 
protein reactions of the solution. 

(). Aiiiiiioiiiuin chloride and methylamine hydrochloride have no uricolytic 
action; soluble uricase is therefore not identical with these substances. 

The author wishes to express his gratitude to Prof. St J. Przyt^cki for Ms 
helpful suggestions and criticism during the conduct of the above research. 
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Since the constitution of thyroxine has been known it has been generally 
assumed that the compound is formed in the organism by the oxidative coupling 
of two molecules of 3 : 5-diiodotyrosine. The likelihood of such a reaction was 
indeed already referred to by Harington and Barger [1927] in the consideration 
of the then unknown orientation of the iodine atoms in the thyroxine molecule, 
and the hypothesis was considerably strengthened by the demonstration by 
Harington and Randall [1929] of the actual occurrence of 3 : 5-diiodotyrosine 
side by side with thyroxine in the thyroid gland. 

Search which has been made in this and other laboratories for the possible 
existence of an enzymic mechanism capable of converting 3 : 5-diiodotyrosine 
into thyroxine has hitherto proved fruitless, so that direct biochemical evidence 
of the relationship of the two compounds is still lacking ; nor is the hypothesis as 
yet susceptible of proof by biological means. There remains however a line of 
chemical investigation which is described in the present paper and of which the 
results appear to be conclusive. 

It is evident that if thyroxine is in fact synthesised from 3 : 5-diiodotyrosine 
under biological conditions it must be configuratively related to the latter 
amino-acid and therefore also to tyrosine from which diiodotyrosine is un- 
doubtedly derived. A chemical synthesis of thyroxine from natural Z-tyrosine 
conducted by a series of reactions involving no racemisation and no possibility 
of a Walden inversion at any stage should lead therefore to the naturally occur- 
ring modification of thyroxine. 

Unfortunately a direct synthesis of thyroxine itself from tyrosine or 3:5- 
diiodotyrosine is not feasible ; on the one hand the halogenation of the thyronine 
nucleus in the 3 : 5-positions cannot be accomplished and on the other it is im- 
possible to carry out the phenyl ether condensation with a phenolic substance 
such as 3 : 5-diiodotyrosine which is substituted in the ortho- positions to the 
hydroxyl group. 

The problem has therefore had to he solved in an indirect manner. By a 
series of reactions to be described below it has been possible, starting from 
natural Z-tyrosine, to synthesise an optically active thyronine having [oc] 5461 
-4-13*3°. Now we had in our hands some Z-thyroxine which had been prepared 
by the resolution of dZ-thyroxine according to Harington [1928] and which had 
been shown by the work of Harington and Salter [1930] to be identical with the 
naturally occurring compound; catalytic deiodination of a sample of this 
Z-thyroxine yielded a preparation of thyronine having [a] 5461 + 12*2°. 
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There can thus be no longer any doubt of the stereochemical relationship of 
natural Z-thyroxine with natural Z-tyrosine, and on chemical grounds at least we 
may feel secure in advancing the hypothesis that in nature thyroxine is derived 
from tyrosine. q/ d . % ^ e _ 

The actual synthesis of d - thyronine from Z-tyrosine was carried out as follows. 
The ethyl ester of N -benzoyl- Z-tyrosine was condensed with 3 : 4 : 5-triiodonitro- 
benzene by boiling in methylethyl ketone solution with potassium carbonate to 
give ethyl a-benzamido- /3- [4- (3' : 5 , -diiodo-4'-nitrophenoxy)phenyl]-propionate 
(I). (The object of employing 3:4: 5-triiodonitrobenzene instead of the more 


N0 2 <^ yi +H0<^ ^>CH 2 .OH(NH.OC.C 6 H 5 ).COOC 2 H 5 

x 


N0 2 <^ /°\ / CH 2 ’ GH(NH * 00 • C g H 5^ • COOQjH 5 


Hydrolysis | Reduction 


NH a <^ 0 / ^>CH 2 . CH(NH . OC . C 6 H 5 ) . COOH 

j 

H 2 1 Pd — CaC0 3 

NH.O °\ /° H2 * CH < NH * 00 * C A) * C00H 

Diazotisation | Hydrolysis 


H0 <^ ^>0 


OH 2 .CH(NH 2 ).COGH 


II 


III 


IV 


obvious p-iodonitrobenzene is simply to improve the yield at the stage of the 
condensation; the subsequent removal of the 3' : 5' -iodine atoms offers no 
difficulties.) The ester (I) was hydrolysed to the free acid, which in turn was 
reduced with ferrous sulphate and baryta to the corresponding amino -compound 
(II); the latter was deiodinated by catalytic hydrogenation in presence of 
palladised calcium carbonate, and the resulting iodine-free amino-acid (III) was 
diazotised in dilute hydrochloric acid solution. The W-benzoylthyronine, which 
resulted on boiling the solution of the diazonium salt, was not isolated but was 
converted directly into d-thyronine (IV) by further boiling after the concentra- 
tion of hydrochloric acid had been increased to 5N. * q 

As already mentioned the thyronine obtained in this way had [a]^. + 13*3 , 
whilst a sample of thyronine obtained by the catalytic deiodination of Z- thyro- 
xine ([oc] 5461 - 3*5°) had [oc] 5461 + 12*2° ; a third sample obtained by deiodination of 
Z-3 : 5-diiodothyronine (itself related to Z- thyroxine) had [oc] 5 4 61 + 13*9°. 

Experimental. 

N -henzoyl-l-tyroswie ethyl ester. This compound was most conveniently pre- 
pared as follows. Z-Tyrosine ester hydrochloride (24-5 g.) was dissolved in the 
minimum amount of water; chloroform (200ml.) was then added and the 
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mixture cooled, to — 10°. The free ester was liberated by addition of 5 A sodium 
hydroxide (20 ml.) with vigorous shaking. Benzoyl chloride (14 g.) was then 
added in portions with shaking after each addition. The mixture was treated 
with 2N sodium carbonate (50 ml.) followed by a further equal amount of 
benzoyl chloride in portions. When evolution of C0 2 no longer occurred on 
shaking, the chloroform layer was separated, washed with water, dried over 
calcium chloride and evaporated; recrystallisation of the residue from a mixture 
of chloroform and light petroleum afforded 85 % of the theoretical amount of a 
product having m.p. 119°. 

Ethyl 0LBenzamido-^[4-(3' : 5'-diiodo-4'-nitrophenoxy)phenyl]propio7iaie (I). 
A-benzoyU-tyrosine ethyl ester (20 g. : 15 % excess) and 3:4: 5-triiodonitro- 
benzene (28 g.) were dissolved in methyiethylketone (200 ml.) ; freshly dried and 
finely powdered potassium carbonate (8*7 g.) was added and the mixture boiled 
under reflux for 18 hours. The. solution was filtered and the precipitate extracted 
with hot methyiethylketone; the combined filtrates were evaporated on the 
water-bath to a pasty residue which was triturated with cold water. The in- 
soluble portion which was somewhat sticky was collected and recrystallised 
from 95 % alcohol (1800 ml.). The yield was 17-2 g. (45 % of the theoretical). 

After re crystallisation from acetic acid the compound formed colourless 
prismatic needles, m.p. 189°. It had [oc ] 5461 — 1*8° (c = 3*05 in acetic acid; 2 dm. 
tube). (Found: N, 4-0; I, 37-3 %. C 24 H 20 O 6 N 2 I 2 requires: N, 4*1 ; I, 37*0 %.) 

<x.-Benzamido-fi- [4- (S' : 5* -diiodo-4' -nitrophenoxy)p)henyl]propio7iic acid. The 
above ester (16 g.) was suspended in alcohol (55 ml.); 5*1A T sodium hydroxide 
(5 ml.) was added and the mixture warmed on the water-bath with constant 
stirring; it became at first reddish in colour and more liquid; on further heating 
for a few minutes the colour disappeared and the consistency became thick 
and pasty. Water (200 ml.) was added and the mixture warmed until a clear 
solution was obtained; addition of hydrochloric acid precipitated the product, 
which was collected and crystallised from 70 % acetic acid. The yield was 
14*7 g. and a further 0*75 g. was obtained by dilution of the mother-liquor 
with water. 

For complete purification the acid was dissolved in methyiethylketone and 
the filtered solution evaporated; the residue w r as then again crystallised from 
70 % acetic acid. The compound formed colourless needles having m.p. 207°; it 
had [a] 5461 — 6*8° (c = 2*72 in acetic acid; 2 dm. tube). (Found: N, 3*9; I, 38*4. 
C 22 H 16 O e N 2 I 2 requires: N, 4*3; I, 38*6 %.) 

OL-Benzamido- ft- [4- {S' : 5' -diiodo-4' -aminophenoxy)phenyl\propionic acid (II). 
The nitro-aeid (11*7 g.) was dissolved in w r ater (120 ml.) with the aid of sodium 
hydroxide sufficient just to make the solution alkaline to phenolphthalein. The 
solution was added to a suspension of ferrous hydroxide prepared by mixing a 
solution of hydrated ferrous sulphate (30 g.) in water (150 ml.) with one of 
hydrated barium hydroxide (38 g.) in water (100 ml.) ; the mixture was heated on 
the water-bath for 10 minutes. It was then brought to the boil, treated with a 
slight excess of sodium sulphate and filtered hot ; the precipitate was extracted 
with boiling water and the combined solutions (about 1 litre) acidified with 
acetic acid and allowed to cool. The first crop amounted to 7*2 g, and a further 
2*2 g. was obtained by working up the mother-liquor; the total yield was there- 
fore 84 % of the theoretical. For analysis the acid was recrystaflised from 50 % 
alcohol (charcoal) from which it separated in colourless needles having m.p. 
197°. It had [oc] 5461 — 15*0° (c = 2*47 in a mixture of equal parts of N hydrochloric 
acid and alcohol; 2 dm. tube). (Found: N, 4*4; I, 39*8 %. C 22 H ls 0 4 N 2 I 2 requires : 
N, 4-5; I, 40-4 %.) 
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a ~Benzamido-P~[4~(4 f ~amdnophcnoxy)phenyl]propionic add (III). The preced- 
ing compound (9-75 g.) was dissolved in a mixture of N sodium hydroxide 
(280 ml.) and alcohol (200 ml.) and after addition of palladised calcium carbonate 
(15 g. [of. Harington, 1926]) the solution was shaken in an atmosphere of 
hydrogen. Uptake of hydrogen ceased at 778 ml. (corrected; about 10% in 
excess of the theoretical) ; the catalyst was filtered off' and washed with 50 % 
alcohol. Alcohol was removed from the combined filtrates by distillation under 
diminished pressure and the aqueous residue acidified with acetic acid. The 
product was collected and dissolved in boiling water (200 ml.) with the aid of 
sodium acetate; the filtered solution was treated at the boiling-point with 
hydrochloric acid to give maximum precipitation. The yield was 5*1 g. (93 % of 
the theoretical). 

For analysis the add was recrystallised from 50 % alcohol; it formed colour- 
less needles having m.p. 182*5°. It had [a] 5461 - 40*0° (c = 2*62 in a mixture of 
equal parts of N hydrochloric acid and alcohol; 2 dm. tube). (Found: N, 7*1 % ; 
O 22 H* 2 0 0.|N 2 requires: N, 7*4 %.) 

d -Thyronine (IV). The compound III (1*6 g.) was dissolved, in 0*3 N hydro- 
chloric acid (42*5 ml.) with the aid of heat; on cooling, the solution remained 
clear. Diazotisation was effected by the gradual addition, of powdered sodium 
nitrite (0*3 g.) the solution being stirred and maintained at 0° throughout and for 
15 minutes after the last addition; the diazonium salt crystallised in part. The 
mixture was diluted with water (40 ml.), and stirring was continued at 0° for 15 
minutes longer ; the whole was then transferred to a flask and boiled under reflux 
for 1*5 hours. An equal volume of concentrated hydrochloric acid was added and 
boiling continued for 6 hours more to effect hydrolysis of the benzoyl group. 
After cooling, the solution was diluted with an equal volume of water and ex- 
tracted with ether to remove benzoic acid. The aqueous layer was evaporated to 
dryness under diminished pressure, and the residue was taken up in water (about 
20 ml.) ; treatment of the hot aqueous solution with sodium acetate caused pre- 
cipitation of the amino-acid. The yield was about 0*5 g. 

The product was purified by dissolution in dilute sulphuric acid and repre- 
cipitation from the hot solution by addition of sodium acetate. It had m.p. 
249° (decomp.) and the m.p. was not affected by admixture with d-thyronine 
obtained from 2-thyroxine (see below). The amino- acid had [oc] 5461 + 13*3° 
(c = 0*75 in a mixture of equal parts of N hydrochloric acid and alcohol; 2 dm. 
tube). (Found: N, 5*0 %. C 15 H 15 0 4 N requires: N, 5*1 %.) 

d-Thyronine from l-thyroxine. 2-Thyroxine (0*075 g. ; [oc] 5461 — 3*5°) was 
dissolved in N potassium hydroxide (7*5 ml.) and shaken in an atmosphere of 
hydrogen after addition of palladised calcium carbonate (0*25 g.) ; at the con- 
clusion of the uptake of hydrogen the solution was filtered, acidified with acetic 
acid and evaporated on the water-bath ; the recrystallised thyronine amounted 
to 0*021 g. It had m.p. ' 247° (decomp.) and [oc] 5461 4- 12*2° (c = 4*12 in a mixture of 
equal parts of N hydrochloric acid and alcohol; 0*5 dm. micro-tube). (Found: 
N, 5*3 %. C 15 H 15 d 4 N requires: N, 5*1 %.) 

d -Thyronine from 1-5 ; 5-diiodothyronine. For further confirmation a prepara- 
tion of thyronine was made from 2-3 : 5-diiodothyronine which is itself known to 
be stereochemically related to 2-thyroxine [cf. Harington, 1928]. 2-3 : 5-Diiodo- 
thyronine (0*3 g. ; [oc] 546 i — 1*0°) was catalytically deiodinated in presence of 
palladised calcium carbonate (1 g.) ; the yield of thyronine was 0*128 g. and the 
product had m.p. 252° (decomp.) and [a] 5461 + 13*9° (c— 0*753 in a mixture of 
equal parts of N hydrochloric acid and alcohol; 2 dm. tube). (Found : N, 5*1 %* 
C 15 H 16 0 4 N requires: N, 5*1 %.) 
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Note on preparation of - un%i%o : pheiioxy )pJienyl(ilwni?ie . 

oc-Benzamido- /3- [4- (4' - aminophenoxy )phenyl]propionic acid (III) (0*5 g.) was 
boded under reflux for 4 hours with 20 % hydrochloric acid (10 ml.) ; the solution 
was cooled, diluted with water and extracted with ether to remove benzoic acid. 
The aqueous layer was evaporated to dryness under diminished pressure and the 
residue taken up in a little hot water. After partial neutralisation with sodium 
acetate the solution was boiled with charcoal and filtered and the filtrate care- 
fully neutralised to litmus. The product which separated on cooling was collected 
and recrystallised from boiling water from which it separated in colourless 
glistening needles. It had m.p. 239° (decomp.) and [oc] 5461 — 5*0° (c=l*2 in 0*5iV 
hydrochloric acid; 1 dm. tube). The compound was considerably more soluble 
than thyronine in water; it gave a very intense ninliydrin reaction without 
previous neutralisation with sodium acetate. (Found: N, 10*3 %. C 15 H 16 0 3 N 2 
requires: N, 10*3 %.) 
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XIII. THE COMPONENT FATTY ACIDS AND 
GLYCERIDES OF THE MILK-FAT 
OF INDIAN CAMELS. 



By DAS RAM DHINGRA. 

From the Forman Christian College , Lahore , Panjab University . 

(Received December 12th , 1933.) 

The component fatty acids and glycerides of the milk-fat of the camel have 
been studied in detail, in order to compare them, with those of the milk-fats of * 
the cow [Hilditch et al 1929; 1930; 1931], buffalo [Bhattacharya and Hilditch, 
1931 ], sheep and goat [Dhingra, 1933]. 

In north-western parts of India milk from camels is utilised as an article of 
diet by some tribes, but the fat is rarely extracted from the milk and used as a 
substitute for “ghee 55 (camel milk-fat is not included in the term “ghee” as 
defined in the Bombay “Adulteration of Ghee” Act). 

The milk-fat used in the present investigation was prepared by churning 
fresh milk from the animals, and after separating water and caseinogen from the 
butter, the fat was stored in vacuo in sealed amber glass bottles. The milk-fat was 
obtained in the month of March 1933, when the temperature range was 50°— 
80° F., from Gujranwala (Panjab) camels, which had been fed partly on green 
grass but mainly on the tree leaves of Zizyphus jujuba , Acacia speciosa and 
Acacia Arabica. The yield of the fat from different samples of the milk varied 
from 2-0 to 2*5 %. 

The general characteristics of the milk-fat are given in Table I. 


Colour 
Odour 
Sap. equiv. 

Iodine value 
Acid value , 
Reiehert-Meissl value 
Polenske value 
Kirschner value 
Setting -point 
Refractive index 


Table I. 

Almost wliite (cream tinge) 

Buttery, with a slight tallowy odour 
259-0 * 

40-8 

0-2 

16-4 

1-6 

14-3 

35-3 

1-4555 


The Beiehert-Meissl and Kirschner values of camel butter-fat are lower and 
the saponification equivalent is higher than corresponding characteristics of cow, 
buffalo, goat and sheep butter-fats, but the Polenske value is considerably lowei 
than that of the goat and sheep butter-fats and more nearly resembles that oi 
cow t and buffalo milk-fats. 

Component fatty acids of camel milk-fat* 

The method followed for the quantitative determination of the component 
fatty acids was that developed by Hilditch and Jones [I929]. On account of t le 
small amount of the fat available, the mixed fatty acids from -00 g. o a > on a 
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were employed for this purpose. The details of fractionation data are given in 
Table II, and the final results for the fat are summarised in Table III. 

Table II. 


(a) Acids volatile in steam. 

Acids 






Mean 

C 



A 

% 





equi- 

Buty- 

Ca- 

Capry 

- Ca- 


No. 

g- 

b.p. (° 0.) 

Pressure 

valent 

ric 

proic 

lie 

pric Oleic 

N-S 

1 

In aqueous solu- 
tion (4580 ml.) 


— 

0*90 

— 

— 

— — 

— . 

2 

In recovered ether 

— 

0*05 

— 

— 

— — 

— 


(1535 ml.) 








3 

4*99 

35-80 

Atmospheric 

— 

0*13 

— 

— 

— — 

— . 

4 

1*55 

80-140 

„ 

— 

0*65 

— 

— 

— — 

— 

5 

102 

141-142 

99 

— 

0*91 

— 

— 

— — 

— 

6 

1*22 

140-141 


95*7 

0*83 

0*39 

— 

— — 

— 

7 

0*88 

142-160 

99 

101*0 

0*42 

0*40 

— 

— — 

— 

8 

0*57 

100-110 

Reduced 

107*7 

0*14 

0*43 

— 

— — 

— 

9 

0*68 

112-122 

i9 

126*4 

— 

0*40 

0*28 

— — 

— 

10 

1*48 

Residue 

99 

183*2 

— 

— 

0*94 

0*14 0*21 

0*19 




(Iodine value 










13*0) 


4*03 

1*68 

1*22 

0*14 0*21 

0*19 




(6) Acids non - 

volatile in steam . 190 g. 






(Sap. equiv, 

. 261*9; Iod. val. 43*4.) 







Lead salt separation. 











Corresponding esters 

A 





g* 


0/ 

/o 


S.E. 

I.V. 




“Solid” acids S 71*6 

48*9 


276*1 

6*2 




“Liquid” acids L 74*8 

51-1 


274*4 

73*9 



(c) Fractionation of methyl esters. 

(i) Esters of “Solid” acids S. 

Primary fractions Refractionations 

a . A 


No. 

g. 

B.P./2 mm. 

sap. eq. 

in ] 

No. 

g* 

b.p./ 2 mm. 

sap. eq. 

"Tv. 






(S.11 

3*73 

120-156 

261*0 

2*3 





1 

S 12 

6*13 

155-157 

265*2 

2*8 

SI 

31*96 

130-162 

270*3 

4-0 -j 

Is 13 

4*47 

155-157 

267*9 

3*1 



| S 14 

4*27 

156-158 

273*0 

4*0 






Is 15 

5*68 

160-168 

276*1 

5*5 

S2 





IS 16 

2*40 

Residue 

283*9 

8*7 

4*81 

160-164 

283*4 

8*2 





S3 

4*45 

165-167 

290*2 

10*7 






S4 

3*71 

Residue 

297*8 

15*3 









(ii) Esters of “Liquid” acids L. 









£L11 

2*17 

95-133 

214*0 

26*8 






L 12 

4*10 

135-148 

250*7 

47*4 






L 13 

4*70 

148-155 

267*5 

59*7 

LI 

38*94 

95-180 

270*1 

70*2 - 

L 14 

5*12 

152-159 

270*3 

64*4 



l Lio 

5*13 

158-160 

281*9 

78*2 






L 16 

3*24 

158-161 

283*3 

83*9 






L 17 

4*80 

158-160 

295*8 

88*9 


3*85 

178-181 



.LIS 

3*20 

Residue 

295*1 

90*1 

L2 

296*3 

93*5 



L 3 

2*00 

181-182 

295*9 

94*2 






L4 

3*28 

Residue 

308*4 

84*6 







The presence of the ordinary A 910 -oleic and A 9 : 10, 12 : 13 -linoleic acids in the un- 
satnrated components of the fat was shown by the identification of a dihydroxy- 
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Table III. Summarised experimental data for fatty adds. 

Acids non-volatile Component fatty acids 

in steam 


Acid 

Butyric 

Caproic 

Caprylie 

Capric 

Laurie 

Myristic 

Palmitic 

Stearic 

Oleic 

Linoleic 

U nsaponifiable 



t — 


including 

Volatile 

Solid 

Liquid 

unsaponi- 

acids 

acids S 

acids L 

fiable 

3*9% 

47*0 % 

49*1 % 

% (wt.) 

2*10 

— 



2*10 

0*88 

— 

— 

0*88 

0*64 

- — 

— 

0*64 

0*07 

— 

1*36 

1*43 

— 

— 

4*56 

4*50 

— 

3-35 

3*93 

7*28 

— 

29*22 

— 

29*22 

— 

11*08 

— 

11*08 

0*11 

3*35 

35*34 

38*80 

0.*7 *7 

0*10 



O' l i 

0*14 

o • / / 

0*24 


excluding 
iinsapomiiable 


0 (wt.) % (mols.) 


stearic acid (m.p. 130°) and a tetrahydroxystearic acid (m.p. 172°) respectively 
from the products of oxidation of the dilute aqueous solution of the potassium 
salts of the acids from the penultimate fraction of the “liquid 55 esters. On 
hydrolysis of the residual fraction of the “solid” esters, stearic acid was identi- 
fied. 

For comparison, the molar percentages of the component fatty acids of one 
buffalo, two cow and one sheep milk-fats, along with those of the camel butter, 
are given in Table IV; while additional information may be gained from con- 
sideration of the combined amounts of the four groups of acids given at the foot 
of the Table. 

Table IV. Comparison of the molar distribution of the component 
acids of camel , cow , buffalo and sheep milk-fats. 


Cow butters 

, A , 

[Hilditch and Sleight- 


Buffalo 
butter 
No. 2 





Early 

Sheep 

[Bliatta- 



Autumn 

summer 

butter 

cliarya and 


Camel 

fed 

pasture-fed 

[Dhingra, 

Hilditch, 

Pat 

butter 

English I 

English IV 

1933] 

1931] 

Iodine value 

40*8 

41*3 

41*6 

32*1 

33*5 

Butyric 

5*9 

8*4 

8*9 

8*4 

• 11*0 

Caproic 

1*9 

3*5 

2*7 

5*4 

2*8 

Caprylie 

1*1 

2*7 

2*0 

5*8 

1*5 

Capric 

2*1 

2*9 

3*0 

10*1 

2*3 

Laurie 

5*7 

4*1 

4*7 

6*0 

3*3 

Myristic 

7*9 

7*2 

10*9 

11*8 

10*4 

Palmitic 

28*3 

27*1 

24*3 

20*4 

28*7 

Stearic 

9*7 

6*4 

5*4 

5*4 

9*3 

Arachidic 

— 

0*7 

— 

1*3 

0*7 

Oleic 

34*1 

33*9 

34*6 

22*2 

27*8 

Linoleic 

3*3 

3*1 

3*5 

3*2 

2*2 

Butyric -lauric 

16*7 

21*6 

21*3 

35*7 

20*9 

Myristie-palmitic 

36*2 

34*3 

35*2 

32*2 

39*1 

Stearic (-arachidic) 

9*7 

7*1 

5*4 

6*7 

10*0 

Oleic-linoleic 

37*4 

37*0 

38*1 

25*4 

30*0 


It is clear that camel milk-fat contains definitely less butyric acid than any of 
the other milk-fats in this Table. The caprylie and capric acid contents of camel 
milk-fat resemble those of the milk-fats of the cow and buffalo ; sheep and goat 
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milk-fats, it may be recalled, stand apart in their relatively high proportions of 
these two acids and in corresponding reductions in their contents of oleic and 
palmitic acids. The differences between the fatty acids of the camel milk-fat and 
milk-fats of autumn-fed and early summer pasture-fed English cows is not so 
marked as between those of the former and the milk-fats of the buffalo, goat or 
sheep. 

The low content of acids volatile in steam in camel milk-fat may partly be 
due to its xerophytic plant food, or as suggested by Dhingra [1933] in the case 
of goat and sheep butters, it may be mainly connected with the species of 
the animal. Possibly the amount of these acids decreases with the size and 
species of the animals in the decreasing order of sheep, goat, cow, buffalo and 
camel; but this conclusion requires further confirmation and for this purpose 
experiments are in progress. 

Component glycerides of the camel milk-fat . 

The glyceride structure of the fat was studied by separating quantitatively 
the fully-saturated glycerides present and by determining the component fatty 
acids in the latter, as described by Hilditch and Jones [1929] ; from the combined 
data for the component fatty acids of the whole fat and of the fully-saturated 
glycerides, the components of the mixed saturated-unsaturated glycerides 
present were deduced. 

The fat (250 g.) yielded after oxidation crude neutral products (69*9 g.), a 
portion of which (69*0 g.) was resolved by further purification into: (a) 56*2 g., 
acid value 0*3, (6) 4*5 g., acid value 16*1, and (c) acidic products, 8*3 g., acid value 
90*3. From this, the amount of fully- saturated glycerides in the original fat was 
determined to be 24*2 % (wt.) or 25*6 % (mols.), corresponding to an “associa- 
tion ratio’ 5 of 0*98 mol. of saturated per mol. of unsaturated acids in the mixed 
saturated-unsaturated glycerides. The component acids of the fully- saturated 
glycerides are made up as follows : 

Table V. 


% (wt.) % (mol.) 

( A , 

Acid (Excluding unsaponifiable matter) 

Butyric 3-4 8-9 

Caproie 1-0 2*1 

Caprylie 0-1 0*1 

Capric 2*1 2-8 

Laurie 2*2 2*6 

Myristic 18*4 18*9 

Palmitic 55*0 50*0 

Stearic 17*8 14-0 


As in cow, goat and sheep butter- fats, the proportion of fully- saturated 
components of camel milk-fat is a function of the relative amounts of saturated 
and unsaturated acids in the whole fat. The amount of the fully- saturated 
glycerides in the present case is somewhat less for a given ratio of saturated to 
unsaturated acids in the whole fat, than that in cow butters of somewhat similar 
iodine value. It will be noticed also that the ratio of saturated to unsaturated 
acids in the mixed saturated-unsaturated glycerides of camel milk-fat is some- 
what higher than that of cow butters. 
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Distribution of the fatty acids in the camel butter glycerides. 

The molar percentages of the different groups of fatty acids in the whole 
fat, and its fully- saturated and non-fully-saturated glyceride components are 
collected in Table VI. As in Table IV, the data for the milk-fats of two cows, 
buffalo and sheep are also added for comparison with the camel milk-fat. 


Table VI. Molar distribution of fatty acids in camel, cow, 
buffalo and sheep milk-fats. 

Cow butters [Hil- 
ditch and Sleight- [Bhatta- 
holme, 1931] chary a and 

Hilditch, 


Section 


Whole fat 


Fully- 

saturated 


Mixed satu- 
rated-un- 
satnrated 


Acids 

Butyric-lauric 
Myristic 
Palmitic 
Stearic (-arachi- 
dic) 

Oleic-linoleic 

[ Molar % F.S.G. 
Butyric-lauric 
Myristic 
Palmitic 
Stearic (-arachi- 
clic) 

Molar % F.S.G. 
Butyric-lauric 
Myristic 
Palmitic 
Stearic (-arachi- 
dic) 

.Oleic-linoleic 


Camel 

butter 

16*7 

7*9 

28*3 

9*7 

37*4 

25*6 

16*5 

18*9 

50*0 

14*6 


74*4 

16*6 

4*2 

20*8 

8*0 

50*4 


Early 
Autumn summer 
fed pasture 
English I English IV 


21*6 

7*2 

27*1 

7-1 

37*0 

29*1 

28*6 

13*2 

43*1 

15*1 


70*9 

19-0 

5-0 

20*9 

4*1 

51*0 


21*3 

10*9 

24*3 

5*4 

38*1 

27*2 

30-5 

15-1 

39*5 

14*9 

72*8 

18-3 

9*4 

18-7 

2*2 

51*4 


1931] 
Buffalo 
ghee. 
No. 2 

20*9 

10*4 

28*7 

10*0 

30*0 

34*0 

25*9 

9*2 

47*1 

17*8 

66*0 

18*5 

11*1 

19*2 

5*8 

45*4 


[Dhingra, 

1933] 

Sheep 

butter 

35*7 

11*8 

20*4 

6*7 

25*4 

36*8 

48*3 

15*9 

26*9 

8*9 


67*2 

28*4 

9*4 

16*5 

5*5 

4,0*2 


Hilditch and Sleightholme [1931] observed that the component acids of 
fully-saturated glycerides of six pasture-fed cow butter-fats, which differed widely 
in iodine value, were almost constant; but the corresponding data for camel 
milk-fat differ widely from all these, except that the percentage of stearic acid 
reaches a figure of about 15 % in camel and also in most of the cow milk-fat 
fully-saturated glycerides. The main differences between the two classes of fully- 
saturated glycerides are thus the lower percentage of the butyric-lauric acid 
group and the correspondingly higher proportions of myristic and palmitic acids 
in the ease of the camel butter-fat. The differences between the components of 
the fully-saturated glycerides of the milk-fat of camels and those of goat, sheep 
and buffalo butter-fats are much more marked. , 

The percentages of the components of the mixed saturated-unsaturated 
glycerides of camel milk-fat are on the whole similar to those of the six pasture- 
fed cow butters and, to some extent, to those of buffalo ghee; but they differ 
from those of goat and sheep milk-fats in showing a lower percentage of the 
butyric -lanric group of acids and a correspondingly higher propor ion o un 
saturated acids. 
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Summary. 

The fatty acids of the milk-fat of the camel differ from those of cow, buffalo, 
goat and sheep milk-fats in a lower content of fatty acids volatile in steam. 
Camel milk-fat can to a great extent be distinguished from the milk-fats of other 
animals by its lower Kirschner and Reichert-Meissl values. The amount of the 
lower fatty acids is in decreasing order in the milk-fats of the sheep, goat, cow, 
buffalo and camel. 

The content of the fully-saturated glycerides in camel milk-fat is a function of 
mean unsaturation, like that of the milk-fats of other animals. The component 
fatty acids of the fully-saturated glycerides of camel milk-fat are in somewhat 
different proportions to those in the milk-fats hitherto studied. The composition 
of the fatty acids of the mixed saturated-unsaturated glycerides of camel milk- 
fat is little different from that of most cow and buffalo butters, but more so from 
that of goat and sheep milk-fats. 

From the point of view of general properties and of the component glycerides 
present, there seems no reason why camel milk-fat should not be used as a 
substitute for cow, buffalo, etc., milk-fats. 
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XIV. A MODIFIED SPECTROPHOTOMETRIC 
METHOD FOR THE ASSAY OF CAROTENE 
AND VITAMIN A IN BUTTER. 


By ALBERT EDWARD GILL AM. 

From the Department of Organic Chemistry , University of Manchester. 

[Received December 19th , 193S.) 

In a previous investigation [Gillam et ah, 1933] a spectrophotometric method was 
developed for the evaluation of carotene, xanthophyll and vitamin A in butter. 
This involved the separation of xanthophyll from carotene by the well-known 
partition between methyl alcohol and light petroleum, but although necessary 
for an original research, it was felt that this method could now be considerably 
shortened for routine purposes. Experience shows that the carotene : xantho- 
phyll ratio in butter averages 14 : 1 by weight, a fact which, as will be seen later, 
permits of the approximate estimation of the relatively unimportant xanthophyll 
without actual determination. 

The spectrophotometric evaluation of carotene and xanthophyll depends on 
the fact that each of these substances exhibits a group of absorption bands in the 
visible region of the spectrum, the principal one occurring at 463 m/x for carotene 
and 455 m/x for xanthophyll (in chloroform solution). The amount of either caro- 
tenoid present in a solution containing only one of them is proportional to the 
intensity of its particular absorption band. 

The' following table shows the average light absorptive power (which is 
related to the yellow colour) of the carotene and xanthophyll fractions of some 
70 samples of English butter, arranged in six sets but actually representing 
twenty small groups of cattle, of several pure breeds. 






% of total 
absorption 



d U' butter g 

dry butter due 

due to 


No. of 

to carotene 

to xanthophyll 

carotene 

Group 

samples 

(463 m/x) 

(455 m/x) 

(460 m/x) 

A 

11 

0-00522 

0-000348 

93-8 

B 

9 

0-00395 

0-000285 

93-3 

C 

10 

0-00878 

0-000468 

94-9 

D 

8 

0-00526 

0*000333 

94-1 

E 

24 

0*00502 

0-000371 

93-1 

F 

_8 

0-01159 

0-000391 

96*7 


70 


Average value 94-0 


* E ] = log 1JI for a 1 cm. layer of a solution equivalent to 1 % of dry butter, I 0 = the intensity 

of the incident light, and I =the intensity of the transmitted light. 

Allowing for the slightly different intensities of absorption of carotene and 
xanthophyll 463 m/x= 1900 for carotene, and E\h 456m/i=1700 for xan- 
thophyll (lntein), when chloroform is the solvent) this absorption ratio of 94 . o 
becomes 14 : 1 for the ratio of carotene to xanthophyll by weight in butter. 
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These results, and the individual analyses from which they were summarised, 

Sh Ta) th On the average, 94 % of the light absorption of hutter-unsaponifiahle 
matter in chloroform^ 455-460 is due to carotene, the remainder being due 

to xanthophylL ^ ^ imiividual gamples ap p rox imate to this mean value, and as 

xanthophyll is only a minor constituent of the butter pigment, small departures 
from constancy do not affect the resulting carotene percentage seriously, if the 
xanthophyll is estimated at approximately 6 % of the total yellow colour, instead 

° f The g e a sWtion e of r ^ Smfarotene value at approximately 94 % of the total 
vellow colour of the butter, makes it possible to modify considerably the method 
of evaluation of carotene and vitamin A previously developed, with advantages 
which more than offset any error likely to occur through departures from con- 
stancy in the carotene : xanthophyll ratio. . , , - 

(а) The elimination of the xanthophyll determination removes the need for 
the partition between light petroleum and methyl alcohol, with consequent 

saving of much time and material. , mm 

(б) The spectroscopic work is reduced to half because the unsaponinable 
matter is examined as a whole instead of in two separate fractions. 

(c) The accuracy of the method is increased by the much reduced handling of 
material well-known to be labile, as well as by the evaluation of the vitamin A m 
one fraction, instead of adding two results (and therefore two errors) together 

(d) The weight of butter required for the determination can be reduced, 
making a further economy in time and material. 

Baumann and Steenbock [1933] have recently reported the results of an 
examination of fourteen American butters consisting of bulked samples repre- 
senting the butter obtained in their particular district in each month of the year. 
They used a spectrophotometric method for both the carotene and vitamin A 
determinations but did not consider it necessary to correct their carotene values 
for xanthophyll. They pointed out, however, that in the case of the unsaponifi- 
able matter of one particular August butter, approximately 95 °/ 0 of the pigment 
was not extractable from light petroleum by methyl alcohol, and moreover, its 
absorption spectrum was characteristic of carotene. Thus the value they found 
for the carotene : xanthophyll ratio in this particular butter is very close to the 
value here shown to be the average of a large number of butters. 


The modified procedure. 

Preparation of the unsaponifiable matter. A weighed portion of the butter 
(100 g. of winter butter, or 25-50 g. of summer butter or half quantities if the 
antimony trichloride test is not being used) of known moisture content, is 
saponified for half an hour with a slight excess of colourless 20 % alcoholic 
potash, and the soaps are poured into about three volumes of water 1 . The solution 
is extracted with ether until no more colour is removed, the extracts being bullied 
and washed carefully with several portions of water. The whole of the washed 
ether extract is then freed from solvent by evaporation in nitrogen. If the spec- 
troscopic examination is not to be carried out at once this evaporation should be 
completed in a brown glass ampoule, the residue being finally sealed off in 

1 The colourless alcoholic potash recommended is obtained by using alcohol which has been 
previously boiled over, and distilled from, either metallic sodium or caustic soda. 
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nitrogen. Otherwise, the residue is dissolved in chloroform, made up to 10-20 ml. 
in a graduated flask and examined immediately. 

Determination of the carotene. The solution now represents a known weight of 
butter per 100 ml The intensity of absorption at 455-460 w,/x is measured either 
photographically, using an apparatus such as the Hilger E3 quartz spectrograph 
with a suitable photometer, or visually, using a spectrophotometer of the type of 
the Hilger-Nutting instrument 1 . 

We have found the visual method to be the better of these two, as there is less 
danger of destruction of the carotenoids by the ultra-violet rays of the light 
source (where an arc or spark is used with quartz apparatus) in the photographic 
method. 

The value so obtained is expressed as E\°l^ nttGV at 455-460 m/x and the absorp- 
tion due to carotene is taken as 94 % of this value. To calculate the percentage 
of carotene in the butter, use is made of the fact that 463 m/x (CHC1 3 ) = 1900 

for pure carotene [Gillam et at., 1932]. The result is conveniently expressed as 
mg. carotene per 100 g. dry butter. 

Determination of the vitamin A. 

(а) By means of the ultra-violet absorption band. It is now generally accepted 
that the absorption band at 328 m/x shown by certain fish-liver oils [Morton and 
Heilbron, 1928] is a definite property of vitamin A. This is also exhibited by 
butter [Morton and Heilbron, 1930] and provides a means of evaluation of the 
vitamin A content. In the case of butter-unsaponifiable matter the absorption at 
328 m/x is a summation of that due to vitamin A together with the smaller con- 
tributions due to carotene and xanthophyll. We have found that the absorption 
due to carotene plus xanthophyll, at 328 m/x, is given by dividing the observed 
value of Ellin, for these substances at 455-460 m/x by the factor 6*5. This correc- 
tion is usually of the order 10-25 % of the gross absorption at 328 m/x. From 
the value of ^]° c ^ butter at 328 m/x, due to vitamin A, it is possible to determine 
the vitamin A content in mg. per 100 g. dry butter by making use of the value 

= 1600 given by Carr and Jewell [1933] for their richest concentrate. This 
value may need correction if vitamin A is concentrated further (cf . Karrer and 
Morf [1933], who have prepared a concentrate of E\^ (328 m/x) = 1700). 

(б) By the spectroscopic blue test with antimony trichloride. If the solution of 
butter-unsaponifiable matter is treated with antimony chloride in chloroform the 
blue colour formed is largely due to vitamin A, but some small part is also due to 
carotene and, to a lesser extent, to xanthophyll. If, however, the intensity of 
absorption of the blue solution is determined at 585 m/x with a visual spectro- 
photometer, according to the technique already described for liver oils [Heilbron 
et al, 1931] and applied to butters [Gillam et al, 1933], the value so obtained can be 
regarded as being due to vitamin A and carotene only, the xanthophyll value 
here being negligible. As therefore the absolute carotene value is known from 
the direct absorption and as the blue value of pure carotene is also known 
( E } ^ 585 m/x = 420) , it is possible to calculate the contribution due to carotene. The 
difference gives the blue value due to vitamin A in terms of E l at oS5m/x, 
and as the purest distillates have a value E\°^ 585 m/x -2600 [Heilbron el al, 
1932] in chloroformic antimony trichloride, the vitamin A content can be 

1 Although pure carotene has its principal absorption band at 463 m/x for chloroform solution, 
in the presence of butter-unsaponifiable matter this lies nearer to 455 m/x. The intensity of ab- 
sorption however is not perceptibly altered by taking the measurement anywhere between 455 and 
460 m/x. 
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, . i An „ hnftfr The results obtained in this way are always 

calculated m mg. per 10U g. • original butter of substances which 

low, apparently omngtc ! -^eement with the findings of 

S* who 2'™' thTfte blue values of butter (in Loviboud 

S?e^b t SeSbfe inhibition and that the inhibition shows . seasonal 


variation. soectroscopic modification of the antimony tri- 
in view of these facts P ,P o-eneral determination of the vitamin 

chloride blu f es ^ s n0 b r t e - t °“ included here a°s a secondary test if for any reason, 
fur^p^’ceofunsaponifiable artificial colouring matter, the ultra- 
violet absorption spectrum method ls^nterere^wi^^^^ ^ o£ gome 70 

EngthXSlniSfgS^ of wLL samples yields the following data 
(obtained by the full method) : 

mg. per 100 g. dry butter 


r 

Carotene 

Xanthophyll 

Vitamin A 

in International 

(1900 basis) 

(1700 basis) 

(1600 basis) 

units per g. 

0-327 

0-024 

0-473 

11-1 

0-88 

0*075 

0-922 

24-2 

0-025 

0-003 

0-158 

2-9 

0-60 

0-029 

0-72 

18-0 

0-272 

0-0227 

0-420 

9-7 


Estimated growtli- 


Mean values 
(70 samples) 

Maximum 
Minimum 

Mean value cows at 
grass (12 samples) 

Mean value stall-fed 
cattle (58 samples) 

poten 

values are available. 

In connection with the application of this method the following points should 

rill values recorded were obtained on unsalted butters and are expressed 
on dry butter-fat. To obtain comparable results on salted butter the water anc 
salt should be estimated and the carotenoid values calculated on the butter-fat. 

(6) The majority of these butters were made from the milk of pure-bred 
Shorthorn cows, with a sufficient number of samples from pure-bred Ayrshire 
and South Devon herds to show that the carotene : xanthophyll ratio applies 
approximately to these also. A few unclassified samples have also been tested 

(cf When butters contain added colouring matter, any method for carotenoid 
determination depending on yellow colour will give faulty results, hence the 
treatment will need modification according to the nature of the colouring matter. 
If this should interfere with the absorption spectrum determination of vitamin A, 
the antimony chloride test can be called into service. 

Summary. 

L Values for the carotene, xanthophyll and vitamin A contents of seventy 
English butters have been obtained spectrophotometrically. Mean values are 

recorded. . 

2. It is shown that, on the average, the ratio of carotene to xantiiopiiyll in 

butter is 14 : 1 by weight. 
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3. It is further pointed out that if 94 % of the light absorption of butter-un- 
saponifiable matter at 455-460 m/x is taken as being due to carotene, the results 
on individual samples are sufficiently close to those actually determined after 
removal of the xanthophyll to justify the approximation by the economy effected 
in time and material. 

4. The spectrophotometric method previously developed for the determina- 
tion of carotene and vitamin A in butter has been improved for routine purposes. 
Full details of the modified method are given. 

My thanks are due to Prof. I. M. Heilbron for his interest and support, to Dr 
R. A. Morton for the use of his laboratory and to the Staff of Messrs Imperial 
Chemical Industries, Ltd., Agricultural Research Station, Jealott’s Hill, for their 
invaluable collaboration. 
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L THE COMPOSITION AND CHEMICAL PROPERTIES 
OF THE NUCLEOTIDE. 

The presence of an adenosinetriphosphoric acid in mammalian skeletal muscle 
was discovered independently by Fiske and Subbarow [1929] and Lehmann 
[1929]. Barrenscheen and Filz [1932] have recently suggested that the labile 
phosphoryl linkages in this nucleotide are at least in part with the NH 2 of the 
adenine, their opinion being based mainly upon the difficulties associated with 
the deamination without dephosphorylation (of the loosely bound phosphorus) , 
whether this is brought about by chemical or by enzymic processes. From an 
examination of their acid hydrolysis experiments it is evident that the nucleotide 
which they had prepared from skeletal muscle behaved differently from pure 
adenosinetriphosphoric acid for, even after 1-3 hours’ treatment w T ith N 
HC1 at 100°, only 80-85 % of the loosely bound phosphoric acid was set free, 
while the same compound prepared by others readily gives off completely two of 
the three phosphoric acid molecules within ten minutes under the above con- 
ditions. From a study of the acid hydrolysis curves of nucleotides certain im- 
portant differences in the nature of the linkages in purine nucleotides of different 
origin may he readily observed. Even in the cases of the adenosinemonophos- 
phoric acids of yeast and muscle, it is evident that there is a characteristic 
difference in the firmness of the single phosphoryl linkage with an alcohol group 
of the pentose. Thus the phosphoryl linkage of the yeast derivative can be readily 
broken by acid hydrolysis, while those of the muscle compound audits deaminated 
derivative, inosinic acid, offer a much greater resistance [Levene and Jorpes, 
1929]. The- position of the phosphoric acid linkage in the muscle derivatives 
has been definitely established, namely to the terminal alcohol group of the 
ribose (C 5 ), while that of the similar linkage in the adenylic acid of yeast 
is probably the same as in guanylic acid [Levene and Harris, 1932] namely 
to C 3 of the ribose. The lability of the phosphoryl linkage in the yeast 
derivative is of much the same order as that of the two loosely bound 
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phosphoryl groups in adenosinetriphosphoric acid (a.t.p.) of skeletal muscle. The 
ease with which the labile linkages in the latter may be broken is shown in 
Embden J s method of preparing adenylic acid from muscle, when under the 
action of Ca(OH) 2 at room temperature the original molecule loses two of the 
three phosphoric acid molecules. As will be seen later the nucleotide of cardiac 
muscle shows certain characteristic differences from that of skeletal muscle, due 
to the number and possibly also the position of the phosphoryl linkages. It is 
necessary always to bear in mind that the methods employed in separating the 
salts of these nucleotides may give rise to alterations in the character of the 
linkages, Fischer [1914] in Ms investigation of synthetic theophylline glucoside- 
phosphoric acid referred to the ease with which the phosphoryl linkage might be 
altered with reaction, thus the original monobasic acid with two of the OH 
groups of the phosphoric acid fixed to alcohol groups of the glucose might readily 
be changed to a dibasic acid with one only of the OH groups fixed to a single 
alcohol group. 

In this communication special attention will be directed to the adenyl 
nucleotide in cardiac muscle, but it will be necessary to compare it with the 
closely allied substance met with in skeletal muscle. There are only two definite 
references, both very brief, to the adenyl derivative of heart muscle. One of 
these is by Lohmann [1931] in which the following characteristics of this body 
are just mentioned. The barium salt on neutral hydrolysis was found to furnish 
adenylic acid and pyrophosphoric acid, and the ratio of the loosely bound to the 
firmly bound phosphorus was found to be 1:1, instead of 2:1. The second 
reference occurs in a paper by Deutieke [1932] dealing with the action of the 
heart nucleotide on the uterus of the guinea-pig, in which he briefly mentions a 
statement made by Embden at a congress in Wiesbaden in 1932 to the effect that 
the substance is probably a dinucleotide consisting of one molecule of adeno- 
sinetriphosphoric acid and one of adenosinediphosphoric acid in which the ratio 
of N : P is therefore 10 : 5. Ostern and Mann [1933], dealing with the deamina- 
tion process in heart-muscle, refer briefly to the statements made by Lohmann 
and Embden, but they did not themselves analyse the compound. 

Evidence may be obtained very readily of the presence in heart-muscle of a 
substance possessing approximately two labile H 3 P0 4 molecules to one firmly 
bound. Thus in the trichloroacetic acid extract of the muscle without separation 
of the substance, as also in the calcium hydroxide precipitate and in the mercuric 
acetate precipitate, the existence of such a substance is easily shown. When, 
however, further purification of the nucleotide is carried out in the way to be 
described, certain differences between the skeletal and cardiac derivatives 
become evident. The method of separation of the silver salt follows, generally 
speaking, the procedure originally adopted by Fiske and Subbarowfor the skeletal 
muscle derivative, but their description is very brief. 

Preparation of the silver salt of the cardiac nucleotide. 

The same salt may he obtained from the hearts of the rabbit, cat, dog and ox, 
but in order to obtain larger quantities it is advisable to use the heart of the 
horse. The heart was removed immediately after death, the cavities being slit 
open and washed out with normal saline solution. The whole organ while still 
showing fibrillary contractions was placed in a large basin surrounded by freezing 
mixture and immediately taken to the laboratory for extraction. The more 
muscular parts were removed and minced. In this way about one kg. of muscle 
could be obtained, which was then extracted with two volumes of 5 % tri- 
chloroacetic acid, filtered, neutralised and again filtered. About two litres of 
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protein-free extract were obtained. Acetic acid was added up to 2 / Q and then 
saturated mercuric acetate solution in 2 % acetic acid until precipitation was 
complete. The deposit was separated by centrifuge and after washing with weak 
mercuric acetate solution the mercury was removed by H 2 S and the latter by 
aeration. This solution was found to contain per g. muscle; total P 5 0*029 mg.; 
p as orthophosphoric acid, none ; P as orthophosphoric acid after hydrolysis for 
10 mins, with N HOI at 100°, 0*02 mg. The solution was then concentrated in 
vacuo at 40° to a volume of approximately 150 ml. To this 20-30 ml. 20 % CaCl 2 
and ethyl alcohol slightly acidified with HC1 were added until precipitation was 
complete. The precipitate, after repeated solution and reprecipitation, was 
finally washed free from chlorine by 50 % 70 % and finally absolute alcohol. 
After drying, the salt was dissolved in weak nitric acid and 10 % AgN0 3 added 
until the separation of the crystalline salt was complete. The precipitate was 
thoroughly washed with weaker alcohols and then with ethyl alcohol and ether 
and finally dried in vacuo at 80° over P 2 0 5 . 

The yields from heart muscle were always much less than from skeletal 
muscle. The silver salt of the nucleotide in skeletal muscle was prepared in the 
same way. 

Attention was directed especially to the estimation of the total nitrogen and 
phosphorus, the ribose and the silver. 

Methods of analysis . 

Nitrogen ; by micro-Kjeldahl. 

Phosphorus ; by Fiske and Subbarow’s method. 

Ribose ; the method employed was to determine the reducing value by Hage- 
dorn and Jensen’s method after half an hour’s hydrolysis at 100° with N HC1 to 
break the glucosidic linkage. Levene in his determinations of the pentose in the 
purine nucleotides found that the maximum reducing power was reached after 
about half an hour’s acid hydrolysis and that the yield reached about 96 % of the 
theoretical value. He determined the reducing value of pure d-ribose and found 
it to be (by Hagedorn and Jensen’s method) 87*5 % of the glucose value. Our 
calculations of the ribose value are based upon these data given by Levene. The 
furfuraldehyde yield was also determined and was always found to be higher 
using the method of Andrews and Milroy [1933] than with the Hoffman method. 

Silver was estimated by the usual thiocyanate method. In all cases the silver 
salts analysed were free from inorganic phosphate. As will be seen the analyses 
of the silver salt of the skeletal muscle derivative correspond closely to a salt with 
the formula C 10 H 13 0 13 N 5 P 3 Ag 3 . 

From Lohmann’s electrotitration curves [1932] the acid appears to possess In 
its unbroken form four acid valencies, three primary and one secondary. In the 
silver salt two of the three silver atoms seem to be taken up by the primary acid 
groups in the labile diphosphoryl linkage and the other by the primary acid OH 
of the stable phosphoric acid linked to the terminal alcohol group in the ribose. 
If the acid be regarded, as appears probable, as tetrabasic with a labile anhydro- 
diphosphoryl linkage, the above formula includes one molecule of water. 



Calculated for 

Pound 


610 H 13 O 13 N 5 P 3 Ag 3 

r 

^ ^ 


(827-84) 

Spec. 1 

Spec. 2 


0/ 

/o 

0/ 

/o 

0 / 

/O 

N 

8-46 

8-62 

8*29 

P 

11-24 

11-18 

11-08 

Ribose 

18-12 

18-00 

17-78 

Silver 

39-09 

39-12 

38-85 
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The above are the analyses of the silver salts of two specimens of the skeletal 
derivative obtained from different sources. 

The salt therefore corresponds to one with N : P=5 : 3 and the agreement 
with the calculated values for silver and ribose is fairly close. 

When the analyses of the cardiac derivative are examined such an agreement 
with an adenosinetriphosphate is no longer evident. For comparison with other 
possible nucleotide forms, the values found are to be compared not only with the 
silver salt of adenosinetriphosphate (I), but also with the theoretical values for a 
corresponding adenosinediphosphate (II) and for a dinueleotide consisting of an 
equimolecular mixture of these two (III) . 

Calculated for 


I 

II 

III 



C\ 0 H 13 O 13 N 5 P 3 Ag 3 

Ci 0 H 13 OioN 5 P 2 Ag 2 

26^23-^lO^B^S 5 

(1468-78) 


Found 

(827-84) 

(640-94) 

Spec. 1 

Spec. 2 

0/ 

.0 

% 

o/ 

10 

0/ 

/ 0 

0/ 

JO 

8-46 

10-92 

9-53 

9-60 

9*51 

11-24 

9-67 

10-56 

9*92 

10-00 

18*12 

23-40 

20-43 

19-80 

19-50 

39-09 

33-66 

36-72 

34-82 

35-40 


N 
P 

Ribose 
Silver 

Specimens I and II have N : P= 10 : 4-7 in place of 10 : 5 and the silver values are 
below the theoretical for such a dinucleotide. The salts are however much more 
closely allied to a mixture of one molecule of adenosinetriphosphate with one of 
the diphosphate than either of these in the pure form. That the labile phosphoryl 
linkages in the cardiac muscle derivative differ slightly from those in that of the 
skeletal muscle is evident from the results of hydrolysis with N HC1. Moreover 
one of the three labile phosphoric acid molecules may be set free on precipitation 
of the dinucleotide as a lead salt, giving then an adenosinediphosphate with a 
ratio of labile to stable P of 1 such as Lohmann observed. An example of this 
change having taken place may be given. A portion of the calcium salt of the 
cardiac derivative (0*2 g.) after removal of calcium was precipitated with normal 
lead acetate, the lead salt decomposed in the usual way and the solution made 
up to the same volume as before precipitation. The phosphorus distribution 
before and after precipitation by lead was as follows (mg. P per ml.). 

Orthophosphoric acid 

After 10 mins, acid hydrolysis 

Total 

In the solution prior to precipitation with lead 61 % of the total P was set free 
on acid hydrolysis (N HC1), corresponding therefore to 3 labile to 2 stable 
groups as in an equimolecular mixture of the tn- and di-phosphates If the 
solution had contained the triphosphate alone, 66 % of the total P would have 
been in labile form. 

Jlcid hydrolysis of the cardiac nucleotide . 

In all such hydrolysis experiments with N HC1 special attention requires to 
be directed to the amounts of inorganic phosphate set 

10-30 mins., because, subsequent to the setting free of ^ he l ^ i nncleotidcs as 
hydrolysis of the stable P is very slow and for all such adenyl nucleotides as 

occur in muscle fairly constant. 


Before 


After 


nil 

0-064 

orthophosphoric 

0*064 

0-177 

0-177 

labile 

0-113 

0-290 

0-290 

stable 

0-113 
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The procedure adopted was as follows. One ml. of the solution containing a 
known quantity of the cardiac (or skeletal) derivative was mixed with 1 ml. of 
2 N HC1 or 2 N acetic acid and kept at 100° in sealed tubes for the periods stated. 

After rapid cooling the solutions were neutralised and made up to a \ olume 
corresponding to the standard solution concentration (0*4 mg. P per 100 ml.), so 
that the colorimetric determinations might .be carried out under strictly com- 
parable conditions. 

Table I. Hydrolysis in N HCl. 


Skeletal muscle adenosinetriphosplioric acid. 



(i) 

(2) 

(3) 


P as orthophosphate 

% of total P 

% of labile P 

Time (mins.) 

mg. per ml. 

(2 in 3) 

0 

0 


100 

10 

0*137 

67 

15 

0*137 

67 


30 

0*140 

68 


60 

0*140 

71 



Total P 0*204 




Cardiac muscle dinucleotide. 





% of labile P 




(3 in 5) 

0 

0 



10 

0*123 

60 

100 

15 

0*131 

64*5 


30 

0*137 

67*4 


60 

0*141 

69*4 



Table II. Hydrolysis in N acetic acid. 



Skeletal muscle adenosinetriphosphoric acid. 



(i) 

(2) 

(3) 


P as orthophosphate 


% of labile P 

Time (mins.) 

mg. per ml. 

% of total P 

0 

0 



10 

0*020 

9*8 

14*7 

15 

0*030 

14*7 

22*0 

30 

0*046 

22*5 

33*8 

60 

0*073 

35*2 

53*6 

120 

0*125 

61*2 

91*8 

210 

0*136 

67*0 

100*0 


Total P 0*204 Labile P 0*136 


0 

Cardiac dinucleotide. 

0 


10 

0*036 

8*5 

14*2 

15 

0*046 

11*1 

18*2 

30 

0*103 

24*5 

40*8 

60 

0*143 

34*0 

56*7 

120 

0*195 

46*4 

77*3 

210 

0*252 

Total P *420 

61*4 

100*0 

Labile P 0*252 


The skeletal nucleotide loses 2/3 of its P after 10 mins, hydrolysis with N HCl, 
while from the cardiac one under the same conditions 3/5 of the total P is set free. 
On hydrolysis with N acetic acid the same changes take place after boiling for 
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210 mins. After 120 mins, the proportion of the loosely bound P split off from the 
cardiac derivative is distinctly less than from the skeletal one. 


Alkaline hydrolysis of the cardiac dinucleotide. 

Lohmann and others have frequently referred to the liberation of ortho- 
phosphate or pyrophosphate from the breakdown of adenosinetriphosphoric 
acid by Oa(OH) 2 and Ba(OH) 2 . It is often impossible to be certain from state- 
ments in the literature whether the precipitates of so-called calcium or barium 
pyrophosphates were purely inorganic or not. 

Precipitates obtained after half an hour’s hydrolysis in Ca(OH) 2 always 
contain a fairly high percentage of N, although the main product, adenylic acid, 
forms a soluble calcium salt. 

Mixtures of one volume of the solutions of the two nucleotides with one 
volume of saturated Ca(OH) 2 were kept at 100° in sealed tubes for the periods 
stated, and the orthophosphate at each stage was determined. The mixtures 
were shaken throughout. 

The percentage of labile P in the adenosinetriphosphoric acid is calculated as 
66 % of the total, that of the dinucleotide as 60 %. 


Table III. 

Skeletal adenosinetriphosphoric acid 


Cardiac dinucleotide 



P as ortho- 



P as ortho- 

Time 

phosphate 

0/ of 
/o OI 

% of 

phosphate 

(mins.) 

mg. per ml. 

total P 

labile P 

mg. per ml. 

0 

0 




5 

0*029 

30*2 

45*3 

0*043 

10 

0*047 

48*9 

73*4 

0*045 

15 

0*047 

48*9 

73*4 

0*047 

SO 

0*049 

51*0 

76*5 

0*047 

90 

0*066 

68*7 

100*0 

0*050 

120 

0*066 

68*7 

100*0 

0*064 

180 


— 

— 

0*064 


Total P 0-096 


total P 

43-0 

45-0 

47-0 

47-0 

50-0 

64*0 

64-0 


0/ nf 
/O Ui 

labile P 

71.-6 

75*0 

78*3 

78*3 

83*3 

100*0 


Total? 0*100 


Difficulties arise in the determination of the rates of hydrolysis with Ca(OH)| 
owing mainlv to the fact that the salts to be acted upon are not m a state of 
solution but 'in one of fine suspension. After the loosely bound phosphoric acid 
molecules have been set free, the calcium salt of adenylic acid along with varying 
amounts of adenosine should pass into solution. As it is the amount of ortho- 


i (mins.) 

Table IV. 

P as orthophosphate 
mg. per ml. 

0 

0 

5 

0*077 

10 

0*102 

15 

0*130 

30 

0*130 

90 

0*160 

120 

0*160 


Total? 0*160 


48- 1 
63-6 
81-2 
81-2 
100-0 
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phosphate which is being estimated at the different stages, the rate of hydrolysis 
of the inorganic pyrophosphate by Ca(OH) 2 requires to be known as the loosely 
bound phosphorus in the nucleotides may be set free in this form. Table IV 
gives the results of the hydrolysis of sodium pyrophosphate with Ca(OH) 2 . 

When the results of the hydrolysis of the three compounds are examined, it is 
evident that one factor which may determine the rate of orthophosphate forma- 
tion from the organic substances is the rate of change of pyrophosphate into 
orthophosphate. That this is not the only factor in the case of the dinucleotide is 
evident from the greater initial rate at which orthophosphate is set free from it 
compared with inorganic pyrophosphate. The labile portion of adenosinetri- 
phosphoric acid behaves somewhat similarly to the inorganic salt on alkaline 
hydrolysis, just as it does in the case of hydrolysis with N HOI. At present no 
definite evidence is obtainable regarding the position of the labile phosphoric acid 
molecules in these nucleotides, but it appears probable that there is an anhydro- 
diphosphoryl linkage in the triphosphoric acid which may combine in the case of 
dinucleotides with a secondary alcohol group of the ribose in either an adenosine- 
monophosphate or diphosphate. 


II. THE BIOLOGICAL AND CO-FERMENT PROPERTIES 
OF THE CARDIAC DINUCLEOTIDE, 

The definite biological actions of the adenosinetriphosphoric acid of skeletal 
muscle origin and the function of that nucleotide in lactic acid production suggest 
that an investigation into the pharmacology and co-ferment properties of the 
cardiac dinucleotide would be of special interest for several reasons. In the first 
place the substance is a natural component of the heart-muscle, and as such its 
actions on the heart and vessels are of importance, and in the second place, as 
chemically it presents certain characteristic differences from the derivative of 
skeletal muscle, any difference in action between the two might be explicable 
from the standpoint of chemical constitution. Finally, as proprietary prepara- 
tions of tissue nucleotides and nucleosides are in routine use in the treatment of 
cardio-vascular disease, any further investigation into the pharmacology of such 
substances is of value. 

Drury and Szent-Gyorgyi [1929] have studied the biological actions of a 
cardiac derivative which, as they deduced from careful analyses, was undoubtedly 
adenylic acid. They refer only briefly to the action of Fiske’s adenosinetriphos- 
phate (probably from skeletal muscle). 

In all the following experiments the calcium salt of the cardiac dinucleotide 
was used. 

The results are exactly comparable with those of Gillespie [1933] for the 
skeletal muscle nucleotide, in most cases both salts being tried on the same 
preparation. 

Biological actions . 

1. The heart, (a) Doses of I in 50,000 of the cardiac nucleotide perfused 
through the isolated frog’s heart cause no alteration in the normal beat. Doses of 
1 in 25,000 produce an a.v . block which passes off on perfusion with fresh Ringer’s 
solution. 
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(6) In the isolated perfused rabbit’s heart, doses of 0*1 to 0*2 mg. of the heart 
dinucleotide added to the perfusion fluid cause first a diminution in rate and 
amplitude of the beat followed in a few seconds by augmentation of the beat and 
an increased coronary outflow. 

2. Blood pressure. Doses as small as 0*01 mg. lower the carotid arterial 
pressure of the rabbit. The fall in pressure is not so sudden as that produced by 
vagal stimulation. The fall is preceded by a short rise. The whole effect is quite 
transitory, and complete recovery takes place in a few seconds. This was also 
seen after atropine. 

3. Perfusion of vessels. Frogs’ vessels were perfused in the ordinary way. 
Doses of 0*2 mg. injected at the point of entrance of the perfusion fluid doubled 

the drop rate in about 1 mins. . _ _ . 

4. Uterus. Concentrations of 1 in 250,000 of the cardiac dinucleotide in- 
crease the tone of the virgin guinea-pig’s uterus perfused by the Sawasaki 
technique and finally give rise to spontaneous contractions. This is the same 
effect as is described by Deuticke [1932] in connection with Ernbden s heart 

5. 'intestine . Concentrations of 1 in 50,000 and less lower the tone of the 
perfused small intestine of the rabbit. This is a different effect from that pro- 
duced by the voluntary muscle nucleotide, which causes a marked increase m 
tone immediately after the fall [Gillespie, 1933]. Using the intestine as a test 
object it was shown that dialysates of saline extracts of heart muscle owe their 
biological action to the dinucleotide component. 

The action of the cardiac dinucleotide on the amphibian and mammalian 
heart and vessels and on the perfused uterus closely resembles, both 9 ua ™™> 
and quantitatively, the action of the voluntary muscle nuc eotide as dn jib d 
bv Gillespie Voluntary muscle nucleotide produces a fall m intestinal tone 
Mowed by a marked rise. Only the Ml has been observed with the card.ao 

derivative. 

Ferment actions of the cardiac nucleotide. 

The glycolytic ferment of voluntary muscle consists of two fract ^T^® 
colloidal ferment and a co-ferment which Meyerhof and Lohmann [LU&J hav 
identified with adenylpyrophosphate. Little is known [ the g ; y c ° ^ 10 

in the heart and as the dinucleotide just described has been teste, 
co-ferment on cardiac extracts acting on artificial substrate, ; 

with orthophosphate, the results lof thm “^"|cSt?Z“Sr 
parison of the two types of nucleotide. Lambs Hearts mesa no 

inorganic phosphate and by the disappearance of some at the ortnop P 

d “CtdXSnf.rSt,l»baW Mrs. at with starch sabs, rate. 

m.mols ester produced ... 

m.mols lactic acid produced 

nsriSK'ja 1 azsrs 


92 


R. W. M. STRAIN 


adenosinetriphosphoric acid of skeletal muscle, restores the activity of the extract. 
The following experiment will illustrate the type of action. 

2nd and 3rd saline extracts, kept 24 hrs. at 4°, incubated 3£ hrs. at 25° with 
starch substrate. 

1 . Extract -f substrate + no addition . 

m.mols ester produced ... ... ®-39 

m.mols lactic acid produced nil 

2. Extract + substrate + 0-1 mg. skeletal adenosinetriphosphoric acid per ml. 

m.mols ester produced ... ... ... 0*70 

m.mols lactic acid produced 0*79 

3. Extract -f substrate + 0*1 mg. cardiac dinucleotide per ml. 

m.mols ester produced ... ... ... 2*10 

m.mols lactic acid produced ... ... 2*00 

The cardiac dinucleotide reactivates the extract to a greater degree than does 
the nucleotide of voluntary muscle. It was found that this occurred also in the 
case of the reactivation of voluntary muscle extracts. Haarman [1932], in a 
paper published while these experiments were being carried out, points out that 
the preferential substrate for heart glycolysis is glucose. Again using the extract 
described above, but with glucose in place of starch as substrate, the results 
obtained were as follows : 

1 . Extract -f- substrate (glucose) + no addition. 

m.mols ester produced ... ... ... 0*6 

m.mols lactic acid produced 0*1 

2. Extract + substrate (glucose) + 0*1 mg. skeletal muscle adenosinetri- 

phosphoric acid per ml. 

m.mols ester produced 0*7 

m .mols lactic acid produced ... ... 1*0 

3. Extract + substrate (glucose) + 0*1 mg. cardiac dinucleotide per ml. 

m.mols ester produced ... ... ... 0*0 

m.mols lactic acid produced 2*0 

In these and other examples it was seen that the extract did not show a 
preference for glucose, though the observation was confirmed that the heart 
could use this substrate. It is evident, however, that while esterification is a 
feature of lactic acid production from starch, this is not the case when the sub- 
strate is glucose. Traces of ester may be found with glucose as substrate due to 
the glycogen content of the original extract. When minced heart muscle is 
added to an artificial substrate, it is found that, while starch can be used, there is 
a definite preference for glucose. As in the case of the saline extracts there is no 
tendency for esters to accumulate when the glucose substrate is used : 

3 g. specimens of minced muscle were allowed to act on the phosphate, glucose 
and starch substrates in a total volume of 20 ml. for 24 hrs. at 25°. 


1. Glucose substrate. 

Orthophosphate used up 
Lactic acid produced ... 

2. Starch substrate. 

Orthophosphate used up 
Lactic acid produced ... 


0*52 mg. P in 20 ml. 
1*92 mg. in 20 ml. 

2*14 mg. P in 20 ml. 
0*60 mg. in 20 ml. 
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It also has been found that a more powerful ferment system can be extracted 
from muscle which has been autolysed for 2 hours than from fresh muscle. The 
extract of autolysed muscle can be made still more active by addition of co- 
ferment. It is evident that during autolysis the colloidal component of the 
ferment system undergoes some change which facilitates its extraction. 

The ferment system of cardiac muscle is, on the whole, not nearly so active as 
the corresponding system in voluntary muscle. 

That glucose should be available as an immediate source of energy for the 
heart, whether or not glycogen is present, is of great interest. The glycolytic 
ferment system of voluntary muscle is incapable of using glucose directly. This 
means that, apart from the smooth muscle tissues with their slow rate of meta- 
bolism, the heart has an option on sugars in the circulation, a mechanism which 
must be of considerable importance in maintaining the heart beat in cachexia and 
privation when glycogen is low. It may also explain in part the therapeutic 
value of parenteral glucose saline in the treatment of shock and allied conditions. 

Summary. 

1 The nucleotide of cardiac muscle differs chemically from the adenosinetri- 
phosphorie acid of voluntary muscle, being more closely allied to a dinucleotide 
composed of one molecule of adenosinediphosphoric acid and one molecule of 
adenosinetriphosphoric acid. 

2 This is shown by (a) its chemical composition and (6) its behaviour on 
hydrolysis at 100° with N HC1. Approximately 60 % of its total P is in the labile 
form in place of 66-67 % in adenosinetriphosphoric acid 

3. The pharmacological actions are very similar to those of the voluntary 
muscle derivative, the only distinctive difference being observed in the reaction 
of the intestinal musculature, the dinucleotide lowering the tone without a sub- 
sequent rise, while adenosinetriphosphoric acid has the double action. 

' 4. The heart dinucleotide has a more powerful co-ferment action as regards 
the reactivation of inactive ferment extracts both of voluntary and cardiac 
muscle. 
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During an examination of a sample of mouldy Italian maize our late colleague, 
Mr J. H. V. Charles, isolated a new species of PenicilUum belonging to Thom’s 
group “The Mono verticihata-Ramigena 5 ’ [Thom, 1930]. A description of this 
mould, which has been named P. Charlesii , has been published elsewhere 
[Smith, 1933]. When grown on Czapek-Dox solution or on the medium which we 
have called Raulin-Thom solution [Clutterbuck et al. 1932] the culture medium 
becomes very strongly acid, reduces KMn0 4 instantly hi the cold, gives an intense 
orange or scarlet colour with ferric chloride, and on addition of excess of alcohol 
gives a voluminous sticky precipitate. In addition, if the period of incubation is 
sufficiently prolonged, the metabolism solution becomes definitely laevorotatory. 

Addition of acetone to the evaporated metabolism solution precipitated a 
mixture of two new polysaccharides, one of winch was a polygalactose and the 
other a polymannose. The syrupy precipitate obtained with acetone both from 
Czapek-Dox solution and Raulin-Thom solution gave, on trituration with 
absolute alcohol and ether, an amorphous hygroscopic powder with a high 
content of ash consisting chiefly of phosphates. Most of this ash, however, could 
be removed by precipitation with alcohol. 

The aqueous solution of the crude product from Raulin-Thom medium was 
acid to litmus, with an average rotation of [oc] 5790 = —40°, and had no action on 
Rehling’s solution or on iodine. Its behaviour on hydrolysis suggested the 
presence of two polysaccharides. Treated at 100° with 0-4W sulphuric acid the 
rotation changed from — 40° to 4-61°, but on pouring the equilibrium solution 
into alcohol a considerable portion of a polysaccharide was precipitated. With 
3 N sulphuric acid, however, this precipitated portion hydrolysed readily, the 
rotation changing from +50° to + 14-3°, the latter value being identical with 
the equilibrium rotation of (A mannose. The crystalline hydrolysis product from 
the more labile polysaccharide was identified as d-galactose, and that from the 
more stable polysaccharide was identified as d- mannose. By a very tedious pro- 
cess of fractional precipitation with alcohol a sample of the polymannose 
[aU+63° * n water, an d a sample of the polygalactose [oc] 5790 = —84° in water 
were obtained, thus showing that the original product was a mixture. The crude 
polymannose was a white hygroscopic powder containing approximately 15 % 


METABOLIC PRODUCTS OF PENICILLIUM CHARLESII 95 


of moisture and 10 % of ash, most of the latter being removed by precipitation 1 1 

from hydrochloric acid solution with alcohol. It gave a colourless acid solution in I 

water and did not react with iodine or Feliling J s solution. Hydrolysis with 3 A j 

sulphuric acid gave only mannose. On acetylation a homogeneous triacetyl 
compound was obtained from which the original polymannose could be regene- 
rated with sodium hydroxide. The polygalactose was identical in appearance 

with the polymaxmose. It contained only 1*8 % of ash when crude and approxi- ' j 

mately 10 % of moisture. It was readily hydrolysed by even dilute acid to give J 

only galactose. An ash-free triacetyl derivative was prepared which could not, j 

however, be satisfactorily deacetylated with sodium hydroxide. The aqueous solu- I 

tion of the polygalactose was colourless, acid to litmus and had no action on I 

iodine or Fehling’s solution. 

From Czapek-Dox medium a mixture of the same two polysaccharides was 
obtained. This crude mixture had a very high ash content and contained a larger 

proportion of the polymannose. \ 

After precipitation of the polysaccharides with, acetone, the acetone mother- 1 

liquors were evaporated in vacuo to remove acetone, acidified with HC1 and j 

exhaustively extracted first with ether and then with chloroform. These solvents t I 

extract a mixture of at least six new optically active acids, which have been J 

shown to have the following empirical formulae, and for which we propose the , J 

accompanying names: C 9 H 10 O 4 , carolic acid ; C 9 H 12 0 7 . carolinic acid; C 10 H 10 Oq, ; J 

carlic acid ; C 10 H 12 O 6 , carlosic acid ; C 16 H 20 O 6 , ramigenic acid ; C 26 H 32 0 12 , verticillic j 

acid. ’J 

Carolic acid , C 9 H 10 O 4 , is produced in the largest yields and occurs principally ; j 

in the chloroform extracts and to a much smaller extent in the ether extracts. It 

is produced on both media, though in larger yield on the Czapek-Dox medium. | 

It is a dextrorotatory monobasic acid and gives a characteristic orange-yellow ; 

coloration with FeCl 3 . 

Carolinic acid, C 9 H 12 0 7 , is the acid produced in the next largest yield to | 

carolic acid and occurs principally in the ether extracts. The largest yields of this } 

acid were obtained from Raulin-Thom’s medium.. It is a dextrorotatory dibasic 
acid and gives a characteristic copper salt which crystallises in pure blue needles. 

Carlic acid, C 10 H 10 O e , is produced in small amounts on both media and is j 

present a lm ost entirely in the chloroform extracts. It is a laevorotatory dibasic 

acid. j I 

Carlosic acid , C 10 H la Q 6 , a laevorotatory dibasic acid, was obtained only on j 

Czapek-Dox medium, none being isolated from R aulin -Thom medium . It occurs i | 

entirely in the ether extracts and was obtained in moderate yields. Carlosic acid ; j 

is differentiated from the other metabolic products of P . Charlesii b\ the lieav\ | 

brownish-yellow precipitate with FeCl 3 , insoluble in excess of this reagent, by the 
formation on standing of a crystalline yellow precipitate with uranium acetate 
and by the immediate heavy precipitate, soluble in excess, 'which is gi\ en on 

careful addition of normal lead acetate. i 1 

Ramigenic acid , C 16 H 20 O 6 , a dextrorotatory acid, was obtained in small yields 
on both media, occurring entirely in the ether extracts. # 

Verticillic acid, C 26 H 32 0 125 a laevorotatory tetrabasic acid, was obtained on | 

both media, the larger yields being given on Raulin-Thom medium. It octius 
almost entirely in the ether extracts, only traces being isolated from the chloro- 
form extracts. A neutral aqueous solution of its sodium salt reduces silver nitrate ; ? 

in the cold, gives a heavy precipitate with mercuric chloride from which it can 
be regenerated unchanged, a definite orange-yellow colour with uranium acetate 
and a very intense reddish brown colour with FeCl 3 . 
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In addition to the products described above, a certain amount of non- crystal- 
line syrup has been separated. Moreover, the aqueous phase after exhaustive 
solvent extraction is still laevorotatory. We propose to investigate both of these 
fractions further. 

It is the purpose of this paper to describe the cultural methods employed for 
the production of the substances described above, the chemical methods used 
for their isolation and purification and then general properties. The question of 
their molecular constitution will be dealt with in a series of subsequent papers. 


Experimental. 

Organism and culture media . 

The organism used during the whole of this work was the new species of 
Penicillium , P. Charlesii G. Smith (London School of Hygiene Catalogue 
Number P 146). ( Of . Smith, 1933.) 

Preliminary experiments in test-tubes showed that the reactions characteris- 
tic of P. Charlesii are given when the mould is grown on either the well-known 
Czapek-Dox solution or on the modified Raulin’s solution which we have called 
the Raulin-Thom medium. The compositions of the two media are the following : 

Czapek-Dox solution . Water, to 1000 ml.; glucose, 50 g.; NaN0 3 , 2 g. ; 
KH 2 P0 4 , 1 g. ; KC1, 0-5 g.; MgS0 4 , 7H 2 0, 0-5 g.; FeS0 4 , 7H 2 0, 0*01 g. 

Raulin-Thom solution. Water, to 1500 ml. ; glucose, 75 g. ; tartaric acid, 4 g. ; 
ammonium tartrate, 4 g. ; diammonium hydrogen phosphate, 0*6 g. ; K 0 C0 3 , 
0*6 g.; MgC0 3 , 0*4 g.; (NH 4 ) 2 S0 4 , 0*25 g. ; ZnS0 4 ,7H 2 0, 0*07 g. ; FeS0 4 , 7H 2 0, 
0*07 g. “ *' ~ 

The course of metabolism . 

A number of one litre conical flasks, each containing 350 ml. of Czapek-Dox 
solution, and a similar number of flasks of Raulin-Thom solution were ster ilis ed 
and sown with a spore- suspension of P. Charlesii and incubated at 24°. Single 
flasks were taken at intervals for examination of the metabolism solution. 

On Czapek-Dox solution growth was rapid but the mycelial felt w r as thin, the 
surface being rich dark green in colour and with a white reverse. The solution 
became very tardily pink (21 days), then brownish yellow. The rate of meta- 
bolism, as shown by analysis of the contents of single flasks, was somewhat 
erratic. Representative analyses are given in Table I in which are shown the 


Table I. 


Days of 
incubation 

0 

3 

6 

9 


Pu 

Rotation Hg 54ei 
in 2 dm. tube 

Apparent 
residual 
glucose (%) 

EeCLj reaction 

4*5 

+ 6*25° 

5*04 

Nil 

5*1 

+ 6*18 

4*98 

Nil 

4*8 

+ 5*72 

4*61 

Pale yellow 

4*7 

+ 5*42 

4*37 

Yellow 

4*6 

+4*35 

3*51 

Very deep yellow 

3*4 

+ 3*05 

2*46 

Orange-yellow . 

3*1 

+ 1*73 

1*40 

Deep orange 

2*4 

-0*39 

— 

Orange-red 


apparent rate of disappearance of the sugar, as determined by polarimeter (these 
figures are obviously somewhat inaccurate owing to the presence of optically 
active metabolic products), the change of reaction of the medium and the colours 
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obtained on addition to 5 ml. of the solution of a few drops of ferric chloride 
solution. An attempt was made to estimate bromine absorption by Koppe- 
schaar’s method [1876], but although it was apparent in the case of the older 
solutions that very considerable absorption took place, back-titration was im- 
possible owing to rapid decomposition of the bromine compounds. 

On Raulin-Thom solution growth was more rapid and the course of meta- 
bolism less erratic than on Czapek-Dox solution. The mycelial felts were com- 
paratively thick, being bright green on the surface with a reverse which became 
rapidly mauve and then brownish in colour, the solution being first bright 
rose-pink and then brownish yellow hi colour. In view of the failure to obtain 
satisfactory results for the estimation of bromine absorption by the Koppcsckaar 
method an attempt was made to obtain some measure of the reactive substances 
produced by the mould by estimating the amount of KMn0 4 reduced under 
carefully standardised conditions. The results obtained, however, were un- 
satisfactory. The results obtained on the Raulin-Thom medium are given hi 
Table II. fa 

Table II. 

Apparent 

Days of Rotation Hg 5161 residual 

incubation p R in 2 dm. tube glucose (%) FeCl 3 reaction 

.0 3*9 + 6*61° 5*34 Bright yellow 

3 3-6 +6*07 4*90 Bright yellow 

0 2*5 +3*64 2*94 Deep golden yellow 

® 2*3 +1*90 1-53 Bright orange 

II 2*2 +1-22 0-98 Bright orange 

1^ 2*0 +0-70 0-56 Bright orange 

I^ 2-0 +0*30 0*24 Deep orange 

20 2*0 +0*11 0*09 Reddish orange 

23 2*2 0 0 Reddish orange 

Cultivation of P. Charlesii in the routine metabolism experiments. 

In each of twelve experiments 100 one litre conical flasks, each containing 
350 ml. of the selected, medium, were sterilised by steaming on three successive 
days and were then sown with an aqueous spore suspension made from four 
cultures, 2 to 3 weeks old, grown on beer wort-agar slopes. The flasks were 
incubated at 24° until the sugar had completely disappeared, as evidenced by the 
solution becoming optically inactive or slightly laevorotatory. The duration of 
incubation on the Raulin-Thom medium was 24-28 days and on the Czapek-Dox 
medium about 8 w r eeks. 

Separation of metabolic products. 

At the end of the incubation period the metabolism solution was filtered from 
the mycelium, and the latter was well pressed and washed with a small quantity 
of water, the washings being added to the main filtrate. The metabolic products 
were first separated from the metabolism solution in a series of fractions which 
were eventually examined individually. The general scheme of separation of 
these fractions was as shown on p. 98. 

This scheme relates to the experiments with Raulin-Thom medium. With 
Czapek-Dox medium the method of separation employed was the same but 
the grouping of the extracts was slightly different. Thus for Czapek-Dox medium, 
fraction (IV) refers to ether extracts (2-3), fraction (V) to ether extracts (4—10) 
and fraction (VII) to chloroform extracts (2-5). 

The combined filtered metabolism solution and washings from 100 flasks were 
evaporated in vacuo at 45-50°, using the apparatus described by Raistrick and 
Biochem. 1934 xxvm 7 
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Smith [1933], to 800 ml. and allowed to stand for 1 day at 0°. An amorphous 
solid separated and was filtered off, washed and dried (fraction I). To the 
mother-liquor, now about 1000 ml. in volume, were added 4 litres of commercial 
acetone, the mixture being well stirred and allowed to stand until the sticky 

Metabolism solution (about 30 litres) 
evaporated in vacuo at 45— o()° to 
800 ml. Allowed to stand at 0° 


Separated solid Mother-liquor precipitated 
m with acetone 


Crude carbohydrate Mother-liquor; acetone 

fraction removed, HC1 added; 

(IX) extracted with ether 


Extract (1) 
(III) 

Extracts (2-5) 

(IV) 

Extracts (6-12) 

(V) 

Mother-liquor 
extracted with 
chloroform 

1 


Extract (1) 

(VI) 

! 

Extracts (2-6) 

(VII) 

I 

Mother- 

liquor 


precipitate produced had completely settled. The clear liquid was decanted off 
and the precipitate washed twice with small quantities of acetone, about 200 ml. 
in all. The residual sticky solid was dissolved in 200 ml. of water, the solution 
filtered and the crude carbohydrate reprecipitated in a less sticky form by the 
rapid addition of 9 volumes of ethyl alcohol. The solid was separated by decanta- 
tion, then ground with absolute ethyl alcohol until the whole was in the form of 
a powder, winch w T as filtered off, well drained at the pump and dried in air 
(fraction II). 

The combined aqueous acetone mother-liquors and washings were evaporated 
in vacuo to about 600 ml. in order to remove all the acetone. To the concentrate, 
100 ml concentrated HC1 were added. A small amount of oily material separated 
at this stage but was ignored as it was difficult to separate and was readily 
redissolved during the subsequent extractions. The acidified solution was ex- 
tracted 12 times (Raulin-Thom) or 10 times (Czapek-Dox) with its own volume 
of ether. Using Raulin-Thom medium, the first extract (fraction III) was kept 
separate and extracts 2-5 were combined as fraction IV, as w T ere also extracts 6-12 
as fraction V. With Czapek-Dox medium extracts 2-3 were combined as fraction IV 
and extracts 4-10 were combined as fraction V. The aqueous mother-liquor was 
then extracted 6 times (Raulin-Thom) or 5 times (Czapek-Dox) with its own 
volume of chloroform, the first extract (fraction VI) being kept separate and 
the remaining extracts being combined as fraction VII. All the extracts were 
evaporated in vacuo to give orange syrups wdiich on keeping for some time 
gradually solidified to sticky masses of small crystals. 

The aqueous solution, after extraction with chloroform, still gave a faint 
orange colour with ferric chloride, readily reduced KMn0 4 and was definitely 
laevorotatory. Extraction with ether or with chloroform in a continuous ex- 
tractor for several days removed only very small amounts of dark- coloured 
sticky syrup. It is possible that the residual unextracted acid is carlic acid 
O 10 H 10 O 63 since its relative solubility in water, ether and chloroform would render 
its extraction very slow (see p. 106). 
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The dry weights of all the above fractions for eight typical experiments 
(Nos. 5 to 12), four on each medium, are summarised in Table III. The fractions 
from Exp. 1-4 (twelve experiments in all, six on each medium, have been carried 
out) were used in the preliminary work of detecting and isolating the various 
products present, of obtaining their solubilities and investigating their general 
properties. 

Table III. 


Fractious: weight in g. 


Exp. 

No. 

Medium 

X 

II 

III 

IV 

V 

VI 

VII 

5 

Czapek-Dox 

10*9 

53-6 

30*0 

35*4 

40*2 

51*8 

25*6 

6 

25*4 

48-7 

30*3 

18*1 

30*2 

50*0 

15*7 

7 


5-9 

51*6 

30*0 

25*6 

36*0 

44*0 

20*5 

10 

„ 

11*5 

45*6 

22*0 

14*2 

20*8 

40*2 

20*8 

8 

Raulin-Thom 

4-0 

39*7 

18*0 

37*9 

26*8 

30*4 

13*6 

9 

99 

5*4 

41*0 

29*0 

31*0 

21*4 

26*0 

12*3 

11 

99 

4-9 

43*0 

19*4 

26*0 

19*0 

24*8 

11*2 

12 


1-7 

44*8 

31*4 

27*0 

18*0 

24*0 

14*0 

Since in each experiment 100 flasks 

were used containing in 

all 1750 g. glucose 


at the beginning of the experiment, and the flasks were taken off when the sugar 

had disappeared, the yields of these fractions in relation to the sugar utilised can j 

readily be computed. I 


Isolation of products from fractions I-VII. J 

A. Fraction I. § 

This fraction consisted, using both media, of a yellowish-brown, amorphous j 

powder which was insoluble in all the usual organic solvents, was non- acidic, 1 

contained no nitrogen and did not melt on heating but charred at about 250°. ;; 

It was not further investigated. J 


B. Fraction II. 

The following are the details of the preliminary examination of this fraction, 
which consisted essentially of a mixture of two polysaccharides together with 
mineral salts. A more detailed investigation of these polysaccharides is now in 
progress and will be reported on in a subsequent paper. 

I. Investigation of the polysaccharides from Raulin- Tho?n's medium. The crude 
polysaccharide was precipitated as a red viscid mass by the addition of excess 
acetone to the concentrated metabolism solution. On trituration with absolute 
alcohol and washing with ether it was obtained as a yellowish hygroscopic 
powder which tended to form a glutinous mass on exposure to the atmosphere. 
The four batches of the material which were prepared had the following properties. 




Table IV. 


Exp. No. 

Yield in g. 

% ash content 

[a] 579 o in water 

8 

39*7 

9*5 

-41*5° (c=2*31) 

9 

41*0 

10*3 

-39*5° (c = 2*17) 

11 

43*0 

4*0 

~ 38*7° (c=2*07) 

12 

44*8 

5*7 

-40*1° (e = 2*68) 


The polysaccharide readily dissolved in water to give a milky yellow solution 
which rapidly cleared on centrifuging. It had no action on Fehling’s solution or 
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on iodine and was acid to litmus. No pentose could be detected by the furfuralde- 
hyde test but the solution after treatment with acid reduced Eehling’s solution in 
the cold. 


Hydrolysis of the crude polysaccharide with 0-4N H 2 S0 4 . A portion of the crude 
polysaccharide from experiment 8 containing 9-5 % ash was dissolved in 0-4Y 
JEL>S0 4 , heated on the boiling water-bath and the rotation followed polarimetri- 
cally (c= 1*16) with the following results. 

0 minutes [oc] 57 9 0 = -“41*5°, 5 minutes [XWjo = 20*1 , 10 minutes [oc] 5790 = 0 , 

15 minutes [a] 5790 == +27*2°, 45 minutes [a] 5790 = + 55*9° ,90 minutes [oc] 5V90 = +60-5° 
(equilibrium value). This equilibrium value, which on correction for ash = 66*2 , 
gave no definite indication of the sugar formed, and it was found that on pouring 
the rotation solution into absolute alcohol a polysaccharide was precipitated. 
This precipitate was removed by centrifuging, washed with absolute alcohol and 
ether and dried in vacuo. It was a white amorphous powder, soluble in water 
with an acid reaction to litmus and contained approximately 10 % of ash. 

It was stable at 100° to 0*4 N H 2 S0 4 for 3 hours but was hydrolysed as follows 
by 3 N H 2 S0 4 at 100° (c=0*97 and rotation corrected for ash). 0 minutes 
[4,790= +48*7°, 10 minutes [oc] 5790 = +29*9°, 30 minutes [a] 5790 = 4- 15*5°, 60 
minutes [a] 5790 = +14*3° (equilibrium value). This equilibrium value is very close 
to that of d-mannose [a] 5^0= + 15*2°. 

The crude polysaccharide (3*5 g.) was dissolved in 0*4 N H 2 S0 4 (50 ml.) and 
heated for 90 minutes until the rotation was constant. Alcohol was added to the 
cold solution until there was no further precipitate. This precipitate was isolated 
by the method described above. Yield = 1*1 g. Ash content = 10*1 %. 


Examination of the alcoholic mother -liquors. A little water was added and the 
sulphuric acid neutralised with barium carbonate. The barium sulphate was 
filtered off and the solution concentrated in vacuo at 30°. The syrupy product 
was extracted with hot 95 % ethyl alcohol until the residue showed no reducing 
properties. Concentration of the alcoholic extract gave a clear colourless syrup 
which crystallised on scratching. Yield, 1*9 g.; m.p. crude 160°. Re crystallised 
from aqueous alcohol the crystals had m.p. 165° alone or in admixture with 
d-galactose ; [oc] 5790 = 148*7°-^ 83*8° (c=l*ll) after 2 days (equilibrium value for 


d-galactose [oc];^ = 4-83*6°). The identity of the galactose was confirmed by 


the formation of galactosazone (m.p. and mixed m.p. 196°) and by the preparation, 
on oxidation with nitric acid, of d-mucic acid (m.p. 214°) ; yield, 77 % theoretical. 
No other sugar could be detected. 


Hydrolysis of the more stable polysaccharide. This polysaccharide (1*1 g.) was 
heated for 90 minutes at 100° with 50 ml. of 3 N sulphuric acid. The acid was 
neutralised with barium carbonate, the barium sulphate filtered off and the 
solution concentrated in vacuo at 30°. The syrup was extracted with 95 % alcohol, 
the removal of which by evaporation gave a colourless product. 

On treatment of a portion of the syrup (0*2 g.) with phenylhydrazine acetate 
(0*2 g.) in the cold for \ hour a sandy crystalline powder separated. After 
standing for an hour the crystals were filtered off and recrystallised from 50 % 
alcohol (0*28 g.), from which solvent they separated in the characteristic form of 
mannosephenylhydrazone and had m.p. and mixed m.p. with an authentic 
specimen 196°. 

This phenylhydrazone, on heating with an excess of phenylhydrazine acetate 
at 100° for 5 minutes, yielded glucosazone identical with an authentic specimen. 
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The remainder of the syrup was scratched with a nucleus of (/-mannose and 
crystallised completely in a few days, m.p. 135° (m.p. of mannose 132-133°). 

Fractionation of the mixture of the two polysaccharides . It was found th at the crude 
polysaccharide could be separated into various fractions by the graded addition 
of absolute alcohol to a concentrated aqueous solution. In a typical experiment 
78 g. of crude polysaccharide [oc] 5790 = -41*0° gave the following results. 




Table V. 


Fraction 

M 5790 

% alcohol % ash 

Yield (g. 

1 

0 

50 40-3 

12 

2 

- 34*2° 

06 3*5 

40 

3 

-37-6° 

80 5-8 

0 

4 

-56*7° 

Concentrated 3*7 

mother-liquor 

14 


Most of the ash was removed in the first fraction and it was found that the ash 
could be further separated as follows. 43 g. of crude polysaccharide with a high 
ash content were dissolved in 150 ml. of water. To this syrup, pyridine (200 ml.) 
was carefully added. A fraction (7 g.) was precipitated and removed by centri- 
fuging. This fraction contained 90 % of ash. The remaining fractions could be 
precipitated by the addition of alcohol to the aqueous pyridine solution. 

By an elaborate and tedious method of repeated precipitations it was possible 
to isolate specimens of a polymannose having [a] 5790 — 4 63° (log.) and a poly- 
galactose [oc] 579 o= —84° (12 g.). A series of intermediate fractions is in process 
of separation. 

Properties of the purified poly mannose. This compound was a pure white hygro- 
* scopic powder containing, before final purification, 15 % of moisture and 10 % 

of ash. The ash content was lowered to 2*5 % after one precipitation from weak 
hydrochloric acid solution by the addition of alcohol. Its aqueous solution was 
colourless, acid to litmus, non-reducing and without action on iodine. It was 
stable to N H 2 S0 4 at 80° for 2 hours but was readily hydrolysed with 3Y H 2 S0 4 
at 100°. A sample having an ash content of 0*7 % and dried to constant weight 
gave the following results on hydrolysis with 3 N H 2 S0 4 at 100°: 

0 minutes [a] 5790 = +63*0°, 10 minutes [a] 5790 = +49*1°, 25 minutes [a] 579() 
= 4*31*4°, 45 minutes [a] 5790 = 417*7°, 60 minutes [a] 5790 = 415*7°, 90 minutes 
[a] 5790 = 4 15*7°. Therefore the equilibrium rotation calculated as hexose = 4 .14*1° 
(equilibrium rotation recorded for mannose = 415*2°). Mannose was the only 
hydrolysis product isolated. 

An analysis was carried out on the incompletely dried polysaccharide and the 
► moisture content estimated separately. The analysis was not entirely satisfactory 

owing to the hygroscopic nature of the ash. 

(Found : Moisture, 15*0 % ; ash, 9*6 % ; C, 44*6 ; H, 7*5 %. (C 6 H 10 Q 5 ) n requires : 
0, 44*4; H, 6*2 %.) 

Preparation of an acetate. The polysaccharide (1 g.) was dissolved in water (1 ml.) 
and pyridine (25 ml.) added slowly. A small amount of inorganic material 
separated and was removed by centrifuging. Acetic anhydride (25 ml.) was now 
added slowly and the solution maintained at 40° during the addition (10 minutes). 
It was then cooled to 20° and left overnight. Next morning the clear pale yellow 
solution was poured into 200 ml. of warm water, and the acetate was obtained 
as a fioeculent precipitate. It was centrifuged and washed repeatedly with 
warm water until free from the acetylation mixture. It was dried in vacuo. 
Yield, 1*6 g. Ash content, 0*9 %. QAc, 46*1 %. [a] 5790 = 4 52-6° in acetone 
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(c = 1-56). Fractional precipitation of the acetate from acetone by means of ether 
showed that it was homogeneous. 

Regeneration of the polysaccharide. The acetate (1 g.) was dissolved in acetone 
and a slight excess of N NaOH added. The product was precipitated twice 
from weak HC1 solution, washed with absolute alcohol and dried in vacuo. Ash 
content, 0-7 %. [a] 5790 = +62° (c = l*0). 

Properties of the purified poly galactose. This was a white hygroscopic powder 
containing 1-83 % of ash and 10 % of moisture; [oc] 5790 = —84*3°. It was analysed 
in the same manner as the polymannose and again the ash content prevented a 
satisfactory analysis. 

(Found: 0, 44*4; H, 7-0 %. (C 6 H 10 0 5 ) w requires: C, 44*4; H, 6*2 %.) 

The solution in water was colourless, faintly acid to litmus and with no action 
on Fehling’s solution or on iodine. 

It readily hydrolysed as follows with 0 *32V sulphuric acid, (c = 0*711.) 
0 minutes [a] 5790 = -84*3°, 10 minutes [oc] 5790 = -50*0 o , 15 minutes [oc] 5790 == 0°, 
20 minutes [a] 5790 = +30*0°, 45 minutes [a] 5790 = +72*0°, 60 minutes [oc] 5790 
= +88*0° (equilibrium value). Equilibrium value corrected for ash and as 
hexose= +80*8°; [a]J2 M for d-galactose = +83*6°. 

Acetylation. The polysaccharide (1 g.) was acetylated and the product isolated in 
the manner described for the polymannose. Yield, 1*5 g. of a white, ash-free 
powder. It had [a] 5790 in acetone =-72* 8° (c = 0*75). Acetyl content, 44*4 %. 
(Theoretical for the triacetate of a polyhexose, C 6 H 7 O 2 (OC60H 3 ) 3 , 44*8 %.) 

Regeneration of the polysaccharide by deacetylation with sodium hydroxide 
was unsatisfactory, the product being extremely hygroscopic. 

II. Investigation of the polysaccharides from Czapek-Dox medium. The products 
were obtained by precipitation by acetone from the concentrated metabolism 
solution and isolated as previously described for Raulin-Thom medium. The 
ash content was very high (approximately 30 %), and the product was more 
soluble hi water giving a clear yellow solution. The yields and properties were as 

follows. _ __ „„ 

Table YI. 


Exp. No. 

Yield in g. 

% ash content [ 

>15790 in Water 

5+6 

102*3 

30*0 

0 

7 

51*6 

31*2 

-8*0° 

10 

45*6 

28*5 

-5*0° 


Fractional precipitation from aqueous solution with alcohol removed most of the 
ash in the first fraction, and a series of fractions with different rotations was 
obtained. The crude material behaved on hydrolysis in a maimer exactly similar 
to the product described from Raulin-Thom medium. 

Hydrolysis of the crude polysaccharide with 0-5TS H 2 SG 4 . A portion of the 
crude polysaccharide containing 9*5 % ash, and having an initial rotation ot 
M 5790 = — lfi*3° dissolved (c = 0*96) in 0*5 N H 2 $0 4 , and heated at 100° reached 
an equilibrium value of [oc] 5790 = +48° in 70 minutes. 

Strong sulphuric acid was now added to make a 3iY solution and the solution 
heated again at 100°. The rotation fell to an equilibrium value of [a] 5790 = ~h 35*3 C 
in 60 minutes. 

The crude polysaccharide (3 g.) was hydrolysed with 0*3 IV H 2 S0 4 as previously 
described. 2 g. of unhydrolysed polysaccharide were obtained on pouring the 
solution into absolute alcohol. This polysaccharide gave d-mannose on hydrolysis 
and after purification was identical with the polymannose previously described, 
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The mother-liquors on concentration and extraction with alcohol gave 
crystalline ^-galactose, and it is probable that the crude polysaccharide is a 
mixture of the same polymannose and polygalactose as from the Baulin -Tho in 
medium though this mixture has a higher polymannose content. 

C. Fractions III , IV and V ( Ether extracts). 

Each of the above fractions, representing the material extracted by ether 
in the various experiments on both media, was allowed to stand for several weeks 
in air to ensure as complete crystallisation as possible. They were then separately 
ground in a glass mortar with a small amount of chloroform (25 ml.), the resulting 
* dark brown suspension filtered and the insoluble portion washed with chloroform . 

In this way, each extract was separated into a quantity of white or light brown 
crystalline material and a chloroform mother-liquor which, after removal of 
chloroform, was dried down to a reddish brown syrup. 

Using Czapek-Dox medium, the crystalline material obtained from fractions 
III and IV consisted of almost pure carlosic acid and from fraction V of almost 
pure carolinic acid, the total yields of which are given in Table VII. It appears 
therefore, that carlosic acid is completely extracted in the first three of the ten 
ether extracts, together with small amounts of carolinic acid, whilst the latter 
acid is extracted more slowly and is accumulated in the remaining ether extracts. 
This behaviour may he readily accounted for by considering the relative solubili- 
ties of these two acids in water and ether as shown later. 

Using Raulin-Thom medium the crystalline material consisted in each of the 
fractions III, IV and V of a mixture of carolinic acid with varying but smaller 
amounts of verticillic acid, the total yields of which are given in Table VII. These 
p two acids were then separated by fractionation with acetone in which verticillic 

acid is very much less soluble than carolinic acid. 

Examination of the syrups obtained by drying down the chloroform mother- 
liquors from the above acids showed that in all cases appreciable amounts of 
carolie acid are present. In order to separate this acid, the combined syrups from 
; experiments 5, 6, 7 and 10 on Czapek-Dox medium and, separately, the combined 

syrups from experiments 8, 9, 11 and 12 on Raulin-Thom medium were thoroughly 
triturated with water. The combined syrups from the Czapek-Dox medium were 
extracted with a total volume of 450 ml. of water and the syrups from the 
Raulin-Thom medium with 300 ml. of water. 

The aqueous extracts were then filtered and extracted once with an equal 
volume of chloroform. The chloroform extracts were evaporated and the 
resultant yellowish oil seeded with carolie acid and set aside to crystallise. The 
p crystalline residue was finally rubbed up with a little absolute ethyl alcohol, 

filtered and washed with a small amount of alcohol, when almost pure carolie 
acid resulted. By this treatment the combined syrups from the experiments 
5, 6, 7 and 10 on Czapek-Dox medium (total weight after drying at 50° in vacuo 
= 250 g.) yielded 53-5 g. of yellowish oil from which 30 g. of carolie acid were 
obtained, while the combined syrups from experiments 8, 9, 11 and 12 on 
Raulin-Thom medium (total weight after drying at 50° in vacuo = 200 g.) 
yielded 35*4 g. of yellowish oil from which 18 g. of carolie acid were obtained. 

Having removed the carolie acid from the combined syrups by water extrac- 
tion as described above, the water-insoluble portion of the syrups was allowed to 
stand for four weeks when further crystallisation occurred, and small amounts 
of ramigenic acid separated in hard, well-formed prisms. These were filtered ^off, 
f washed clean from syrup by rubbing up with chloroform and recrystallised 
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from acetone-light petroleum. The weights of pure ramigenic acid obtained from 
the syrups from the Raulin-Thom and the Czapek-Dox media were 3 g. and 1 g. 
respectively. 

The syrups remaining after separation of ramigenic acid still contained small 
amounts of verticillic acid, amounting to about 7 % of the weight of the syrup 
from both media. In addition, in the case of the syrup from Czapek-Dox medium, 
but not from Raulin-Thom medium, a very small amount of carlosic acid was 
detected. These two acids were isolated by making use of specific precipitating 
reagents. Thus verticillic acid was separated by neutralising an aliquot portion of 
the syrup with sodium hydroxide to phenolphthalein and adding mercuric 
chloride which, as will be shown later, precipitates verticillic and ramigenic acids 
but does not precipitate the remaining four acids. The mercury precipitates from 
the two media were then suspended in water, the mercury removed with hydrogen 
sulphide, the excess of hydrogen sulphide removed in a stream of air and the 
solutions extracted with ether. After removal of the ether, the extracted material 
crystallised and was rubbed up with a small volume of acetone, filtered and washed 
with a little acetone. The residual crystalline material was shown by comparison 
with an authentic specimen to be verticillic acid. Finally, the presence of a very 
small amount of carlosic acid in the syrups from Czapek-Dox medium was de- 
tected by carefully adding normal lead acetate to the neutralised solution of an 
aliquot portion of the syrup. This reagent, as will be shown later, specifically 
precipitates carlosic acid, but its addition requires care as the precipitate re- 
dissolves in excess of the reagent. The lead precipitate was then rubbed up with 
2 N H 2 S0 4 and the carlosic acid extracted with ether. After removal of the ether, 
the yellow crystalline mass was rubbed up with chloroform, filtered and washed 
with a little chloroform. The very small amount of crystalline material was 
shown by comparison with an authentic specimen to be carlosic acid C 10 H 12 O 6 . 

D. Fractions VI and VII ( Chloroform extracts). 

Each of the above fractions, representing the material extracted by chloro- 
form in the various experiments on both media, was allowed to stand for several 
weeks in air to ensure as complete crystallisation as possible. They were then 
separately ground in a glass mortar with a small amount of absolute ethyl alcohol 
(25 ml.), the resulting dark brown suspension filtered and the insoluble portion 
washed with a little alcohol. In this way all the fractions VI gave a wdiite 
crystalline powder consisting of almost pure carolic acid and amounting to 70 % 
of the total weight of the fractions, whilst all the fractions VII gave small yields 
of a white crystalline powder consisting of fairly pure carlic acid. The alcoholic 
mother-liquors from fractions \ I and VII were evaporated in vacuo and extracted 
with water in which they were almost completely soluble. The aqueous solutions 


Table VII. Yields in g. of isolated and almost ‘pure crystalline acids. 




Carolic 

Carolinic 

Carlic 

Carlosic 

Verticillic 

Ramigenic 



acid 

acid 

acid 

acid 

acid 

acid 

Exp. No. 

Medium 

C 9 H 10 O 4 

C fi H 12 0 7 

c 10 h 10 o 6 

c 10 h 12 o 6 


c 16 h 20 o g 

5 

Czapek-Dox 

44*7 

8*2 

7*5 

9*3 

6*7 


6 

99 

43*7 

10*2 

5*4 

9*0 

4*4 

L 

7 

99 

44*6 

3*9 

1*7 

5*6 

5*9 

Mg- 

10 

99 

42*4 

7*8 

5*3 

9*6 

3*3 

) 

8 

Raulin-Thom 

29*7 

16*3 

4*1 

___ 

13*6 

\ 

9 

99 

27*9 

14*9 

3*0 



13*2 


1 1 

99 

29*6 

14*5 

1*3 

■ 

11*5 

„ 

3g. 

12 

99 

26*7 

16*6 

1*1 

— 

4*2 

) 
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were then extracted once with an equal volume of chloroform, the chloroform, 
removed and the partially crystalline residue washed with alcohol, further 
small amounts of carolic acid being thus obtained. The total yield of carolic acid 
obtained from fraction VI was thus raised to 75 % of the weight of this fraction. 

The final yields of the practically pure crystalline acids in the eight typical 
experiments are given in Table VII. 

Properties and analysis of the crystalline acids. 

We propose now to give details of the general properties and analysis of the 
different crystalline acids isolated, reserving for future communications the 
question of their molecular constitution. The equivalents were determined by 
dissolving a weighed amount in a suitable solvent and titrating to phenol- 
phthalein with Nf 10 sodium hydroxide. Optical rotations were determined at room 
temperature on the free acids in a suitable solvent and also on neutral aqueous 
solutions of the sodium salts using the mercury green line A 54B1 . Solubilities were 
determined roughly by shaking 0-1 g. of the finely powdered material at room 
temperature with a gradually increasing and measured amount of the solvent in 
question until dissolution was just complete. The reactions of aqueous solutions 
of the sodium salts of the different acids towards a series of inorganic reagents 
were determined by adding to 2 ml. of a 1 % aqueous solution of the acid, 
neutralised to phenolphthalein with sodium hydroxide, I ml., drop by drop, of 
a 10 % aqueous solution of the reagent in question. All micro -analyses 'were 
carried out by Schoeller (Berlin). 

Carolic acid C 9 £T 10 O 4 . Carolic acid is best purified by recrystallising (2 g.) from boiling ethyl 
alcohol (20 ml.). Yield 1*4 g. of colourless radiating needles, m.p. 132° without obvious decomposi- 
tion. On resetting and remelting the m.p. gradually falls to a constant value of 113°. 

(Found: C, 59-45, 59-42; H, 5*61, 5-58%; OCH 3 , nil; Mol. Wt. 217,235. C 0 H lo O 4 requires : 
0, 59-31 ; H, 5-54 %; Mol. Wt. 182.) The molecular weight found by the depression of the freezing- 
point of benzene was 196. 

Titration. 0-2380 g. and 0-2318 g. required respectively 13-05 and 12-70 ml. N[ 10 NaOH, corre- 
sponding to equivalents of 182*4 and 182-5 respectively. (C 9 H 10 O 4 titrating as a monobasic acid 
requires 182-1.) 

Rotations, (a) Free acid in water: (c=0-50) [a] 5161 = +84°. 

This value remained constant for 1 hour but had fallen after 24 hours to + 81°; the solution 
becoming faintly yellow in colour. 

(b) Sodium salt: (c=0-52 calculated as monosodium salt) +71-5°. 

Tiiis value did not change overnight and the solution did not become coloured. 

Solubilities. 1 g. dissolved in 2 ml. chloroform, 12 ml. water or acetone, 28 ml. ethyl acetate, 
36 ml. ethyl alcohol, 40 ml. benzene, 400 ml. ether, but was not completely dissolved in 500 ml. 
light petroleum, b.p. 40-50°. 

Salts. Carolic acid gives no precipitate even on standing overnight with mercuric chloride, copper 
sulphate, uranium acetate, normal or basic lead acetate or with calcium or barium chloride even 
in presence of four volumes of alcohol. Silver nitrate gives no precipitate even in concentrated 
solution and no reduction on standing overnight. Ferric chloride gives a characteristic bright 
orange colour but no precipitate (cf. earolinic acid). 

An aqueous solution of the acid is strongly acid to Congo red, reduces acid or neutral permangan- 
ate immediately in the cold and decolorises bromine water instantly. With Brady s reagent 
(2 : 4-dinitrophenylhydrazine in 2 N HC1), there is no immediate precipitate but on standing with 
excess of reagent a crystalline orange precipitate begins to separate after 48 hours and continues 
for 3 to 4 weeks. The acid dissolves in concentrated H 2 S0 4 giving a colourless solution in the cold, 
remaining colourless at 100° but at 140-150° becoming first rose-pink, then darkening to a 
characteristic intense bluish red colour. 
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Carolinic acid (7 9 F 12 0 7 . (C 9 H 10 O 6 , H 2 0.) Carolinic acid is best purified by reerystallisation from 
acetone (or acetone-light petroleum) from which solvent it separates in colourless prisms, m.p. 123° 
with evolution of gas. 

(.Found: C, 46-53, 46-43; H, 5-26, 5-21 %; 00H 3 , nil. C 9 H 12 0 7 requires: C, 46-53; H, 5-21%; 
Mol. Wt. 232.) The molecular weight of carolinic acid must be that corresponding to the formula 
0 9 lii 2 0 7 since it readily loses 1H 2 0 giving a product having an observed molecular weight corre 
sponding to C 9 H 10 O 6 (see below). 

Titration. 0-1723 g. required 14-50 ml. Nf 10 bTaOH corresponding to an equivalent of 117» 
(C 9 H 32 0 7 titrating as a dibasic acid requires 116.) 

Rotation, (a) Free acid in water: (c =0-34) [a] 5401 = + 60°. The rotation did not change overnight 
but the solution became faintly yellow in colour. 

(b) Disodium salt: (c=0-41; calculated as the disodium salt) [a] M01 = +54°. The rotation did 
not change overnight and the solution remained colourless. 

Solubilities . lg. dissolves in 25 ml. ethyl alcohol, 30 ml. acetone, 150 ml. water, 170 ml. ethyl 
acetate, but was not completely dissolved in 500 ml. benzene, chloroform, ethyl ether or liVl'rf- 
petroleum, b.p. 40-50°. s 

Salte Carolimc acid gives no precipitate even on standing overnight with silver nitrate (and no 
reduction), mercuric chloride, uranium acetate or normal lead acetate. .Ferric chloride «ives an 
nnmediate brown precipitate, soluble in excess to a bright orange -coloured solution. * Copper 
su p a e gives no immediate precipitate but on standing there is a copious separation of beautiful 
pure blue needles. Basic lead acetate gives a very heavy immediate precipitate completely soluble 
m excess. Barium or calcium chloride in presence of four volumes of ethyl alcohol gives a gelatinous 
precipitate tending to become crystalline on standing. 

_ s °l«tion ° f the acid is strongly acid to Congo red and only slowly reduces permanga- 
in cof f H 7 S rea§ent * Sl ° Wly giTOS a Slight yellcw P re «Pitete. The acid dissolves 

heLhLg to'wSS? 4 a COl ° m ' leSS S ° luti011 “ the C0ld whieh becomes dark brownish red on 

o crystallised from acetone, readily loses a molecule of water on drying at 80° 

CH “ WCIght at 8 °° l0St °' 0170g ' bt s O = 7-67 % H a O. (Theoretical for 

o fl ni 2 u 7 -.-u ( ii 10 U 6 = 7-76 %.) 

(Found for the dried substance: C, 50-81; H, 4-73 %; Mol. Wt. 223, 231; equivalent, 105 

MvZTeT ; T H ’ 4 ' 71 % S MoL Wt - 214; titrating as a’dibLic acid/lof 

' J matena 011 reerystallisation from acetone reverts to carolinic acid C 9 H 1(> 0 7 . 

Gl ° Hl f e \ Carli ° f id iS best purified by reerystallising from ethyl alcohol, from which 
on cooHng S ’ 176 °’ gi ™ g a Wn gummy melt *bich does not resolidify 

Molf wff’ The" 3 ” f'fi’ H ’ 4 t 4v 0CH 3 > nil. C 10 H 10 O g requires: C, 53-08; H, 4-46 %; 

,40 !;:S molecular weight found by the depression of the freezing-point of dioxan was 

formula of carhc acid C lo H 10 O 6 also follows from that of carolic acid C,H, O 

correspondillg t0 an eq “ of 113 ' 4 - 

Rotation . {a) Free acid in water: (c= 0-28) Fol =-160° u i , . 

and the solution, remained colourless. J ° ' Th lu<3 WaS not ehan S ed overnight 

(b) Disodium salt: (c =0-29; calculated as the disodium salt) IVI - - u-=> ti • , 

not changed overnight and the solution remained colourless ^ ' W&S 

If 75 ml 6tbyl «> othyl 

ether, light petroleum, b.p. 40-50°, or b^fooLT ^ C ° mPletely “ 5 °° ^ ethyl 

Iduf of f erifrchlf d™?* 6 T Standln§ ° Vernight silver nitrate (and no 

immediate brownish-yellow precipitate soluble te n ° mal lead acetate - Fe rric chloride 'gives an 
y ow precipitate soluble m excess to an orange-yellow solution. Copper 
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sulphate gives no immediate precipitate but after several days’ standing blue-green nodular crystals 
separate, which are quite different in colour from those given by carolinic acid. Basic lead acetate 
gives a very heavy precipitate which is readily soluble in excess. Calcium chloride in presence of 
four volumes of alcohol does not give an immediate precipitate, but on standing for several days 
a moderate precipitate is formed. Barium chloride in presence of four volumes of alcohol gives an 

immediate heavy floeculent precipitate. ! 

An aqueous solution is acid to Congo red, reduces acid permanganate fairly slowly and does ] 

not give a precipitate with Brady’s reagent. The acid dissolves in concentrated H 2 S0 4 giving a 

colourless solution in the cold, which becomes only pale brown on heating for some time at 140-150°. j 

Carlosic acid C 1 q H 12 O q . Carlosic acid is best purified by crystallisation from a large volume of 
boiling benzene from which it separates in fine colourless needles, m.p. 181°. 

* (Bound: C, 52-51, 52-62; H, 5-35, 5*30 %; OCH 3 , nil; Mol. Wt. 236, 242. C 10 H ia O« requires: 

C, 52-61; H, 5-31%; Mol. Wt. 228.) 

Titration. 0-1040 g. required 9-20 ml. Nj 10 NaOH corresponding to an equivalent of 113*1. 

(C 10 lI 12 O 6 titrating as a dibasic acid requires 114.) 

Rotations, (a) Free acid in water: (n — 0-21 ) [a] 5461 = - 160°. This value was unchanged overnight 

and the solution did not become coloured. 1 

( b ) Disoclium salt: (c=0*25 calculated as the disodium salt) [a] 5 46 i~ -150°. This value was 1 

unchanged overnight and the solution did not become coloured. I 

Solubilities. 1 g. dissolved in 14 ml. acetone, 30 ml. ethyl alcohol, 45 ml. ethyl acetate, 90 ml. water, 

250 ml. of chloroform or ether, 500 ml. benzene, but was not completely dissolved in 500 ml. light I 

petroleum, b.p. 40-50°. 

Salts. Carlosic acid gives no precipitate even on standing overnight with silver nitrate (and no I 

reduction), mercuric chloride, copper sulphate or calcium chloride in presence of four volumes of | 

ethyl alcohol. Ferric chloride gives an immediate brownish-vellow precipitate insoluble in excess . 

I* Uranium acetate gives no immediate precipitate but on standing for 2-3 days a characteristic 1 

copious semi- crystalline yellow precipitate separates. Both normal and basic lead acetates give I 

immediate very heavy precipitates soluble in large excess. Barium chloride in presence of four 1 

volumes of alcohol gives a floeculent white precipitate. _ I 

An aqueous solution is acid to Congo red, reduces acid KMn0 4 fairly slowly, and gives an ini- j 

mediate orange-yellow crystalline precipitate with Brady’s reagent, m.p. 135°. The acid dissolves I 

in concentrated H 2 S0 4 giving a colourless solution in. the cold which becomes only pale brown on 

heating at 140-150°. J 

Ramigenic acid C u H 20 O 6 . Ramigenic acid is precipitated on acidifying aqueous solutions of the j 

sodium salt in large prisms containing 1H 2 0 (a), which is lost on standing in vacuo over I 2 O s lor j 

several days. It crystallises in well-formed prisms from acetone-light petroleum {h). The acid j 

C 16 H 20 O 6 ,H 2 O softens slightly at 125° owing to loss of water, but does not melt. The anhydrous 
acid melts at 171°. 

(Found: (a) C, 59-24, 59-10; H, 6-62, 6-75 %; OCH s , nil. C 16 H 20 O 6 , H>0 requires: C, 58-86; j 

H, 6-80 %. ( b ) 0, 62*40, 62*30; H, 6-59,6-51 %; OCH 3 , nil. C 10 H 2O O 6 requires : C, 62*30; II, 6*54%.) 

Titration. 0-2343 g. of the acid C^Oe was dissolved in 20 ml. absolute alcohol and titrated to 

phenolphtlialein . The first pink flush (rapidly disappearing) was obtained after adding 7*70 nil j 

N/10 NaOH corresponding to an equivalent of 304 (C 16 H 20 O 6 titrating as a monobasic acid requires | 

308). A further 12-30 ml. A r /IQ NaOH (total 20-0 ml.) were added and the solution heated on the 

water-bath for 2 hours. On cooling and titrating, the red colour first disappeared after adding i 

5-24 ml. A T /10 H 2 S0 4 , corresponding to an equivalent of 158-8 (C 10 ,H 20 O 6 titrating as a dibasic acid 
requires 154). On standing, the solution became slowly pink, was deeoloiised by addition of a h-\\ 
drops of N/10 HoSO.j and, on standing, again became pink. The process was repeatable, indicating 
that the more difficultly opened acidic group responsible for the dibasic character closes with great 
ease in more acid solution. The solution was then acidified and allowed to stand. W t -foimt i 
| prisms having the characteristics of ramigenic acid separated, m.p. 171 (after loss of v ater at -o 

f and not depressed on mixing with an authentic sample. 
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Rotations, (a) Free acid in alcohol: (c=0-22) [a] 5461 = +28°. The rotation did not change over- 
night, and. the solution did not become coloured. 

(b) Sodium salt: (c=0-27; calculated as monosodium salt) [a] 5461 = +85°. The rotation did 
not change overnight, and the solution remained colourless. 

Solubilities. 1 g. dissolved in 14 ml. acetone, 16 ml. ethyl alcohol, 30 mb chloroform, 90 ml. ethyl 
acetate, 180 ml. ether, but was not completely dissolved in 500 mb water, benzene or light 
petroleum, b.p. 40-50°. 


Salts. Ramigenic acid gives no precipitate with copper sulphate, uranium acetate or with calcium 
or barium chloride even in presence of four volumes of alcohol. Silver nitrate is slowly reduced in 
the cold, giving a silver mirror on standing overnight. Ferric chloride gives a heavy pale brown 
crystalline precipitate, probably of ramigenic acid, the supernatant liquid being only light yellowish 
brown in colour. Mercuric chloride gives an immediate yellow colour with slow development of a 
heavy pale yellow precipitate. Normal and basic lead acetates give slight white precipitates. 

The acid is insoluble in water and an aqueous suspension is not acid to Congo red and reduces 
KMn0 4 immediately in neutral and more slowly in acid suspension. No reaction occurs with 
Brady’s reagent, but this may he due to the insolubility of the acid. The acid dissolves in con- 
centrated H 2 S0 4 giving a colourless solution in the cold which becomes pale yellow at 100° and 
dark brown at 140-150°. 


Verticillic acid C 2(i H^0 12 . Verticillic acid is best purified by allowing the boiling saturated acetone 
solution to stand overnight, when the acid separates in fine needles, m.p. 171°, giving a brown 
viscous melt which does not reset on cooling. 

(Found: 0, 58-06, 58-24; H, 6-04, 6-06 %; OCH 3 , nil. C 26 H 32 0 12 requires: C, 58-17; H, 6-02 %.) 

Titration. Verticillic acid on titrating in alcoholic solution behaves like an acid lactone; 0-1578 g. 
dissolved in 20 mb alcohol gave the first pink flush after the addition of 11-09 mb A 7 /IQ NaOH. The 
titration then became slow as for a lactone. After standing for three hours at room temperature 
with an excess of NaOH, the final titration was 11*74 mb N / 10 NaOH, corresponding to an 
equivalent of 134-5 titrating as the lactone of a tetrabasic acid requires 134). 

Rotations, (a) Free acid in alcohol: (c=0-40) [a] 6461 == — 53°. This value rapidly fell on stan din g and 
the solution became progressively more and more yellow in colour. The specific rotations after 10, 
15 and 45 minutes, 2, 5, 24, 48 and 72 hours were respectively - 47°, -44°, -36°, -35°, -34°, 
-28°, -20°, - 14°. 

(b) Sodium salt: (c=0*49, calculated as the tetrasodium salt) [a] 5461 initially = +46° and only 
slowly decreases to +41° after 24 hours, the solution becoming faintly yellow in colour. 

Solubilities. 1 g. dissolved in 45 mb ethyl alcohol, 270 ml. acetone, but was not completely dis- 
solved in 500 mb water, benzene, chloroform, ethyl acetate, ether and light petroleum, b.p. 40- 


Salts. Silver nitrate gives no precipitate, but reduction commences after 2-3 hours in the cold 
with the formation of a silver mirror overnight. Mercuric chloride gives an immediate heavy white 
precipitate with a yellow supernatant fluid. Ferric chloride gives a characteristic very intense 
brownish-red colour. Uranium acetate gives no precipitate but a characteristic orange-yellow 
colour. Slight precipitates are given with copper sulphate, normal and basic lead acetates and 
calcium or barium chloride in presence of four volumes of alcohol. 

An aqueous solution of verticillic acid is faintly acid to Congo red and reduces acid permanga- 
nate very readily in the cold. An alcoholic solution of the acid gives no immediate precipitate with 
Brady’s reagent, but an orange precipitate begins to separate after 12 hours. The acid dissolves in 
concentrated H 2 S0 4 giving a colourless solution in the cold which becomes pale yellow at 100° 
and dark brown at 140-150°. 

The molecular weights by the Rast camphor method for both verticillic and ramigenic acids 
were unsatisfactory, owing to the fact that they both decompose on heating at a temperature 
below that of the melting-point of camphor. The molecular formulae and have 

been assigned to verticillic and ramigenic acids respectively for the following'reasons : 

(a) Verticillic acid ( 1 molecule) on mild hydrolysis gives rise to 1 molecule of ramigenic acid and 
a Keto-acid which analyses for the empirical formula of (C 5 H 6 0 3 ) M . 



_ 
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(6) Ramigenic acid titrates in the cold as a monobasic acid, equivalent 304 (C 16 H 20 O 6 requires 
308). 

(c) Ramigenic acid with diazomethane gives a crystalline monomethyl derivative containing 
9*60 % OCH 3 and having an observed molecular weight by the Hast camphor method of 332 and 
340 (C 16 H 19 Q 5 OCH 3 requires 9-63 % OCH 3 and molecular weight 322). It follows therefore that the 
empirical formula for ramigenic acid must be C 16 H 20 O 6 and hence that for verticillic acid is C 2tJ H 32 0 12 . 

Summary and discussion. 


The metabolic products of a new mould species isolated from mouldy Italian 
maize, Penicillium Charlesii G. Smith, have been investigated. This mould was 
grown at 24° on Czapek-Box medium hi which glucose is the only source of carbon, 
and on Raulin-Thom medium in which glucose is the only carbohydrate present. 
The metabolic products isolated consist of two new polysaccharides and six 
hitherto undescribed optically active organic acids. 

The polysaccharides are a polygalactose [<x] 5790 = -84° and a polymannose 
[ 0 C ] 579 o= + 63° which give on hydrolysis d-galactose and ^-mannose respectively as 
the only carbohydrates. Both of these polysaccharides were formed on both media 
and their production in considerable amounts affords an interesting example of 
the ready conversion by a mould of glucose into mannose and galactose. 

The six organic acids isolated are as follows: (a) carolic acid C 9 H 10 O 4 , (h) caro- 
Jimic acid C 9 H 12 0 7 , (c) carlic acid C 10 H 10 O 6 , (d) carlosic acid C 10 H 12 O 6 , (e) ramigenic 
acid C 16 H 20 O 6 and (/) verticillic acid C 26 H 32 0 12 . Of these (a), (b) and (e) are 
dextrorotatory while (c), {d) and (/) are laevorotatory. The acids were isolated 
from the metabolism solution and separated from each other in a state of purity by 
taking advantage of their differing solubilities and of their varying precipitability 
by different metallic salts. 

It is a point of considerable microbiological interest to compare the products 
of metabolism of three species of Penicillium , all of which were isolated from 
mouldy maize, i.e. of P. brevi-compadum Bierckx (syn. P. stolo?iiferum Thom), 
P. Charlesii G. Smith, each of which was isolated from mouldy Italian maize, and 
P. puberulum Bainier from mouldy American maize. P. brevi-compadum produces 
from glucose the following series of optically inactive phenolic acids, each 
containing a benzenoid nucleus: C 17 H 20 O 6 , C lo H 10 O 7 , C 10 H 10 Q 6 , C 10 H 10 O 5 and 
C 8 H 6 0 6 [Clutterbuck et ah , 1932 ; Oxford and Raistrick, 1932; 1933, 1,2; Clutter- 
buck and Raistrick, 1933]. P. Charlesii on the other hand produces from glucose 
the following series of optically active non-benzenoid acids; G 2 0 H 32 O 12 , 

CUEjoOe , C 10 H 10 O 6 , C 9 H 12 0 7 and C 9 H 10 O 4 . It will be noticed that two acids having 
the empirical formula C 10 Hi 0 O 6 , but differing widely in chemical constitution, are 
produced by P. brevi-compadum and P. Charlesii , which curiously enough were 
isolated from the same sample of mouldy Italian maize. P. puberulum produces 
from glucose three organic acids, penicillic acid CgH^O^ [Alsberg and Black, 
1913], puberulie acid C 8 H 6 0 6 , and an acid C 8 H 4 0 6 [Birkinshaw and Raistrick, 
1932]. Each of these three acids is optically inactive and non-benzenoid in 

nature. . _ 0 

In view of the amazing variety of the metabolic products of diffeient species 
of Penicillia occurring in mouldy maize, some of which are known to be definitely 
toxic, it is tempting to enquire whether the possibility has been entirely ruled 
out that mould infection of maize has a connection with human pellagra. Most 
workers on human pellagra appear to agree that this disease is intimately con- 
nected in some way with the consumption of maize, Aykroyd [1933] divides the 
views which have been expressed as to the origin of pellagra under three headings : 
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(a\ theory of a maize toxin, _ 

(6) theory of amino-acid deficiency due to the low biological value of maize 

proteins, 

(c) theory of vitamin deficiency. 

It would he outside the scope of this paper to discuss (6) and (c), but we venture 
to raise the question as to whether the presence of toxic materials elaborated by 
organisms infecting maize may not form a contributory factor. In this con- 
nection it is of interest to note, to quote Aykroyd (page 343), that “Italian 
antipellagra policy is enshrined as a law passed in 1902 which was based on the 
theory of causation generally accepted at that date. The sale of spoiled (%.€,. 
infected) maize as human food was strictly prohibited, and local authorities were 
forced to acquire public desiccators and municipal reservoirs in which maize 
could be kept in good condition. 55 This is particularly interesting in view of the 
fact that the death rate per 100,000 of population from pellagra reported officially 
in Italy was 10-7 in the period 1896-1900, a figure which steadily decreased to 
0-2 in 1.928. On the other hand, in the United States of America where, so far as 
we are aware, no such law is in force as exists in Italy, the death rate per 100,000 
in 1924 was 2-5, increasing steadily to 6-4 in 1928 and being 5*9 in 1930. 

We desire to express our sincere thanks to our colleague Dr A. E. Oxford for 
the determination of the molecular weights of carolic and carlic acids, and to 
Mr W. K. Anslow for much technical assistance during the course of this work. 
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XVI L THE VITAMIN D ACTIVITY OF BUTTER. 

IL THE COMPLEX NATURE OF THE ANTIRACHITIC 
ACTION OF BUTTER. 


By STANISLAW KAZIMIERZ KON 
and ROLAND GORDON BOOTH. . 

From the National Institute for Research in Dairying , 

University of Reading. 

(Received January 1st , 1934.) 

In the first paper of this series [Kon and Booth, 1933, 2] evidence was brought 
forward to show that the antirachitic activity of autumn and winter butter cannot 
be quantitatively recovered in the non- saponifiable residue of these butters. 
Under exactly similar experimental conditions irradiated ergosteroi or cod-liver 
oil could be subjected to saponification either alone or mixed with winter butter 
without loss of potency, i.e. their non- saponifiable residues carried the whole of 
their antirachitic activities. 

Since then we have studied the effect of saponification on butters produced 
under summer conditions and also on butters rendered highly antirachitic either 
by direct irradiation with the quartz mercury vapour lamp, or by the feeding to 
cows of large amounts of irradiated yeast or of cod-liver oil. We have also at- 
tempted to concentrate the antirachitic activity of these various butters and of 
cod-liver oil by the method of alcoholic extraction used by Zucker [1922-23; 
1925; 1928] for the preparation of an active concentrate from cod-liver oil. 


Experimental. 

Methods. 

Most of the methods used for the saponification of butter for the preparation 
of olive oil dilutions of the non -saponifiable residues and for the animal tests 
have been described in the previous paper [Kon and Booth, 1933, 2]. The short 
saponification method was used throughout. For feeding, the non-saponifiable 
residues, Zucker extracts and other substances of which the doses given were too 
small for administration by 1 nil. calibrated volumetric pipettes were dissolved in 
ether and mixed with a small quantity of olive oil. After evaporation of the ether 
in vacuo , the remainder of the requisite amount of olive oil was added, the solu- 
tion was mixed by the aid of a vigorous stream of nitrogen and fed by means of 
standardised pipettes delivering drops weighing from 19 to 21 mg. The dilution 
was so adjusted that the requisite dose of non-saponifiable residue or other 
material was present in from 1 to 4 drops of the solution. 

In the distribution of animals for the feeding tests an endeavour was made to 
divide the litters as evenly as possible among the various substances undergoing 
test, and as a rale litter-mates were placed in all groups where comparison was 
especially desirable, such as the comparison between one level of raw butter and 
its equivalent as non-saponifiable residue. In these, as well as in the previous 
experiments [Kon and Booth, 1933, 2], not only was the degree of protection 
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afforded to rats by the various substances measured by the amount of ash in 
the dry defatted femora and humeri, but photographs were also taken, by the 
technique described in our previous paper, of sections of radii and ulnae stained 
with silver nitrate. The large number of rats used in the present tests precludes 
the publication of these photographs. The results arrived at by a study of these 
photographs were, in general, in excellent agreement with those based on the ash 
percentage. 

Experiments carried out in the summer of 1933 . 

Methods, {a) Summer butter from cows at pasture. The cows went out to grass 
on April 20th, 1933. Butters from seven bi-weekly churnings were collected 
between May 12th and June 5th and aliquot parts of these butters, after render- 
ing and filtering, were pooled. This period was very sunny throughout, there 
being an average of 5-6 hours of sunshine daily, to all of which the cows were 
exposed. The butter was saponified in the usual way on 3 occasions during the 
course of the experiment, the non-saponifiable residue being extracted with 
4 portions of ether instead of the usual 3. 

(b) Butters from cows receiving irradiated yeast 1 . Two groups of 2 Shorthorn 
cows each were maintained throughout the winter stall-feeding period 1933 on 
a ration identical with that fed to the typical herd of Shorthorns [Golding et al . , 
1932]. Towards the end of this period the ration of one group was supplemented 
with 50 g. of irradiated yeast daily, while the supplement to the other group was 
500 g. daily. In the case of group I, after 14 days of such supplementary feeding 
butter was made from the cream of the mixed milk of the 2 cows over a 2-day 
period. The butter was made in the case of group II from a similar sample of 
cream from the mixed milk of the 2 cows after the yeast had been fed for a period 
of 3 weeks. These butters were rendered and filtered in the usual way and kept 
in cold storage until required. They are hereinafter referred to as low-level and 
high-level yeast butter respectively. 

(c) Butter from cows receiving cod-liver oil 1 . The butter w T as produced at the 
same time and under the same conditions as that of the cows receiving irradiated 
yeast. This group of 2 cows was given, however, daily supplements of 4 to 6 oz. 
of cod-liver oil for one week and 8 oz. daily per cow for 2 following weeks before 
the butter was collected. 

(d) Irradiated butter. In preparing this butter we endeavoured to duplicate 
as far as possible the method of Steenbock and Wirick [1930] with the exception 
that we used for irradiation a sample of winter butter instead of June butter as 
used by these authors. The sample of winter butter collected between March 3 1st 
and April 4th, 1933, was rendered and filtered hi the usual way and stored until 
required. After melting, 45*36 ml. of the fat were run into a circular bright 
nickel-plated tray 19 cm. in diameter, thus giving a layer of fat 0*16 cm. thick. 
The butter was maintained in the fluid state and at a temperature not exceeding 
40° by being placed over a hot water-bath during irradiation. This was carried 
out for \ hour with a k.b.b. atmospheric type quartz mercury vapour lamp 
situated at a distance of 45*7 cm. from the melted fat. The lamp had previously 
been in use for about 200 hours and consumed 2*5 amp. with a potential across 
the burner of 132 V. After irradiation the butter was kept in cold storage and, 
when necessary, saponified in the usual way. 

(e) Alcoholic extract of winter butter prepared by a method similar to that of 
Zucker [1922-23; 1925; 1928]. 250 g. of pooled butter from bi-weekly samples 

1 The experiments dealing with the feeding to cows of irradiated yeast and of cod-liver oil will 
he reported in detail elsewhere. 
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collected between March. 13th and27th, 1933, were heated with 150 ml. of absolute 
ethyl alcohol until completely dissolved. The solution was vigorously shaken and 
allowed to cool and separate, and the alcoholic layer was then poured off. This 
extraction was followed by another with 100 ml. of 96 % alcohol and by two 
further extractions each with 75 ml. of 96 % alcohol. The combined alcoholic 
extracts were evaporated on the water-bath yielding 17-7 g. of a yellow oil. A part 
of this oil was saponified in the usual way. The residue from the alcoholic ex- 
traction was heated to about 45° and washed in a separating funnel with three 
successive portions of 100 ml. of hot water. It was then filtered and stored. 

In Table I are given the results of the tests. 

Table I. Summer 1933 . Prophylactic experiment . Antirachitic effect of various 
butters , of non-saponifiable residues from these butters and of an alcoholic 
extract and residue from one of them. Percentage of ash in dry defatted femora 
and humeri . 


The figures for ash percentage are averages of duplicate determinations on groups of 4 rats. 
In the Tables the dosages of non-saponifiable residues, Zucker extracts, etc. P are expressed in 
the equivalent of the butter from which the}? were derived. 


Positive controls 52*0 % ash 

Negative controls (7 rats) 31*2 % ash 

Substance tested 

Summer butter 

99 

97 


Non-saponifia,ble residue of summer butter, equiv 

99 99 99 

99 99 99 

99 99 99 

High-level yeast butter 

99 

99 

99 

Non-saponifiable residue of high-level yeast butter, equiv. ... 

99 99 99 

99 99 99 

99 99 99 

Low-level yeast butter 

99 

Non-saponifiable residue of low-level yeast butter, equiv. ... 

99 99 99 

99 99 99 

Cod-liver oil butter 


99 

Non-saponifiable residue of cod-liver oil butter, equiv 

99 99 33 

99 33 3 9 

Irradiated butter 

99 99 99 

Non-saponifiable residue of irradiated butter, equiv. 

Winter butter 

Zucker extract of winter butter, equiv. 

Non-saponifiable residue of Zucker extract of winter butter, equiv. 
Residue of winter butter after Zucker extraction, equiv. ... 
Biochem. 1934 xxvixx 


Dosage 

Ash 

g* 

% 

0*1 

36*1 

0*2 

42*8 

0*5 

49*5 

1*0 

53*5 

0*1 

36*1 

0*2 

38*7 

0*5 

44*0 

1*0 

49*8 

0*01 

46*0 

0*03 

50*4 

0*10 

51*1 

0*25 

52*9 

0*01 

45*2 

0*03 

50*3 

0*10 

50*8 

0*25 

52*4 

0*05 

38*0 

0*15 

49*7 

0*50 

53*5 

0*05 

39*1 

0*15 

46*0 

0*50 

50*6 

0*10 

38*1 

0*30 

48*6 

1*00 

51*8 

0*10 

38*0 

0*30 

42*5 

1*00 

48-3 

0*018 

49*8 

0*036-0*072 

50*4 

0*018 

49*9 

0*036-0*072 

50*4 

1*00 

48*0 

1*00 

35*2 

1*00 

35*1 

1*00 

46*9 


8 
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It is apparent from the table that neither the high-level yeast butter nor the 
irradiated butter has lost its potency as a result of saponification. In the case 
of the irradiated butter the experiment is unfortunately rather unsatisfactory. 
Owing to a misjudgment of the degree of protection afforded to the rats receiving 
the irradiated butter it was decided on the 15th day of the experiment to double 
the dosage in the case of the animals receiving the higher level of butter and 
obviously also in the case of the animals receiving the corresponding level of 
non- saponifiable residue. When the rats were killed it was found that the earlier 
diagnosis in vivo was quite erroneous and that not only the increased higher 
dosage but also the lower dosage had afforded a high degree of protection. It is 
therefore possible that, in the case of this butter, some destruction of the anti- 
rachitic factor might have taken place upon saponification, but that since the 
lower dosage was almost sufficient for complete protection, any slight destruction 
of antirachitic factor would not be apparent. 

In the case of the low-level yeast butter, no destruction is evident at the lowest 
dosage. On the other hand both the 0-15 and 0*5 g. levels of this yeast butter 
yield a definitely higher ash percentage than their corresponding non- saponifiable 
residues. 

A very similar condition prevails in the case of the cod-liver oil butter. There 
is no difference between butter and non-saponifiable residue at the 0*05 g. level, 
but here again, two higher dosages of butter yield higher ash percentages than 
their corresponding non-saponifiable residues. 

The same statement holds true in the case of summer butter. 

It will be noticed that the antirachitic activity of summer butter withstands 
saponification to a greater extent than that of autumn and winter butters. Our 
observations on butters collected in summer 1933 are in complete agreement with 
a preliminary test carried out on butter collected in the summer period 1932 
previously recorded by us [Kon and Booth, 1933, 1]. 

With regard to the Zucker extract of winter butter it is quite evident that, as 
far as this experiment goes, it would confirm Zucker and Barnett’s opinion 
[1922-23], quoted in our previous paper [Kon and Booth, 1933, 2], that the anti- 
rachitic activity of butter cannot be concentrated by their method. It is obvious 
that the loss is not due primarily to destruction of the antirachitic factor by 
saponification, as practically the whole of the activity was left in the residue, and 
the saponification did not in this case further diminish the already slight activity 
of the alcoholic extract. 

Experiments carried out in autumn 1933, first series . 

In this period we repeated our summer experiments with irradiated butter 
using dosages of 5 and 10 mg. These dosages were intended to afford an incomplete 
protection in order to obtain an unequivocal result as to whether or not destruc- 
tion occurred in this butter on saponification. We also prepared and tested in this 
period Zucker extracts of high-level yeast butter, irradiated butter, winter 
butter and cod-liver oil. It was obvious that before reaching any definite con- 
clusions with regard to the inapplicability of Zucker’s method to butter, we had 
to make sure that we could obtain by this method, and under our laboratory 
conditions, an active concentrate from cod-liver oil. As an additional check on 
our previous findings as to the effect of saponification upon the antirachitic 
potency of various butters we again saponified a sample of winter butter. 


Methods . (a) Irradiated butter. The same sample was used as in the previous 
summer experiment. This had been kept in the ice- chest throughout the inter- 
vening period. The methods of saponification and of feeding the butter and its 



VITAMIN D OF BUTTER 


115 


non- saponifiable residue were exactly as previously described, but four ethereal 
extractions of the non-saponifiable residue were made from the saponification 
mixture. 

(b) Preparation of the Zucker extracts. For the preparation of Zucker extracts 
we used the same high-level yeast butter and irradiated butter as in our summer 
experiment. The cod-liver oil was from the bulk given us by Dr Coward for use in 
our previously reported experiments [Kon and Booth, 1933, 2], while the winter 
butter was from a pooled sample collected bi-weekly between February 10th and 
March 14th, 1933. The Zucker extracts of all these substances were made in 
exactly the same way. 20 g. of the substance to be extracted (200 g. in the case 
of winter butter) were mixed with 25 ml. of absolute alcohol (250 ml. in the case 
of winter butter) and were shaken on a mechanical shaker for H hours. The butter- 
alcohol mixtures were, before shaking, heated sufficiently to melt the butter-fat. 
In all, four extractions were made, the same amount of alcohol being used for the 
second extraction as for the first, while in the last two extractions the amount of 
alcohol used was halved. After each of the first three extractions the oils were 
allowed to settle, and the alcoholic layer was siphoned off; after the last extrac- 
tion the mixtures were centrifuged before the alcoholic layer was siphoned off. 
In each case the bulked extracts were concentrated on the water-bath, while 
the residues were washed four times with hot distilled water. The following yields 
were obtained: 

Cod-liver oil 2 g. extract from 20 g. original oil. 

Irradiated butter 5-08 g. extract from 20 g. original butter-fat. 

High-level yeast butter 5*69 g. extract from 20 g. original butter-fat. 

Winter butter 52*15 g. extract from 200 g. original butter-fat. 

No special effort was made to recover the residues quite quantitatively, as the 
amounts used were far in excess of the requirements for the feeding tests, but for 
the purposes of dilution and feeding it was always assumed that the weight of the 
residue was equal to the weight of the original substance less the weight of the 
extract. It will be noticed that this method of extraction, which follows almost 
exactly that recommended by Zucker [1925; 1928], gives a much greater yield 
of extract from butter than the modification used ill our summer experiment. 

The methods of saponification and feeding of the Zucker extracts and residues 
and of their non- saponifiable residues were as previously described. The same 
applies to the saponification and feeding of winter butter; in all cases the soaps 
after saponification were extracted with four successive quantities of ether. 

In Table II are given the results of these tests. 

It can be seen that neither of the two levels of irradiated butter fed this time 
was sufficient to bring about complete protection. While the non- saponifiable 
residue of the lower level gives a slightly lower percentage of ash than the butter 
itself the reverse is true hi the case of the higher level, and as these differences are 
well within the experimental error it is obvious that the antirachitic factor of 
irradiated butter can be quantitatively recovered in the non-saponifiable residue 
of the latter. 

The saponification of winter butter has again resulted in a very incomplete 
recovery of its antirachitic activity in the non-saponifiable residue. 

The results with the Zucker extracts have been rather unexpected. It is 
obvious from our figures that our Inability to extract the vitamin D potency by 
this method is not restricted to winter butter alone, or even to butters of an 
enhanced antirachitic potency completely recoverable after saponification, but 
extends to cod-liver oil. It will be noticed that, while in the case of the latter the 
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Table II. Autumn 1933. Prophylactic experiment , first series . Antirachitic effect 
of Zucker extracts and residues from cod-liver oil and various butters before and 
after saponification ; antirachitic effect of the original butters and cod-live •? o£Z 
awl 0 / the non-saponifiable residues of two of the butters. Percentage of ash in 
dry defatted femora and humeri. 

The figures for ash percentages are averages of duplicate determinations on groups of 4 rats. 

Negative controls 34-9 % ash 


Substance tested 


High-level yeast butter 

Zucker residue of high-level yeast butter, equiv. 

Zucker extract of high-level yeast butter, equiv. 

Non-saponifiable residue of Zucker extract of high-level yeast butter, 
equiv. 


0-010 

0-010 

0-010 

0-010 


44*8 

33*7 

35*7 

35*9 


Cod-liver oil 

Zucker residue of cod-liver oil, equiv 

Zucker extract of cod-liver oil, equiv _ ... 

Non-saponifiable residue of Zucker extract of cod-liver oil, equiv. 


0-0008 48-4 

0-0008 44*7 

0-0008 32*9 

0-0008 33*9 


Irradiated butter 


0-005 44*8 

0-010 46*9 


Non-saponifiable residue of irradiated butter, equiv 

Zucker residue of irradiated butter, equiv . 

Zucker extract of irradiated butter, equiv. ... 

Non-saponifiable residue of Zucker extract of irradiated butter, equiv. 


0*005 

0*010 

0-010 

0-010 

0-010 


43*7 

47*6 

35*9 

37*9 

38*0 


Winter butter 

Non-saponifiable residue of winter butter, equiv 

Zucker residue of winter butter, equiv 

Non-saponifiable residue of Zucker residue of winter butter, equiv. ... 

Zucker extract of winter butter, equiv > ... 

Non-saponifiable residue of Zucker extract of winter butter, equiv. ... 


0*700 47*3 

0-700 35*4 

0-700 37-2 

0-700 33-6 

0*700 36*4 

0-700 33-1 



residue after extraction seems to have retained a large part of its antirachitic 
potency, in the case of all the butters both the extract and the residue are only 
very slightly active. But even here the extract and residue of winter butter have 
suffered further loss on saponification. 

Shipley et at. [1924] report that alcoholic extracts of butter-fat may contain 
appreciable amounts of antirachitic potency while the alcohol-insoluble residue 
was found by them to be inactive. 

Experiments carried out in autumn 1933, second series. 

Autumn butter collected in this period was tested for its antirachitic potency 
before and after saponification. The results of these tests were again in complete 
agreement with our previous experience with autumn and winter butters. At the 
same time, other experiments were carried out. These will be reported in the 
following paper. 

Methods. The butter used in this experiment was collected between October 
16th and November 16th, 1933. Five saponifxcations were carried out, the 
last four on the previous week’s churnings, while in the first one a 3 days’ sample 
was used. In order to ensure as perfect a recovery as possible the non-saponifiable 
residue was extracted on these occasions 5 times with ether. 

The autumnal rains which followed the very dry and hot summer of 1933 had 
produced an exceptionally good crop of grass for this time of the year, and the 
"butters, especially the first 2 or 3 samples, were therefore much more highly 
coloured than is usual under our conditions at this season. In fact the yellow 
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pigmentation and the vitamin A content of these butters were higher than those 
of the summer butter tested in the first series of experiments reported in this 
paper. On the other hand the actual sunshine to which the cows were exposed 
was in this case only 3*16 hours daily. The intensity of solar radiation at this time 
of the year was also obviously less than in summer. Observations on the colour 
and vitamin A. activity of these butters will be reported in detail elsewhere. It 
might be mentioned here, incidentally, that the depth of yellow coloration and/or 
of vitamin A activity of a butter cannot be used as a reliable guide to its 
vitamin I) activity. 

In Table III are given the results of the tests. 

Table III. Autumn 1933. Prophylactic experiment , second series. Antirachitic 
effect of autumn butter and of its non-saponifiable residue . Percentage of ash in 
dry defatted femora and humeri . 

The figures for ash percentages are averages of duplicate determinations on groups of 4 rats. 

Positive controls (2 drops of c.l.o. daily) 52*3 % ash 
Negative controls 33*2 % ash 


Substances tested 

Dosage 

g* 

Ash 

0/ 

/o 

Autumn butter 

0*25 

40*8 

99 

0*50 

47*1 

99 

1*00 

52*9 

Non-saponifiable residue of autumn butter, equiv. ... 

0*25 

34*6 

99 

0*50 

39*1 

99 99 

1*00 

40*3 


This autumn butter is more potent than that collected at the same time during 
the previous year ; on the other hand it is less potent than the sample of butter 
collected and tested in summer 1933. The loss of potency after saponification is 
quite marked and, as the non-saponifiable matter had been in this case so 
thoroughly extracted, this loss of potency in the course of saponification must be 
real and cannot be due to faulty extraction. 

Experiments carried out in autumn 1933 , third series . 

The experiments carried out in this series were chiefly of a routine nature and 
formed part of our regular estimation of the antirachitic factor of butter by the 
curative line test technique. This latter has been described in our previous paper 
[Kon and Booth, 1933, 2], The autumn butter was fed at three levels: 0*25, 0*5 
and TO g. daily before and after saponification. 

The two lower levels of butter failed to give any definite signs of healing while 
4 out of 5 rats receiving TO g. of butter showed such signs varying in intensity 
from an indication of a line to a medium broken line. The lower potency of the 
non-saponifiable residue is shown by the fact that in only 2 out of 5 rats receiving 
the highest level are specks of calcification to be found. 


Discussion. 

Before devoting our attention to what we believe to be the positive results of 
our work, we would like to discuss briefly a negative finding, i.e. our inability to 
obtain an active extract from cod-liver oil by the method employed by Zucker 
[1922-23 ; 1 925 ; 1 928] . When in the summer of 1 933 we prepared the Zucker extract 
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from butter and found it inactive we thought that this finding very definitely 
lent support to our contention that a chemical difference exists between the 
antirachitic agent of butter and other antirachitic agents. Obviously the validity 
of this finding stood or fell with our ability to obtain by the same method an 
active extract from cod-liver oil. Our failure to obtain such an extract is definitely 
not due to a destruction in the course of extraction, as the residue after extraction 
was found to contain the major part of the original activity. That highly active 
concentrates can be, and are, prepared from cod-liver oil by the method of Zucker 
we do not doubt. Such extracts are produced under Zucker’s patents [Zucker, 
1925; 1928] on a large scale in the United States and are, as Zucker [1933, 1, 2] 
reports, regularly used for enhancing the antirachitic potency of bread and milk. 

" We do not know what grades of cod-liver oil are used in this process. The cod- 
liver oil unsuccessfully used by us was one of very high vitamin D content 
(250-300 International units per g.) and was a high grade medicinal oil kindly 
given us by Dr Coward. It is conceivable that the acidity of the oil may play 
a vital part in the process of extraction, and that vitamin D could be extracted 
from oils of high acidity but not from neutral oils. This is merely an assumption, 
but the fact remains that our results in this respect are of no use in elucidating 
the difference between the antirachitic factor of butter and that from other 
sources. 

In our first paper [Kon and Booth, 1933, 2] we reported observations on the 
effect of saponification on butters collected in autumn and winter. We observed 
that only a small fraction of the original antirachitic activity of these butters 
could he recovered in the non-saponifiahle residues. At that time we abstained 
from making any suggestions regarding the possible abnormal behaviour of the 
antirachitic activity of butters in general, especially as we had been led by 
preliminary experiments [Kon and Booth, 1933, 1] to believe that butters may 
differ in this respect. Since then we have examined a variety of butters, and we 
have found that while the activity of some of them is markedly reduced by 
saponification, the antirachitic potency of others will withstand this treatment 
just as well as those of cod-liver oil and irradiated ergosterol. 

When the butters examined by us are placed in an ascending series according 
to the degree of recovery in the non- saponifiable residue of their original anti- 
rachitic activity, it becomes at once evident that these butters are also graded in 
another respect- — namely that they have been simultaneously arranged in ascend- 
ing order of original antirachitic potency. In other words, the greater the potency 
of the butter, the more complete in our experience is the recovery of this potency 
after saponification. 

The loss of potency on saponification is never complete, a loss of about 80 % 
of the original potency seems to be the maximum we have experienced. Such is 
the case with the least potent of the butters collected in autumn and winter. Any 
increase of potency above this practically basal level Is accompanied by a corre- 
sponding, and, apparently, quantitive increase in the activity recoverable after 
saponification. We are therefore led to believe that at least two factors antirachitic 
for the rat are present in the butters which we have so far examined. One of them 
is clearly destroyed or diverted into a fraction other than the non- saponifiable 
residue during the course of saponification. The other behaves in an orthodox way. 
'Whether this latter factor is to be identified with the vitamin D of cod-liver oil, 
whether it is the same as irradiated ergosterol, or whether, possibly, it differs 
from those two recognised factors, we are at present obviously not in a position 
to say. We only know that it shares with those two factors their resistance to 
saponification. It has been so far our experience that, by whichever method we 
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attempted to increase the antirachitic activity of the butter, the added factor 
behaved in a normal way. 

It would therefore appear that while the cow possesses the ability of secreting 
into her milk not only vitamin D but also another substance or property anti- 
rachitically active for the rat, the yield of this substance cannot be .influenced 
either by changes in the natural conditions such as changes from winter to summer 
types of feeding, or by massive feeding of highly potent carriers of vitamin D 
activity, or, lastly by direct irradiation of the butter. The cow thus appears to 
be able to produce a novel antirachitic agent, but definitely does not rely for its 
production upon any exogenous source of vitamin B sensu stricto , whatever this 
term implies. A physiological conversion of added known forms of vitamin B 
into the novel form found in butter has not, in our experience, been found to occur. 

As far as we can judge, this factor would seem constant in all the butters and 
always present in the same amount in a given bulk of butter. Thus, for example, 
it might constitute 75 % of the antirachitic activity of a butter of which 1 g. daily 
is required to give almost complete protection. When on the other hand the 
activity of such a butter is raised nearly a hundred times and 10 mg. of this 
butter nearly suffice to afford complete protection, the orthodox factor only is 
increased and the role played by the unresistant factor becomes so small that its 
loss on saponification is not noticeable. 

Summary. 

1 . The following butters have been tested for their antirachitic potency both 
before and after saponification : (a) butter from cows on summer pasture, (b) but- 
ters from cows having received two different levels of irradiated yeast, (c) butter 
from cows having received cod-liver oil, (d) irradiated winter butter. It was 
found that the antirachitic value of high-level yeast butter and of irradiated 
butter could be recovered practically completely in the non-saponifiable residue, 
while the remaining butters suffered a more or less marked loss in the course of 
saponification. These butters, however, including summer butter, were definitely 
more resistant to saponification than the autumn and winter butters reported on 
in the previous paper of this series. 

2. In confirmation of previous work it was found that a large part (over 
75 %) of the potency of autumn and winter butters was either destroyed or 
diverted to another fraction on preparation of the non-saponifiable residues. 

3. The greater the initial antirachitic potency of the butter, the greater is the 
proportion of the potency recoverable in the non-saponifiable residue. 

4. It is suggested that at least two factors antirachitic for the rat are present 
in butter ; a factor which is not recoverable in the non-saponifiable residue, and 
the usual vitamin D (whatever this term may imply), which is resistant to 
saponification. By exposure to summer conditions or by the feeding to cows of 
highly antirachitic substances such as irradiated yeast or cod-liver oil the con- 
centration of the stable factor but not of the labile factor of butter can be 
markedly increased. Direct irradiation of the butter also leads to the formation 
of the stable factor only. 

5. Attempts to achieve a chemical separation of the labile and stable anti- 
rachitic factors of butter by submitting butters of varying potency to extraction 
with alcohol, following the method of Zucker, failed in so far as we were unable, 
contrary to Zucker’s findings, to extract by this method the antirachitic potency 
of a high grade cod-liver oil, or, in agreement with Zucker, to^ extract that of 
butter. 




Our best thanks are due to Capt. J . Golding and Prof. H. D- Kay for helpful 
criticism, to Miss D. V. Bearden for the churning of butters and to Mrs S. K. Kon 
for much help in the preparation of bones for analysis. 
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XVIII. THE VITAMIN D ACTIVITY OF BUTTER. 
III. AN ATTEMPT TO ELUCIDATE THE NATURE OF 
THE LABILE FACTOR IN BUTTER ANTIRACHITIC FOR 
THE RAT. THE ANTIRACHITIC POTENCY OF LARD, 
OLIVE OIL, EGG OIL AND THE FATTY ACIDS OF 
BUTTERS AND LARD. 

By STANISEAW KAZXMXERZ KON and ROLAND GORDON BOOTH. 

From the National Institute for Research in Dairying , University of Reading. 

(. Received January 1st, 1934.) 

In the previous paper of this series [Kon and Booth, 1934] we have summarised 
the evidence which points to the existence in butter of two factors antirachitic 
for the rat, the differentiation between the two factors being based upon the 
inability to recover one of them in the non- saponifiable residue of butter. 

The present paper deals with a description of our efforts to elucidate the 
nature of the labile factor. 

Our experiments were carried out in three main directions. 

1. Firstly, we thought it advisable to investigate the effect of saponification 
on the antirachitic potency of eggs. With the exception of fish-liver oils and of 
some oils of marine animals, egg oil is probably the most concentrated natural 
source of vitamin D activity. Excluding such additions to the diet as cod-liver 
oil and fish meal it would seem that the exogenous sources of the antirachitic 
factor, or factors, available to the laying hen kept on open range are very similar 
to those placed at the disposal of the cow. Exposure to sunshine is common to 
both, as is also the consumption of grass, though in the latter case obviously 
in different relative quantities. We know of no marked difference in the 
qualitative or quantitative sense between the vitamin D activity, if any, of the 
other basal vegetable constituents of the diet of either the hen or the cow. 

We therefore studied the effect of saponification on the antirachitic activity 
of eggs obtained from liens kept on open range and receiving no addition of 
either fish meal or cod-liver oil to their diet. 

2. Secondly, we examined the fatty acid fraction of butters for antirachitic 
action. 

Some ten years ago, Zucker and Barnett [1922-23], in trying to explain their 
failure to concentrate the vitamin D activity of butter in a manner successfully 
used by them in the preparation of an active concentrate from cod-liver oil, 
advanced the hypothesis that the antirachitic activity of butter as measured on 
the rat might be largely, if not solely, due to the action of the fatty acids of 
butter combining with the dietary calcium and causing the excretion of increased 
amounts of calcium from the gut in the form of calcium soaps. While we do not 
necessarily agree with Zucker and Barnett’s explanation of the mechanism of 
fat action, we were nevertheless impressed, as they were, by the possibility of 
the saponifiable fraction of butter playing a role in the total antirachitic activity 
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of the latter. We have therefore planned and carried out experiments which, in 
our opinion, might help in elucidating the problem. 

Zueker and Barnett’s suggestion, as far as we understand it, was made in an 
attempt to reconcile the success of their method of concentrating the antirachitic 
factor of cod-liver oil with the failure of this method as applied to butter and 
other substances. It was not based on experimental evidence derived from the 
feeding to rats of the fatty acids of either butter or of the vegetable fats 
mentioned in their paper. We [Kon and Booth, 1934] have not only failed to 
extract by the above method the antirachitic activity of butter, but were 
equally unsuccessful in the case of cod-liver oil. On this basis, therefore, we see 
no a priori reason for ascribing the antirachitic activity of butter, partly or 
wholly, to its fatty acid moiety. Nevertheless, the peculiarities of the etiology 
of experimental rickets in rats make it imperative to investigate experimentally 
the possible role of the fatty acid fraction of butter. The rachitic condition in the 
rat cannot be brought about by a deficiency of vitamin D alone. A rachitogenic 
diet must also be grossly abnormal in the proportion of its mineral constituents 
in order to produce a good degree of rickets. It is well known [Karelitz and 
Shohl, 1927 ; Brown et al ., 1932; Shohl et al., 1932 ; Key and Morgan, 1932] that 
the mere addition of phosphorus to a rachitogenic diet, or the withdrawal of a 
part of the calcium, produces the same effect as if an antirachitic substance had 
been added to the otherwise unchanged diet. It is, therefore, evident that any 
substance which would alter the calcium and phosphorus metabolism of the 
rachitic rat, either by increasing the excretion of calcium or by facilitating the 
uptake of phosphate from the gut, will behave, in bringing about a prevention or 
cure of the rachitic condition, in a manner indistinguishable from that of a true 
antirachitic agent. 

The smaller the original potency of a butter the larger is the amount which 
it is necessary to feed to ascertain its antirachitic activity. It should be 
remembered that, as the fatty acids of butter weigh almost as much as butter 
itself, the amounts of fatty acids which it is necessary to administer to the rat 
when testing butters of low or moderate activity are quite considerable. There 
is ample evidence which has been lately summarised by Boyd et al. [1932] that 
fatty acids play a very definite role in the metabolism of calcium and phosphorus 
in the rat. 

Under the second heading also must come our experiments in which we fed 
to rats the non-saponifiable residue simultaneously with the fatty acid fraction of 
butter. If that part of the activity of butter which is not recoverable after 
saponification is due to the antirachitic action of the fat, then such a “recon- 
stituted” butter should regain its original activity. 

We found it impossible to feed fatty acids separately from the diet by pipette 
as we feed butters. The higher melting-point formed one obstacle. A more 
serious one was the refusal of the rats to consume the fatty acids when given by 
pipette. These had therefore to be fed incorporated in the diet and as a check 
we thought it desirable to feed butter likewise incorporated in the diet. 

3. Lastly, we fed to rats a vegetable fat, olive oil, and an animal fat, lard, in 
quantities comparable with those administered in the case of butters of low or 
moderate antirachitic activity. 

Olive oil is generally recommended for use and is used as a diluent for cod-liver 
° i so * vent ^ or irradiated ergosterol. In small quantities high grade olive oil 
which has not been exposed to sunlight is antirachitically quite inert. The effects, 
1 °r ^ ar ^ e 9 lian tiUes of this fat would therefore, in our opinion, throw a 

valuable light on the fatty acid hypothesis of the antirachitic activity of butter. 
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The use of lard as a constituent of a rachitogenic diet composed mainly of 
purified foodstuffs has been suggested by Osborne and Mendel [1923] and 
Smith and Mendel [1930]. These authors advise the use of diets containing 
lactalbumin or edestin, starch, a phosphorus-free salt mixture and from 0 to 
24 % lard. For this reason we chose lard as a representative animal fat which 
might be considered to be antirachltically inert. 

Experimental. 

Methods. 

1. Egg oil . Fresh eggs were obtained at the end of June 1933 from Light 
Sussex hens on open range and receiving a grain mixture containing meat meal 
but no cod-liver oil or fish meal. Eggs were also collected at the end of October 
1933 from the same hens receiving the same diet. 

The yolks of the eggs were carefully separated from the whites, and after 
adding an equal volume of 8 % NaCI [Jukes and Kay, 1932] they were extracted 
three times with ether, the third extract being almost colourless. The extract was 
washed twice with water, dried over anhydrous Na 2 S0 4 and the ether evaporated 
after filtering. For feeding, the egg oil was diluted with olive oil in the usual 
way. After saponification of 10 g. of egg oil the mixture of soaps was extracted 
seven times with ether using one portion of 75 ml. and six portions of 50 ml. This 
number of extractions was necessary in order to remove the bulk of the colouring 
matter (xanthophyll) . It is very probable that a smaller number of extractions 
would have effected a quantitative recovery of the antirachitic factor. The 
non-saponifiable residue was dissolved in olive oil for feeding as previously 
described. 

2. Fatty acids . All the fatty acids discussed below were prepared by the 
following method. After removal of the non-saponifiable residue from saponified 
butter or lard the soaps were acidified with sulphuric acid and the fatty acids 
extracted three times with ether. The ethereal solution was washed twice with 
water and dried over anhydrous Na 2 S0 4 . The ether was then removed, firstly 
on the water-bath and then under diminished pressure. This method of 
recovery is not quite quantitative, losses occurring in the lower volatile and 
water-soluble fatty acids. For feeding, the fatty acids were incorporated in diet 
2965 of Steenbock by dissolving them in ether, mixing the solution with the diet 
and subsequently allowing the solvent to evaporate. The fatty acids derived 
from the following butters and lard were prepared and fed 1 : summer butter ; 
Irradiated butter; autumn butter; high-level yeast butter; winter butter ; home- 
rendered lard. Records of food intake of the several groups of rats receiving 
these fatty acids were kept. As in the case of all other substances tested, each 
fatty acid and level of fatty acid was fed to groups of 4 rats kept in one cage. 
The food records give therefore the average amount of fatty acid consumed by 
any rat in the group. It will be remembered [Kon and Booth, 1933; 1934] that 
all substances fed separately from the diet were administered on weekdays only, 
while the substances incorporated in the diet were given seven times a week. There- 
fore to give a true impression of the antirachitic activity, if any, of the fatty 
acids we give in the following table average weekly consumptions. The fatty 
acids were usually fed in the same experiments as those involving the feeding of 
the corresponding original fats and their non-saponifiable residues. Whenever 
several samples of butter were saponified in the course of one feeding test, fresh 

1 The corresponding butters were discussed in our previous paper [Kon and Booth, 1934]. 



samples of the corresponding fatty acid- containing diets were prepared on the 
same days as those on which the changes were made in the feeding of the fats 
and non-saponifiahle residues. 

When fatty acids were fed to rats simultaneously with the administration of 
the non - saponifiable residues, the fatty acids were fed exactly as described above, 
and the non-saponifiable residues were administered six times a week in the 
usual way. 

For feeding in the diet the butter-fat was melted and poured over the 
requisite amount of the 2965 rachitogenic diet and was then well kneaded in by 
hand until a perfectly homogeneous material was obtained. The bulk of this was 
stored in a cold place. These diets were fed and food intake was recorded in the 
same way as in the case of fatty acids. 

3. {a) Olive oil. The olive oil was fed by pipette separately from the diet in 
an exactly similar manner to the butters. It was a high grade first . pressing 
Italian oil which had been used by us with complete satisfaction as a diluent for 
cod-liver oil and the International Standard of Vitamin D, and as a solvent for 
the various non-saponifiable residues and other substances requiring dilution. 

( b ) Lard. Three samples of lard were tested, two of them were purchased 
from a local grocer and were both of American origin. It is quite possible that 
they may have been both from the same consignment, but we prefer to consider 
these lards as separate specimens. The second sample was from a bulk labelled : 
“White Rose Pure Lard, Bold Quality, Buffalo, XJ.S.A.” 

The third sample was a lard rendered by us from the leaf fat of 4 pigs 
slaughtered at bacon weight at the end of September 1933 when 7 months old. 
For the last 4 months of life they had been kept indoors without access to sunlight 
and grass and had been maintained on the following diet : 



Barley meal 48*0 % Middlings (Weatings) 35-0 % 

Soya-bean meal 6*0 Meat meal 4*6 

Dried whole milk 5*0 Ground limestone 1*75 

Sodium chloride 0*25 % 

It is reasonable to suppose that the vitamin D reserves, if any, of these animals 
were of a low order. For rendering, the chopped fat was heated in a pail 
immersed in boiling water and the fat filtered through cheese-cloth, allowed to 
settle and set, remelted and filtered through a fluted filter. 

The first sample of lard was fed only as such. The second and third samples 
were fed both before and after saponification. The non-saponifiable residues 
were extracted four times with ether. The lards were given by pipette separately 
from the diet. One level of the first sample was fed mixed in the diet. 

It will be seen from Table I that there is no difference between the anti- 
rachitic effects of doses of summer egg oil and those of corresponding levels of 
the non-saponifiable residues of the same oils. On the other hand the highest of 
the three levels tested did not afford more than a slight degree of protection. A 
reference to the previous paper of this series [Kon and Booth, 1934] will show 
that, although in the case of summer butter and of cod-liver oil butter there was 
no difference between the antirachitic effects of the butter and of its non- 
saponifiable residue at the lowest level of intake, which gave an ash percentage 
similar to that produced by the highest level of egg oil, definite differences could 
be noted at the higher levels. In the light of our experience with summer egg oil 
the levels of autumn egg oil were better selected, but unfortunately an error was 
made in the dilution of the non-saponifiable residue which was made up to twice 
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the concentration of the original oil. The results might be interpreted as indi- 
cating a certain loss of the antirachitic potency during the course of saponifica- 
tion. We would prefer for the time, however, to consider these figures as incon- 
clusive. It should be mentioned here that Hess and Weinstock [1924] found that 
the non-saponifiable residue of egg-yolk was antirachitically active and obtained 
a preparation about 90 times as concentrated as the original yolk. We are 
planning to investigate the effect of saponification on eggs from the same source 
as those obtained and tested by us in summer and autumn, but collected in 
February when their antirachitic potency should be at its lowest/ 

The feeding of the olive oil at a 1 g. level had a definite effect upon the 
severity of the rachitic condition. It will be noticed that the bones of rats 
receiving this quantity of olive oil contained 7 % more ash than those of the 
negative controls. 

The results of feeding the first sample of the American lard were quite 
startling. The antirachitic effect of this lard was, if anything, better than that 
of the summer butter fed at the same time. (The figures for this butter are given 
in the previous paper [Kon and Booth, 1934].) No records of food consumption 
were kept in the case of lard incorporated in the diet, but an average con- 
sumption of 8 g. per day would imply the ingestion of 1*5 g. of lard. It would 
appear that lard incorporated in the diet is less antirachitically effective than 
when administered separately from it. 

The second sample of American lard was also, comparatively speaking, very 
potent and gave results similar to those produced by the first sample. The 
non-saponifiable residue gave definitely lower values than the lard itself, and the 
degree of loss was very similar to that which occurred in the case of summer 
butter. 

The home-rendered lard was less potent than the two American lards. Very 
marked loss took place here after saponification, the rats receiving the non- 
saponifiable residue being indistinguishable from negative controls. 

Drummond et ah [1920], in a paper written before vitamins A and D were 
differentiated, stated that the addition of lard obtained from pigs receiving an 
ample supply of the fat-soluble vitamin definitely increased the growth and 
improved the condition of rats kept on a diet deficient in this factor, while lard 
from, a pig without such supply of vitamin failed to do so. Quite recently (since 
this work was started) Read and Bailey [1933] have stated that some lards may 
contain an appreciable amount of vitamin D, while others contain an in- 
appreciable amount of this factor. 

On reviewing the antirachitic effect of fatty acids it is apparent that their 
action, though slight, is unmistakable. With the sole exception of those of high- 
level yeast butter the fatty acids, even at a level of 1 g. daily, do not increase the 
ash beyond 40 % . The case of the high-level yeast butter fatty acids requires 
some explanation. These fatty acids fed at a level of approximately 0-12 g. daily 
produced an ash percentage of 43*1, quite definitely higher than that given at the 
same time by the negative controls. On the other hand the degree of protection 
afforded by this amount of fatty acid is lower than that given by one-twelfth 
this amount of the original butter. This was the only fatty acid of this series 
which was separated from the non-saponifiable residue by only three ether 
extractions. If only 5 % of the non-saponifiable residue were left in the fatty 
acids, which under these circumstances is quite possible, the activity of this 
sample of fatty acids would be accounted for. 

In the case of the remaining fatty acids which had all been separated from their 
non-saponifiable residues by four or, in the case of autumn butter, five extrac- 
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tions, no activity ascribable to the non-saponifiable fraction would seem to be 
left in the acids. The activity of the acids does not seem to bear any relation to 
the original total activity of the fat but appears to be proportional to the amount 
of fatty acid consumed. Thus for example the fatty acids of irradiated butter, 
though fed at almost three times the level of the original irradiated butter, gave 
an ash percentage actually lower than that given by the negative controls for 
this group of experiments, though the irradiated butter fed at the lower level 
afforded almost complete protection. 

The combination of fatty acids and non-saponifiable residue of autumn 
butter gave, at the higher level of 1 g., only a slightly lower value than that 
produced by 1 g. of untreated butter. On the other hand the combination of 
fatty acid and non-saponifiable residue proved definitely less effective at the 
lower level of 0*5 g. than the corresponding amount of untreated butter. 

When the butter was incorporated in the diet instead of being fed separately 
from it, the ash percentages were definitely lower in the former than in the latter 
case, although on the basis of food consumption slightly more butter was 
consumed by the animals which received it as an admixture to the diet. As 
already stated we noticed this phenomenon also in the case of lard. 

Discussion. 

In order to appraise the significance of the experimental results described in 
this paper the following points should, in our opinion, be taken into consideration. 

Firstly, with regard to its antirachitic properties lard behaves in a way very 
similar to that of butter. Different samples of lard display activities ranging 
from that of winter to that of summer butter, the antirachitic potency being lost 
on saponification in a way closely resembling that found in the case of butter, 
the loss being less marked in the more potent sample. 

Secondly, when fed at 0*5 and 1*0 g. levels all fatty acids seem to have had a 
definitely measurable antirachitic effect. It seems extremely doubtful whether 
this effect can be attributed to incomplete removal of the stable vitamin D, as the 
amount of total activity which would have to remain in the fatty acids in order to 
produce such an effect would be far too great in the case of butters of originally 
low activity. Even on the unlikely assumption that, after 4 or 5 extractions with 
ether, 5 % of the orthodox activity had been left in the fatty acids, the amount 
so left in the case of autumn butter or of home-rendered lard would be quite 
insufficient to raise the ash percentage so definitely above the level of the 
negative controls. The completely negative results in the case of the fatty acids 
of irradiated butter, which were fed at a level relatively (on the basis of original 
potency) more than double that of the fatty acids of the butters and lard of low 
activity, also point in the same direction. 

Thirdly, when butter is incorporated in the diet, its antirachitic effect is 
definitely lower than that of an equivalent amount of butter fed separately. The 
same phenomenon can also be noticed in the case of lard. It should be emphasised 
here that this difference in potency according to the method of feeding cannot 
in itself explain or account for the very marked drop in potency caused by 
saponification. A comparison of the ash percentages produced by 0 5 and TO g. 
of autumn butter fed in the diet with those for corresponding levels of the same 
butter after saponification given in Table I bears out this statement. As already 
mentioned we have been technically unable to feed the fatty acids separately 
from the diet. Should they behave in a way similar to that of the original butter, 
then their antirachitic effect would be more marked when fed separately. 
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Fourthly, a combination of the fatty acids and non-saponifiable residue of 
autumn butter elicits an antirachitic effect superior to that produced by either 
component fed separately. As the fatty acids were fed in the diet we think that 
the antirachitic effect of such a “reconstituted” butter should be compared 
with that of corresponding amounts of the original butter also incorporated in 
the diet. When this is done it will be found that the difference in antirachitic 
effect is so slight as to be well within the limits of experimental error. In other 
words, it would seem that the total activity of butter (of this particular sample 
of autumn butter in any case) can be recovered quantitatively after saponifica- 
tion when the fatty acid moiety of the butter is recombined with the non- 
saponifiable fraction. 


We have proved to our entire satisfaction in the two previous papers of this 
series [Kon and Booth, 1933 ; 1934] that the loss of potency following saponifica- 
tion evident in certain butters cannot be attributed to incomplete extraction of 
the non-saponifiable residue. Bearing this in mind and adding the evidence just 
discussed we can arrive at the following alternative suggestions as to the nature 



of the labile antirachitic factor of butter. 

A. The first possibility would be to accept the existence in butter and in 
lard of a novel antirachitic factor unstable to saponification, and in general more 
labile than the usual vitamin D. This factor would appear to lose a part of its 
potency immediately after the butter or lard is mixed with the 2965 rachito- 
genic diet even when it is kept thereafter at a fairly low temperature ; conditions 
under which irradiated ergosterol and cod-liver oil are stable for longer periods. 
The existence of such a factor seems quite conceivable were it not for the fact 
that it is difficult to account on this basis for the slight but unmistakable residual 
activity of the fatty acids. Also, if the existence of the novel factor should be the 
true explanation, it is very difficult to understand why a combination of fatty 
acids and non-saponifiable residue should have virtually the same antirachitic 
activity as corresponding levels of butter incorporated in the rachitogenic 
diet. 

B. It might also be suggested that the antirachitic activity of butter was 
the resultant of two factors, namely, the activity of vitamin D sensu stricto, 
whatever this term implies, and of the antirachitic action of fat. In other words 
it might be suggested that the rat gives, because of its physiological peculiarities, 
an enlarged and distorted picture of the “true” antirachitic activity of butter, 
reflecting not only a real antirachitic factor pharmacologically active in different 
species, but also a non-specific stimulus antirachitic only in the narrow^ “’rat” 
sense of the word. There is much in our experimental evidence in favour of such 
a view. The residual activity of the fatty acids, remarkably constant in the case 
of butters and lard and independent of the activity of the parent substance, and 
the possibility of reconstructing the original activity of butter by combining 
fatty acids and non-saponifiable residue speak strongly in favour of such an 
hypothesis. This explanation has also in its favour the argument of simplicity, 
as it avoids the necessity of adding another general antirachitic factor to the two 
already existing. It explains without difficulty why lard should behave in a 
similar way to butter and also accounts for the slight activities of various vegetable 
oils reported in the literature and found by us in the case of olive oil. 

If also that part of the antirachitic activity of butter which cannot be 
recovered after saponification is not due to the presence of a specific antirachitic 
factor but to the action of fat, it is obvious that any attempt to increase the 
vitamin D activity of butter [Kon and Booth, 1934] would result only in an 
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increase in the orthodox vitamin D and not in the novel factor. This, in our 
experience [Kon and Booth, 1934] is actually the case. 

Our finding that either butter or lard incorporated in the diet is less active 
than corresponding levels fed separately is not incompatible with the suggestion 
that a part of the antirachitic activity of these substances is due to their fatty 
acids. The antirachitic action of fat in the case of the rat must be due to the 
Influence of the fat on the calcium and phosphorus metabolism, and it seems 
quite permissible to assume that the effect of one massive dose daily will be 
different from that of the same amount distributed over a period of 24 hours. 

We have already mentioned that Zueker and Barnett [1922-23] suggest as 
an explanation of the mechanism of the action of fat the formation of insoluble 
calcium soaps. Recent work [Boyd et al, 1932] would rather favour the view that 
the beneficial effect of fat is due to the creation in the gut of a favourable to the 
uptake of minerals. We do not want to theorise on this point but wish to postpone 
judgment pending the collection by us of experimental data on the effect of various 
fatty acids on the calcium and phosphorus metabolism of the rachitic rat. 

It would seem to us, that on the whole the arguments in favour of fat playing 
a role in the antirachitic activity of butter are quite serious enough to deserve 
careful consideration. 

C. There is just a possibility that both fat and a novel factor are responsible 
for the antirachitic activity of the labile factor of butter and lard in the case of 
the rat. Insufficient experimental evidence prevents us at present from dis- 
cussing this point any further. 

We are led to believe that, unless the labile factor of butter is definitely 
proved to be antirachitic also for other species besides the rat, the only safe 
course for ascertaining the vitamin D activity of butter is to submit it to 
saponification and feed to rats the non-sap onifiahle residue only. Even then in 
order to decide a priori what might be the antirachitic value of such butter in 
human nutrition, it would he necessary to find out whether the orthodox 
antirachitic factor present therein is identical with irradiated ergosterol or with 
the vitamin D of cod-liver oil, or whether it is altogether different from these two. 

We [Kon and Booth, 1933; 1934] have examined various butters by the 
widely used prophylactic method, making use of what is practically the official 
diet (the 2965 diet of Steenbock) and administering graded doses of butter 
separately from the diet, a method used to our knowledge by the majority of 
present day workers. We have very good reason to believe that, in the case of 
many butters, especially those collected in autumn and winter, values so found 
by this generally used technique for their alleged vitamin D content may be 
anything up to 4 or 5 times too high. 

It may be also remarked that similar results were obtained by the line test 
technique as far as this is possible with butters of low potency [Kon and Booth, 
1933; 1934]. 

We have purposely refrained from any discussion of the clinical antirachitic 
value of butter, but we think that our results may perhaps suggest a plausible 
explanation of the discrepancy of opinion existing between the clinician and the 
student of nutrition with regard to the antirachitic value of butter. 

SXJMMAEY. 

1. When tested on rats, lard was found to possess an antirachitic activity 
of the same order as that of butter, a sample of home rendered lard being almost 
equal in that respect to winter and autumn butter, while a sample of American 
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lard was found to be fully as active as summer butter. As in the case of butter, 
the activity of lard is impaired by saponification, the degree of loss being greater 
in the case of the lard of lower activity. 

2. Fatty acids prepared from various butters were found to exhibit a slight but 
definite antirachitic activity which could not be attributed to incomplete removal 
of the non-saponifiable residue. This activity was roughly proportional to the 
amount of fatty acid fed and was independent of the original activity of the butter. 

3. When butter was incorporated in the diet, it was found to produce a lower 
antirachitic effect than that given by a similar amount of butter fed separately 
from the diet. 

4. In the case of an autumn butter, which after saponification had lost a 
large part of its original antirachitic potency, this potency could be recovered 
practically completely when the administration of the non-saponifiable residue 
was accompanied by the feeding of the fatty acid incorporated in the diet. 

5. Although the loss of potency observed by us in various samples of butter 
could be tentatively explained by assuming the existence of a new labile anti- 
rachitic factor, we are inclined to believe at present that this phenomenon could 
be at least as adequately, and certainly more simply, explained by the anti- 
rachitic effect on the rat of fat as such. 

6. If this explanation is, as we believe, correct, then, unless the labile factor 
of butter is definitely proved to be antirachitic also for other species besides the 
rat, values obtained by accepted methods for the antirachitic activities of butters 
are about 4 to 5 times too high in winter and autumn and about twice too high in 
summer. On the other hand values obtained by direct feeding of highly potent 
butters giving complete protection at a daily level of 10-30 mg., such as 
irradiated butter or butter yielded by cows receiving large amounts of irradiated 
yeast, are correct. 

7. On the same basis it is suggested that while the general antirachitic value 
of the labile factor is still in question the only safe course in ascertaining the 
vitamin D activity of butter is to submit it to saponification and feed to rats the 
non-saponifiable residue only. 

We are indebted to Capt. J. Golding and Prof. H. D. Kay for helpful 
criticism; to the former also for the home-rendered lard; to Miss D. ¥. Dearden 
for the churning of the butters and to Mrs S. K. Kon for much help in the pre- 
paration of bones for analysis. 
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Glucuronic acid in normal animal urine. 

Following the recognition of the part played by glucuronic acid in detoxication 
mechanisms, its possible occurrence in normal urine was suggested by Hoppe- 
Seyler [1882] and was further considered by Fluckiger [1885] in the course of 
his investigations of the copper-reducing substances of human and animal urines. 
Several early observers [Haas, 1876 and others] had shown that normal human 
urine is slightly laevorotatory and it was probable that this laevorotation was 
due to the presence of conjugated glucuronic acids, which are all laevorotatory. 
Proof of the occurrence of glucuronic acid in normal urine was provided by 
Mayer and Neuberg [1900], who isolated it from human urine as the jp-bromo- 
phenylhydrazine derivative. These workers concluded that glucuronic acid occurs 
in normal human urine conjugated mainly with phenol and eresol and to a lesser 
extent with indoxyl and skatoxyl. It had previously been suggested by Hoppe - 
Seyler [1882] that glucuronic acid might be excreted in normal urine as the 
conjugated indoxyl compound, and Mester [1888] found a laevorotatory and 
copper-reducing substance in the urine of dogs after administration of skatole, 
which he regarded as the hypothetical skatoxylglucuronic acid. Neuberg and 
Niemann [1965] also suggested that urea-glucuronic acid, which they had syn- 
thesised, might occur in normal urine, and Pollecoff [1924] stated that glucuronic 
acid is a probable constituent of uroehrome, the yellow pigment of urine, 
isolated from human urine and carefully purified. Tollens [1916] has emphasised 
the fact that man excretes twice as much conjugated glucuronic acid daily as 
ethereal sulphate and even within the limits of normal behaviour much more 
glucuronic acid can be excreted daily than of ethereal sulphate. The quantity 
of glucuronic acid in normal urine has been determined by several workers and 
values from 4 to 25 mg. per 106 ml. have been quoted (see Table I). 

With reference to the occurrence of glucuronic acid in the urine of other 
animals little can be found in the literature. Hagemann [1882] states that it is 
probably a part of the reducing substance he obtained from horse urine, while 
KawanisM [1932] has estimated it in rabbit urine (see Table I). We have detected 

9—2 


132 


J. JPRYDE AND R. T. WILLIAMS 



Observers 

Boku and Kin [1931] 
Kawanishi [1932] 

Mayer and Neuberg [1900] 
Saner [1930] 

Tollens and Stem [1910] 


Table I. 


mg. glucuronic acid per 
100 ml. urine 


Normal human urine 
13 

5 to 10 
4 

15 to 19 
25 


Rabbit urine 
4 to 15 






glucuronic acid in the normal urine o£ all animals tested, using the Tollens 
naphthoresoreinol test, and we have confirmed its presence in human mine by 
the same test (see Table II). 

Table II. 


Animal 

Man 

Dog 

Gat 

Mouse 

Gruinea-pig 


No. tested 

15 

30 

18 

6 

2 


Naphthoresoreinol test 


+ 

+ 

+ + + 
+ + 


It is interesting to note that cat urines always give a much stronger positive 
test than the urine of other animals listed, and this strong test is associated 
with an intense Obermayer indoxyl reaction. It would seem probable that cat 
urine normally contains a relatively greater amount of the hitherto undescribed 
indoxylglucuronic acid than the urine of other animals tested, and it is therefore 
a likely source for isolating this compound. The conjugated glucuronic acids of 
normal urine (i.e. phenyl, cresyl, indoxyl and skatoxyl) have not been isolated 
from such urine, but phenylglucuronic acid has been isolated from the urine of 
sheep after administration of phenol [Salkowski and Neuberg, 1906]; cresyl- 
glucuronic acid has been isolated as a double barium salt with phenylsulphuric 
acid from the urine of dogs fed with p-cresol [Neuberg and Kretschmer, 1911]; 
and Neuberg and Schwenk [1917] have isolated a double barium salt of indoxyl- 
glucuronic and -sulphuric acids from urine after the feeding of indole. It is of 
interest to point out that the noil-fermentable sugar of urine, which was shown 
by West et al [1932] to increase during intestinal stasis in the dog, is probably 
in part glucuronic acid, which itself is not fermented by yeast. 

Glucuronic acid in normal animal blood. 

Scanty reference has been made in the literature to the occurrence of glu- 
curonic acid derivatives in blood, but their presence there follows from their 
elimination by the kidney, since it is shown that the kidney does not synthesise 
conjugated glucuronic acids [Hemingway et al., 1934]. Glucuronic acid, as the 
p-bromophenylhydrazine derivative, has been isolated from bovine blood by 
Mayer [1901], who states that it is probably constantly circulating in human 
blood. Letsche [1907] states that amongst the reducing substances in blood of 
carbohydrate nature are glucose and glucuronic acid ; the presence of the latter 
was deduced from orcinol- and phloroglucinol-HCl tests and from the isolation 
of a hydrazone. Stepp [1919] showed it to be present in normal human blood 
by means of the naphthoresoreinol test, and 0rskov [1932], in a study of the 
ether-soluble acids of blood, claims that minute quantities of conjugated glu- 
curonic acids are present. Lepine and Boulud [1905; 1906] have made estima- 
tions of the conjugated glucuronic acid in arterial and venous blood, in serum 
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and in the corpuscles, and find as much as 14 to 47 % of the blood-sugar to be 
conjugated glucuronic acids; they base their values on reducing powers and 
rotations, but, owing to interfering substances (now known to be present in 
blood) which affect these methods, these values cannot be accepted without 
further investigation. 

We have confirmed the fact that human blood contains glucuronic acid, 
using the naphthoresorcinol reaction and find that dog and cat bloods also give 
a slight positive test. The test was carried out on blood after deproteinising 
with sodium tungstate and sulphuric acid. The test was then compared with a 
blank using the deproteinising agents and water and with a known positive test 
on blood containing bornylglucuronic acid. We have also found that the blood 

Table III. 

Animal Method Observer 

Man Naphthoresorcinol test Stepp [1919] and this investigation 

Dog „ This investigation 

Cat j, ,, 

Ox Isolation of p - bromophenylhydrazide Mayer [1901] 

and serum of man and the dog give very intense naphthoresorcinol tests for 
glucuronic acid, 10 minutes after oral administration of 2 g. of borneol, from 
which it seems that the detoxication of borneol begins to take place rapidly. 

The stereochemistry of rornylglijcijronide in relation 

TO ITS FORMATION IN THE BODY. 

All natural glycosides possess the /3-type of linkage, and this may now be 
regarded as true also for glucuronides synthesised in vivo. Bornylglucuronide, 
from the urine of dogs fed with borneol, has been shown by Hamalaienen [1911] 
to be a /3-glucosidic compound, since it is hydrolysed by the /3-glucosidase of 
emulsin. However, Miwa [1932] stated that not all ^-glucuronides are hydro- 
lysed by this /3-glucosidase. Positive results have been obtained by Neuberg 
and Niemann [1905] with phenylglucuronide and euxanthic acid, by Hamalaienen 
[1911] with l- camphorylglucuronide, by Hildebrandt [1905] with syringa- and 
vanilfin-glucuronide, by da Cruz [1930] with menthylglucuronide, and by Ishidate 
[1929] with d- camphorylglucuronide and menthylglucuronide. Negative results 
were obtained by Schmiedeberg and Meyer [1879] with d- camphorylglucuronide, 
by Sera [1914] with orcinol- and vanillin-glucuronides, and by Miwa [1932] with 
menthylglucuronide. The varying behaviour of emulsin towards conjugated 
glucuronic acids is explained by Miwa [1932] to be partly due to the activity 
of the enzyme which seems essentially dependent on method of preparation 
and degree of ageing. In nature all derivatives of glucose are without exception 
derivatives of ^-glucose, and the naturally formed glucuronides also fall into 
this category. Bornylglucuronide on hydrolysis gives d-glucurone and ^-glu- 
curonic acid. These facts therefore show that the glucuronide present in urine 
after ingestion of borneol is /3 - bornyl-d-glucur onide . However, there still remains 
to be considered the optical configuration of the bornyl residue and its influence, 
if any, on conjugation. 

It was found by Magnus- Levy [1907] that when pure d- or Z-bomeol was fed 
separately to dogs or rabbits, pure d- or ^-bornylglucuronide was excreted in 
the urine and conjugation took place equally well with either isomeride. The 
conjugated glucuronic acids were isolated as the sodium salts (sodium /3-d-bomyl- 
d-giucuronide, [a]# — 36*7° in water, sodium /3-Z-bomyl-c?-ghicuronide, [a]# — 60*7° 
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in water) . We liave fed pure Z- borneol 1 to dogs and have recovered, from the 
urine pure /3-Z-bornyl-d-glucuronide, [a] M6 i— 74*6° in water. On the other hand, 
as is shown in Table IV, we find that when a mixture of d- and Z-borneol is fed 
to dogs preferential conjugation of the d-isomeride occurs, and da Cruz [1930], 
on feeding inactive menthol to dogs found the menthol after liberation from the 
conjugated derivative to be optically active. In the course of many of our 
feeding experiments the rotations of the borneol fed, the glncuronide excreted 
and the borneol recovered from it after hydrolysis were noted (Table IV). 


Table IV. 


Borneol fed 

Bornylglucuronide excreted 
Borneol recovered after hydrolysis 
Borneol fed 

Bornylglucnronide excreted 
Borneo! recovered after hydrolysis 


Borneol fed 

Bornylglueuronide excreted 
Borneol recovered after hydrolysis 


[>W 

+ 20° (EtOH) 
-47*9 (water) 
+ 30 (EtOH) 

+ 26*5 (EtOH) 
-45*6 (water) 
+ 33 (EtOH) 


% d-isomeride 


36*71 Mean i 
35*5/ 12*4° 
31*4 

93*01 Mean i 
39*3/ 9*8% 


Mean increase 
9*8 % 


Calculated from figures quoted by 
Quick [1927] 


+ 5 
-4S 

No observation 


56*7 

66; increase 9*3 % 
No observation 


Summary. 

1. A brief summary including new observations is given of the normal 
occurrence of glucuronic acid hi the urine and blood of various animals. 

2. A stereochemical study of the conjugation of d- and Z-borneol with glu- 
curonic acid in vivo reveals a preferential conjugation of the d-isomeride. 

The expenses of this work were in part defrayed by a grant from the Medical 
Research Council. One of us (R. T. W.) is indebted to the Council for a whole 
time assistance grant. 

1 Z-Borneol fed had [a] 54(51 -42*7° in alcohol; Mitchell [1925] gives the rotations of d - and 
Z-borneol as [oc] 5401 + 42*2° in alcohol. 
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OF GLUCURONIC ACID. 

V. THE SITE AND MECHANISM OF THE FORMATION 
OF CONJUGATED GLUCURONIC ACID. 

By ALBERT HEMINGWAY, JOHN PRYDE 
and RICHARD TECWYN WILLIAMS. 

From the Physiology Institute , Newport Road , Cardiff. 

(Received November 9th, 1933.) 

When a substance which is metabolised with difficulty is introduced into the 
animal body several detoxication mechanisms can come into play, and it is well 
known that glucuronic acid, glycine, glutamine [Thierfelder and Sherwin, 1915] 
and sulphuric acid play various roles in this connection. A scrutiny of the work 
for the last half century on the metabolism of certain compounds reveals that 
many of these (e.g. certain aliphatic alcohols, phenols, aldehydes, ketones, hydro- 
carbons, terpenes, aromatic acids, certain amines and heterocyclic nitrogen 
compounds) can be detoxicated by conjugation with glucuronic acid. This process 
of conjugation only occurs if the toxic compound carries a hydroxyl group, a 

C 6 H 5 .COOH,or a C 6 H 5 .C.COOH group, or can form such a group by oxidation 

(or in some cases by reduction) in the organism. Thus, terpenes are oxidised to 
the corresponding alcohol and the latter conjugated with glucuronic acid for 
excretion [Fromm and Hildebrandt, 1901]: 

C 10 H 16 -> C 10 H 15 OH C 10 H 15 O . C g H 9 0 6 (Terpmolglucuronide). 

Benzene is oxidised to phenol which is excreted conjugated with glucuronic and 
sulphuric acids [Braunstein et al., 1931 ]. Toluene is oxidised to benzoic acid which 
is excreted conjugated with glycine and glucuronic acid [Epstein and Braunstein, 
1931]. Chloral is reduced to trichloroethyl alcohol which is excreted as tri- 
ehloroethylglucuronic acid [cf. Mering, 1882]. 

In the second stage of the detoxication the toxic body may combine with 
glucose to form an intermediate glucoside which is then oxidised to the glu- 
curonic acid, or it may combine directly with preformed glucuronic acid. The 
former possibility was proposed by Fischer and Piloty [1891] as the mechanism 
by which conjugated glucuronic acids were formed in the animal, but it had 
then no experimental basis. None the less it has been widely accepted as an 
established fact [see Armstrong, 1919; Tokens, 1914]. Hildebrandt [1905; 1909] 
has claimed that on subcutaneous injection of coniferin (coniferylglu coside), 
syringin (methoxyconiferylglucoside) and bornylglucoside into rabbits the corre- 
sponding conjugated glucuronic acids were excreted in the urine. This observa- 
tion has alternative* explanations, either direct oxidation of the glucoside to the 
conjugated glucuronic acid, or previous hydrolysis of the glucoside in the body 
to give a free aglucone which combines with preformed glucuronic acid. 

These considerations raise two questions : (1) What organ in the body 
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carries out the detoxication? (2) Is glucoside formation an intermediate stage 
in the detoxication process? With a view to providing an answer to these two 
questions it was decided to perfuse, by means of a pump-lung preparation, the iso- 
lated kidney alone and in conjunction with other isolated organs, and to investigate 
the reaction of such perfused organs to glueuronogenicand other substances added 
to the circulating blood. 

Methods. 

Four combinations of perfused tissues were used during these investigations 
and they are briefly described in the order in which they were employed. 

(i) The pump -lung -kidney preparation (Preparation A ). 

The arrangement for these experiments was essentially the same as those 
previously described by Hemingway [1931; 1933]. The preparation was made 
from two dogs. The first, which weighed 16-18 kg., was anaesthetised, and about 
500 ml. of blood were taken from the carotid artery. The blood was whipped, 

- twice filtered through fine muslin and, after measurement of the volume, intro- 
duced into the apparatus. 

A cannula was tied into the pulmonary artery after opening the chest wall 

! and perfusion of the lungs commenced after removal from the thorax. 

Meanwhile the second dog was anaesthetised and about 300 ml. of blood 
were removed. Saline was injected intravenously to replace this blood. The 
abdomen was opened in the middle line, the left kidney freed from its attach- 
ments and the vessels dissected. A cannula was tied in the ureter, the kidney 
removed and attached to the perfusion apparatus. 

(ii) The pump -lung -kidney -liver preparation (Preparation B). 

A liver, perfused by a method analogous to that employed by Bauer et ah 
[1932] was added to the perfused kidney pre- 
paration. The arrangement of the apparatus is 
shown in Fig. 1. From a large reservoir B, 
blood was taken by two pumps, P t and P 2 , 
to supply respectively the renal and hepatic 
arteries (E.A . and H.A.) and a constant level re- 
servoir, P.R ., which fed blood to the portal vein 
(P.F.). The kidney and the liver were supported 
on Buchner funnels the bottoms of which were 
covered with fine muslin filters. The blood which 
issued from the cut ends of the renal and hepatic 
veins was eventually gathered into a common 
funnel, F, again filtered and after perfusing the 

i pulmonary system, collected in the main reser- 

voir. The output of the pump P t was adjusted 
to maintain a pressure of 120-130 mm. Hg in 
the renal and hepatic arteries, and that of P 2 
to keep the portal vein reservoir overflowing. 

The level of this reservoir was 10-15 cm. above 
the portal vein. 

The main reservoir and the Biichner funnels 
supporting the organs were placed in thermo- 
stats while the tubes conveying blood to and from 
the main reservoir and the lungs were water- t 

jacketed with water circulated from one of the baths by an autopulse pump. 
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The preparation was made from two dogs and the technique of isolating the 
organs was identical with that described in the previous section up to the point 
of removing the kidney. Prior to this, the portal vein was dissected and two 
loose ligatures placed round it after cutting the splenic and gastric tributaries 
between ligatures. The hepatic artery was isolated. The aorta was clamped 
proximal to the renal arteries, the left kidney removed and perfusion commenced. 

The portal vein was then cannulated and the liver washed with about 300 ml. 
of warm saline. The vein and the hepatic artery w r ere clipped and the liver 
removed. A cannula was tied into the hepatic artery and after filling both 
eannulae with blood and attaching the appropriate tubes, perfusion was com- 
menced. The first 200 ml. of blood coming from the liver was collected, whipped 
and filtered before being returned to the blood reservoir. 

(iii) The pwnp -lung -kidney -spleen preparation (Preparation C ). 

The spleen vessels were dissected and loose ligatures placed round them. 
The kidney was removed and perfusion commenced, after which the spleen was 
removed and a cannula tied in the artery. The organ was then perfused. 

(iv) The pump-lung -kidney -limb preparation (Preparation D). 

The hind limb was selected for perfusion. The femoral vessels were dissected 
and loose ligatures placed round them and round the common iliac artery. The 
perfusion of the limb was commenced before removing the kidney, so minimising 
circulatory disturbances in the limb. A cannula was inserted into the femoral 
artery after tying the common iliac artery. The limb was washed through with 
defibrinated blood and, after removal by cutting through tissues and bone just 
below the head of the femur, perfusion was commenced. The blood issuing from 
the cut end of the femoral vein was collected in a funnel and led to F. 

In all the experiments, with the exceptions mentioned below, the required 
amount of the substance whose conjugation was to be tested was dissolved in 
a small volume of saline and slowly added to the blood passing to the lungs, 
through funnel F, 

Experimental. 

(a) The site of conjugation of glucuronogenic substances. 

The first organ to be considered was the kidney, since detoxication by 
conjugation with glycine to form hippuric acids is performed by this organ 
[Quick, 1932]. It seemed therefore possible that, the kidney might perform a 
like function in regard to glucuronic acid. 

As a preliminary it was necessary to demonstrate that the isolated perfused 
kidney was capable of eliminating preformed conjugated glucuronide. Prepara- 
tion A was used in this investigation. It should first be stated that normal 
urine from the dog gives a slight positive test for glucuronides with naphtho- 
resorcinol. 

Our tests were carried out as follows: 2 ml. of urine, 2 ml. cone. HC1 and 0-5 ml. of naphtho- 
resorcinol (1 % in alcohol) were heated in a large test-tube for 2 mins, in boiling water. The tube 
was then removed from the water-bath and allowed to stand for 4 mins., and then cooled for 
4 mins, in running water. The pigment was extracted with 10 ml. ether. Our experience is that 
this colour test for glucuronic acid, originally devised by Tollens [1908], although not a strictly 
quantitative test, is capable of detecting increments of glucuronic acid of the order of 0-25 mg. 
in 2 ml. urine, and that such increments can be compared colorimetrically. 

Urine formed by an isolated kidney, when perfused with normal blood, also 
gives a positive test. It is, however, much fainter than that of normal urine, and 
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the intensity of the test falls to an almost zero constant value as the excretion 
proceeds. The urine from the isolated kidney was collected until it gave this 
almost zero constant value. At this point blood taken from a dog, which, had 
been previously led with borneol and "which was known to be excreting glu- 
curonide, was added to the circulating blood in the preparation. The result of 
the experiment is shown graphically in Fig. 2. It will he, seen that the addition 



Mean time of collection of urine specimen 
in minutes 

Fig. 2. C4raph showing the effect of the addition of blood from a dog fed with borneol, on the 
intensity of the naphtlioresorcinol test performed on urines excreted by an isolated perfused 
dog kidney. The intensity of the test performed on the bladder urine of the bomeol-fed dog 
is taken as 100 arbitrary units of intensity. 

of u borneol-blood 55 to the circulation of the pump-hing-kidney is followed by 
an immediate and marked increase of glucuronide in the urine formed by the 
kidney. 

The next step in the investigation was to determine whether or not conju- 
gation occurred in the isolated perfused kidney. The addition of phenol to the 
perfusing blood (50 mg. in 5 ml. saline to 570 ml. blood) was not followed by 
any increase in the glucuronide excretion, although the presence of free phenol 
was readily demonstrated in the urine formed within 5 mins, of the addition of 
the phenol to the blood. A similar experiment was performed with borneol, 
but in this case, owing to its low solubility, the crystalline solid was suspended 
in the circulating blood inside a fine muslin bag. Results as with phenol were 
negative. 

The foregoing experiments showed that preformed conjugated glucuronic 
acid could readily be eliminated bjr the isolated perfused kidney, although the 
negative results in regard to conjugation left the site of formation an open 
question. 

Embden and Glassner [1903] have shown that perfusion of the liver with 
blood containing phenol results in an increase of glucuronic acid in the perfused 
blood. A few workers have shown that there is a decreased glucuronic acid 
output when the liver is injured or non-functional owing to disease [Nazarjanz, 
1931 ; Boku and Kin, 1931]. These experiments suggest that the liver is probably 
the site of synthesis. The results now to be described prove that this is so and 
also suggest that the liver alone performs this detoxication process. Prepara- 
tions B, 0 and D were used in the series of experiments which lead to this 


140 



A. HEMINGWAY. J. PRYDE AND R. T. WILLIAMS 


conclusion. The course of each, experiment was similar to that already described 
in reference to the use of Preparation A. The following substances, all of which 
are known to form conjugated glucuronides in the intact animal, were added 
to the perfusion system : phenol, chloral hydrate, camphor and borneol. 

(1) Phenol. This was added to the blood in two successive lots, (a) 30 mg. 
in 3 ml. normal saline, and ( b ) 70 mg. in 7 ml. normal saline. Within 4 mins, of 
the addition of each quantity of phenol, using the naphthoresorcinol reaction, 
marked increases in the glucuronide excretion were observed, (6) giving a con- 
siderably stronger result than (a). 14-15 mins, after the addition of ( h ), the 
glucuronide elimination by the kidney had sunk almost to zero, so that the 
process of conjugation and elimination was rapidly completed. 

(2) Chloral hydrate. In the case of this substance the course of elimination 
of the conjugated glucuronide is given graphically in Fig. 3, which is constructed 


Chloral hydrate 


Chloral hydrate 


0 10 20 30 40 50 

Mean time of collection of urine specimen. 


60 
Minutes 


Fig. 3. Graph showing the elimination of glucuronic acid in the pump-lung-kidney-liyer 
preparation in response to added chloral hydrate. 

by multiplying the relative intensity (employing arbitrary units) of the naphtho- 
resorcinol test by the rate of urine formation. As before the chloral hydrate 
was added in two lots, (a) 0T9 g. and (b) 3*03 g. each in 10 ml. normal saline 
(to a blood- volume of 1020 ml.) and the subsequent naphthoresorcinol reaction 
reached a maximum intensity in 5 to 8 mins, after each addition. 

It will be observed that the second dose, some 15 times the amount of the 
first, did not produce a proportional increase in the glucuronide elimination, 
which no doubt implies some time limitation of the capacity of the liver to 
conjugate the chloral. It is also clear that, under the conditions of the experi- 
ment, only a part of the added chloral hydrate is eliminated via the kidney as 
conjugated glucuronide. 

(3) Camphor. Camphor was added to the perfusing blood (1070 ml.), (a) in 
20 ml. of saline which had previously stood in contact with solid camphor for 
24 hours at 37 , and (b) by placing solid camphor in a fine muslin bag in the 
circulating system (at F, Fig. 1) so that the blood percolated the solid. In both 
cases marked increases in the glucuronide excreted were observed. 

^(4) Borneol. Solid borneol "was percolated by the circulating blood (1015 ml.) 
as m (3) above. Positive results were again obtained. 

In some early experiments the dogs used were initially under chloralose 
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anaesthesia. In all such cases the urine first formed in the liver-kidney perfusion 
system gave a marked indication of the presence of conjugated giucuronide 
Chloralose, a condensation product of chloral and glucose,' contains free' chloral 
which (see (2) above) forms conjugated giucuronide in Preparation B. Chloralose 
anaesthesia was therefore abandoned after these early experiments. 

Although the foregoing experiments proved that the liver is one of the sites 
of conjugation of glucuronic acid, the possibility remained that other organs 
might perform a like function. To test this possibility Preparations C and D 
were devised. The technique used was the same as that employed with Prepara- 
tion B using phenol as the potential glucuronogenic substance. One experiment 
was performed with Preparation C, two with Preparation D, and in none of these 
was any conjugated giucuronide formed. 

(b) The mechanism of conjugation of glucuronogenic substances . 

(1) Experiments with glycosides . If the glycoside is an intermediate com- 
pound in the detoxication process then perfusion of the liver with blood con- 
taining glycosides should result in the formation of conjugated glyeuronic acids. 
A second series of experiments was therefore made with Preparation B. In 
these (1) /3-phenyl-d-glucoside and (2) /3-bornyl-d-glucoside were added to the 
perfusing blood in separate duplicate experiments. The /bisomerides were used 
since all conjugated glucuronides formed in vivo are of the /3-glyeosidic type. 
The former glucoside was synthesised by the method of Fischer and Armstrong 
[1901], the latter by that of Fischer and Raske [1909]. /3-Phenyl-d-olucoside 
(105 mg. hi 10 ml. saline) was added to the blood (1035 ml.) in the perfusion 
system, whilst in the case of jS-bornyl-d-glucoside the crystalline solid (65 mg.) 
was percolated as before by the blood (775 ml.). At no stage in either experiment 
after the addition of the glucoside was any increased elimination of giucuronide 
observed, although the conditions employed were identical with those giving 
positive results with known glucuronogenic substances. It should be added 
that in the case of /3-phenyl-d-glucoside, the unchanged substance was found 
hi the urine within 5 mins, of its addition to the perfusing blood. No free phenol 
was detected. 

Another experiment was performed in which /3-bornyl-d-galactoside (syn- 
thesised by the method of Robertson [1929]) was added to Preparation B. No 
evidence of the formation of conjugated galaeturonic acid was obtained. 

(2) The influence of cyanide on the conjugation process. The process of conju- 
gation may require the cellular integrity of the liver or, on the other hand, it. 
may depend on the existence of a preformed enzyme. In the former event one 
might expect the process of conjugation to be inhibited or abolished by cyanide. 
A suitable experiment, performed with Preparation B hi which KCN (0-003 if) 
was added to the perfusing blood, confirmed this expectation, since added 
phenol was elimhiated hi the urine unchanged and no glucuronic acid was 
formed. 

Summary. 

1. A description is given of a new technique for perfusing various organs 
(liver, spleen, tissues of the hind limb) in combination with the kidney. 

2. It is demonstrated by using such preparations that the main, if not the 
only, site of formation and conjugation of glucuronic acid is the liver. The 
process of conjugation is abolished by cyanide. 

3. No support is found for the hypothesis that the production of a glucoside 
is an intermediate stage in giucuronide formation. 
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Synthetic glycerophosphates have been known for many years and have been 
prepared in several ways. The acid may exist in two isomeric forms, a and /3„ 
Carre [1903] showed that glycerol when esterified with phosphoric acid at 105° 
yielded almost entirely monoglycerylphosphoric acid. At higher temperatures 
further condensation took place. Later Power and Tutin [1905] prepared 
synthetic glycerylphosphates by a similar method and also obtained the mono- 
derivatives. Poulenc Ereres [1907] showed that a well- crystallised sodium 
glycerylphosphate could be prepared by heating monosodium phosphate with 
two molecular proportions of glycerol and hydrolysing the resulting di-ester with 
sodium hydroxide. All these methods yielded mixtures of a- and /3-glycero- 
phosphates. 

There are three principal methods for preparing pure a- and /3-glycerophos- 
phates. (1) King and Pynian [1914] mixed pure a-monochlorohydrin and tri- 
sodium phosphate, and on working up the product obtained pure a-giycero- 
phosphate. Pure /3-glycerophosphate was obtained from oc-dichlorohydrin and 
phosphory! chloride. (2) Bailly [1915] prepared pure a-glycerophosphate from 
epichlorohy drin . (3) Fischer and Pfahler [1920] prepared pure a-glycero- 

phosphate from acetone-glycerol, phosphorus oxychloride and quinoline. 

The following methods have been advanced to distinguish between the a- 
and /3-isomerides. 

1. Grimbert and Bailly [1915] found that the oc-ester on careful oxidation (so 
as to avoid hydrolysis) yields a compound containing a ketone group, -which can 
be identified by the Deniges reaction. The /3-form on the other hand does not give 
this reaction. 

2. Karrer and Salomon [1926] described a method which depends on the 
fact that barium /3-glycerophosphate forms with barium nitrate a difficultly 
soluble double salt which precipitates on standing. The oc-form does not give this 
double salt. Kay [1931] has criticised Karrer and Salomon’s results on the 
ground that they used supersaturated solutions from which a salt would crystallise 
out on standing without the addition of barium nitrate. We have, however, put 
this method to an important use to be described later. 

3. Since Levene and Yawagama [1920] had found that the rate of hydrolysis 
of the phosphoric esters of the sugars with sulphuric acid varied with the position 
of the phosphate group, it was thought advisable to see if the a- and /3-forms of 

1 Research Fellow in the Department of Medical Research of the University of Toronto. 
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glycerophosphate would, show this peculiarity. To test this point solutions of 
the a- and /3-barium glycerophosphates were hydrolysed with N sulphuric acid 
at 100°. k was calculated for a unimolecular reaction. The average values for one 
experiment were for the a, £=0-00281, and for the /?, £ = 0-00266. From these 
results it is evident that the rates of hydrolysis of the two isomerides with strong 
acids are not appreciably different. 

4. The enzymic hydrolysis method for distinguishing between the two iso- 
merides depends upon the fact that both animal and plant phosphatases hydro- 
lyse the two forms at markedly different rates. Kay [1926] has shown that 
mammalian kidney phosphatase attacks the /5- more rapidly than the oc-iso- 
rneride. Earlier workers had stated that the a- and /3-forms were attacked at the 
same rate. A plant phosphatase was investigated by a group of J apanese workers 
[Akamatsu, 1923; Inouye, 1928; Kobayashi, 1927 ; Asakawa, 1929], who showed 
its presence in takadiastase. It has been found by Kay and Lee [1931] that with 
most mammalian phosphatases and with takaphosphatase the /3- is attacked 
more rapidly than the a-form. This fact has been made the basis for their method 
of distinguishing between the two isomerides. With phosphatase from Propioni- 
bacterium jensenii [Workman and Kendall, 1931] and with blood-phosphatase, as 
shown by Roche [1931], the a- is attacked more rapidly than the /5-form. 

In the present investigation a study has been made of the rates of enzymic 
hydrolysis of pure /?- and of a specially purified a-glycerophosphate. Purification 
of the a- from small amounts of the /3-isomeride has been accomplished both 
by the use of Karrer’s double salt method and by partial enzymic hydrolysis of 
the impure material. Since the /3-isomeride is hydrolysed more rapidly than the 
a-form, the former is removed and although there is some loss of the oc-form, it 
is obtained pure towards the end of the reaction. 

In the expectation that the a-glycerophosphate might consist of two optical 
enantiomorphs with different rates of enzymic hydrolysis, an attempt was made 
to effect a separation of the one enantiomorph from the other by means of the 
partial enzymic hydrolysis of purified a-glycerophosphate. An attempt was also 
made to resolve the a-form by means of fractional crystallisation of several of its 
alkaloidal salts. None of the fractions obtained by the method of partial 
hydrolysis or by fractional crystallisation appeared to have any significant degree 
of optical rotation. In a second communication [Rae, 1934], the results are 
presented of a study of the relative amounts of the a- and /3-isomerides in the 
glycerophosphates derived from the naturally occurring phosphatides. 

Experimental. 

Materials. The crystalline salt of sodium /3-glycerophosphate, obtained 
from Root’s Pure Drug Company, appeared to consist almost entirely of the 
/3-isomeride. It gave only a very slight Deniges reaction, and no sample of 
/5-glycerophosphate has been obtained or prepared in this laboratory which has 
a higher rate of enzymic hydrolysis. On the other hand, several samples of the 
a-isomeride, which have been obtained from time to time, have appeared to 
contain different and widely variable amounts of the /3-isomeride. Because of the 
discrepancies in the various experiments in which, the reputedly pure a- compound 
was used, it was thought advisable to prepare some of the material from authentic 
a-monochlorohydrin by King and Pyman’s [1914] method. For this purpose 
Eastman Kodak monochlorohydrin was purified by fractional distillation under 
reduced pressure until a fraction of constant boiling-point was obtained. 50 g. of 
this material were condensed with phosphoric acid, and 49 g. of calcium a-glycero- 
phosphate were obtained, 52 % of the theoretical yield. 
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The results of several experiments with reputed a-glyeerophosphate were 
communicated to Dr F. L. Pyman, of Boot’s Pure Drug' Company, who very 
kindly prepared a special batch of the a-salt, which appeared practically identical 
with that prepared in Toronto. 

Methods of estimating rates of enzymic hydrolysis . 

(1) By animal phosphatase. 

Enzyme. Phosphatase occurs abundantly in liver, kidney, intestine and bone. 
For extraction the fresh tissue is ground up with 10-20 times its weight of 
chloroform water and allowed to stand for 48 hours at room temperature. It is 
then filtered through cotton- wool or coarse filter-paper and is ready for use. 

Substrates. Approximately Jf/100 aqueous solutions of sodium glycero- 
phosphate were used. These were prepared from the barium salts by adding an 
equivalent amount of sodium sulphate. The various substrates to be compared 
were analysed for phosphorus colorimetrically [King, 1932] and diluted to the 
same concentration. 

Buffers. The optimum p R for mammalian phosphatase acting on glycero- 
phosphates is between 8-9 and 9-2. The following buffers were used in different 
experiments. 

(i) Sorensen’s glycine buffer, range 8*53-12-90 [Clark, 1928]. 

(ii) Palitzsch’s borate buffer, p H range 6*77-9*24 [Clark, 1928]. 

(iii) Michaelis’s veronal buffer, p R range 6 *8-9 *6 [Michaelis, 1930]. 

Method. The hydrolyses are carried out as follows. A series of tubes at a range 

of p R covering the optimum is prepared (4 for each p H ), using for each 5 ml. 
substrate (adjusted to the desired p H ), 5 ml. buffer and 1 ml. of the enzyme 
solution. To two of each set of 4 tubes (the controls) are immediately added 2 ml. 
of 25 % trichloroacetic acid; after 10 minutes the contents are filtered. The other 
2 tubes are placed in a water-bath at 37*5° for exactly 2 hours. These are then 
removed, 2 ml. of 25 % trichloroacetic acid added and the contents filtered after 


Fig. L Rates of hydrolysis by takapbosphatase of pure a-; 75 % a-, 25 % /?-; 50 % a-, 50 % j8; 
25 % a-, 75 % fl-; and pure sodium glycerophosphates. Phthalate buffers used. 

Fig. 2. Rates of hydrolysis by mammalian phosphatase of pure a- and ^-glycerophosphates, 
Glycine buffers used. 
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10 minutes. 10 ml. of filtrate from each tube are then analysed for inorganic 
phosphorus by a eolorimetric method. The increase in inorganic phosphorus, 
expressed in mg. P per 10 ml. of reaction mixture, represents the amount of 
hydrolysis. In no case was the amount of hydrolysis a large fraction of the total 
substrate present. 

(2) By plant phosphatase . 

Enzyme. 0-5 ml. of 2 % takadiastase solution freshly prepared. 

Buffers. The optimum p H for plant phosphatase is 3*Q~5*0. 

(i) Clark and Lub’s phthalate buffer, range 2*2-B*2 [Clark, 1928]. 

(ii) Michaelis’s [1931] acetate-veronal buffer, p n range 2-62-9*64. 

Substrates. These were the same as with mammalian phosphatase except that 

the p H was adjusted to 4*2 before adding the buffer or the enzyme. This was the 
mean of the several buffer mixtures used, and the final p K of the mixtures did 
not differ appreciably from that of the buffer added in any case. The other details 
were the same as for the mammalian phosphatase. 

Figs. 1 and 2 show the type of results obtained with pure a- and ^-glycero- 
phosphates using mammalian phosphatase and takaphosphatase. 

Separation of the oL-isomeride from the jS-isomeride by enzymic means. 

If pure a- or j3-glycerophosphate is hydrolysed enzymically and fractions are 
removed from the reaction mixture as the hydrolysis proceeds, these fractions 
should show no difference in their rates of enzymic hydrolysis ; but if a mixture 
of a- and /3-glycerophosphates be used there should be a progressive change in the 
rates of hydrolysis of the fractions removed, since the /3-form is hydrolysed faster 
than the a-isomeride. A large amount of sodium glycerophosphate was hydro- 
lysed by the enzyme and portions of the reaction mixture were removed at the 
start and at approximately 25, 50 and 75 % hydrolysis. These fractions were 
freed from inorganic phosphorus by adding the calculated amount of magnesia 




Pig. 3. Rates of hydrolysis by takaphosphatase of fractions (1, 2, 3, 4) obtained by hydrolysing 
reputed sodium a-glycerophosphate (source 1) with takaphosphatase. 

Pig. 4. Rates of hydrolysis by takaphosphatase of fractions (1, 2, 3, 4) obtained by hydrolysing- 
reputed sodium a-glycerophosphate (source 2) with takaphosphatase. 
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mixture without the ammonia. The solutions were then made pink to phenol- 
phthalein by adding ammonia and the inorganic phosphate precipitated was 
centrifuged off. To the centrifugate was added an excess of normal lead acetate 
which precipitated the lead glycerophosphate. This was decomposed with 
hydrogen sulphide, and the solution, freed from this reagent, was made alka- 
line to phenolphthalein with baryta. 

The barium glycerophosphate was precipitated by adding the filtrate to four 
volumes of alcohol. When two samples of reputed a-glycerophosphate, obtained 
from two different sources, were treated in this way and the several fractions 
compared for rates of enzymic hydrolysis, the results shown in Figs. 3 and 4 were 
obtained. These findings indicate that the a- salt as supplied to us contained some 
of the jS-isomeride as an impurity. 

Separation by double salt precipitation with barium nitrate. 

An attempt was therefore made to purify commercial calcium a-glycero- 
phosphate, after conversion into the barium salt, by a modification of Karrer and 
Salomon’s [1926] method for differentiating the a- from the jS-form. 30 g. of the 
barium salt dissolved in 300 ml. of water and 24 g. of barium nitrate dissolved in 
300 ml. of water were mixed and allowed to stand in the refrigerator. The solution 
was reduced in volume until a precipitate had formed. After filtering, the filtrate 
was added to alcohol and the precipitated barium glycerophosphate was dissolved 



Fig. 5. Rates of hydrolysis by takaphosphatase of reputed sodium a-glycerophosphate before and 
after treatment with barium, nitrate; (1) before treatment, (2) one treatment, (3) two treat- 
ments. a- refers to authentic a-acid. 

in water and reprecipitated. This process was repeated to remove all the barium 
nitrate. The salt was again treated with the required amount of barium nitrate, and 
after standing, the barium glycerophosphate was again separated. The original salt 
and the salt after one, and after two, treatments were then compared as to their 
rates of enzymic hydrolysis. The results are given in Fig. 5. Judging by the rates 
of enzymic hydrolysis, one treatment with barium nitrate is sufficient to free the 
oc-salt from the contaminating /3-salt. 

Attempts to separate a-glycerophosphate into optical enanliomorphs . 

The method used above for estimating the relative amounts of a- and /5- 
isomerides in a mixture of the two is open to a serious objection. Since the 
a-form has an asymmetric carbon atom in its formula, it might be expected that 
d- 9 Z-, racemic and dl-, forms might all exist, and that these various forms 
might be hydrolysed at different rates. If this were so, what is considered from 
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the graph to be a mixture of the a- and /J-isomerides might in fact contain no 
/3-form but might be only the d- or l- form of the oc-salt being hydrolysed at a 
faster rate than the authentic racemic a-salt. To settle this problem an attempt 
was made to resolve the synthetic a-form into its optical antipodes. Some earlier 
workers have suggested that the naturally occurring a-form was optically active. 
Levene and Rolf [1919] found slight activity in glycerophosphates from natural 
sources. The amount of rotation depended to a large extent on the method and 
the amount of purification used. Karrer and Benz [1926, 1, 2; 1927], after care- 
fully separating the a- and /3-forms from natural sources, obtained no rotation for 
either salt. They consider that earlier workers who found activity were probably 
observing the rotation of some impurity. Karrer and Benz, although they failed 
to obtain a separation with either strychnine or quinine, still believe that the 
oc-form Is optically active, because they prepared a dimethyl ether of the dimethyl 
ester of the a-salt which showed some slight activity. Abderhalden and Eichwald 
[1918] endeavoured to prepare the a-salt In its active form by acting on d- 
monobromohydrin dissolved in pyridine with phosphorus oxychloride in the 
cold. After a lengthy procedure, they separated the glycerophospkoric acid as 
the lithium salt. The analysis gave values too low in phosphorus and too high in 
carbon. The observed rotation was +0-48°, giving a specific rotation of +6*26°. 
In none of these attempts has conclusive evidence been given for the resolution 
of the a-salt. 

The following attempts have been made to resolve the a-salt into its optical 
enantiomorphs. 

(a) By enzymic means . Takaphosphatase was the enzyme used. The method 
was similar to that described above when the purification of the commercial 
a-salt was discussed. The three or four fractions obtained were analysed for 
phosphorus and barium, and their optical activity (Hg green) and their rates of 
enzymic hydrolysis were compared, using both mammalian and takaphosphatase. 
The results obtained when purified a-glycerophosphate or the synthetic product 
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Pig. 6. Bates of hydrolysis by takaphosphatase of fractions obtained by hydrolysing with taka- 
phosphatase sodium a-glycerophosphate purified by means of barium nitrate. The solid line is 
given by an authentic a-salt. 

Fig. 7. Bates of hydrolysis by takaphosphatase of fractions obtained by hydrolysing with taka- 
phosphatase sodium a-glycerophosphate prepared synthetically by the Pyman method. The 
solid line is given by an authentic a-salt. 

was used are shown In Figs. 6 and 7. These graphs indicate that if any resolution 
has occurred, it is without effect on the rates of enzymic hydrolysis. The optical 
rotations were all less than the experimental error* 
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Propionibacterium jensenii contains a phosphatase which hydrolyses glycero- 
phosphates at an optimum p H of 7-0. To test the effect of this enzyme a large 
amount of these bacteria was obtained. By following a similar treatment to 
that -described above for takaphosphatase , fractions were obtained at various 
percentages of hydrolysis, and these were compared as to their optical activity 
and enzymic activity. There was no significant difference between the fractions. 

1 1 ( b ) By the use of active alkaloids. Brucine glycerophosphate was prepared by 

treating 10 g. of Ca cc-glycerophosphate with sufficient N oxalic acid to form the 
free acid. The calcium oxalate was centrifuged off, and to the filtrate was added a 
slight excess of brucine dissolved in 50 % alcohol. The fractions which crystallised 
out were dissolved in 20 % alcohol, and a slight excess of barium acetate was 
added. The mixture was poured slowly into four volumes of alcohol and the 
barium glycerophosphate formed was filtered off. This salt was reprecipitated for 
purification. The fractions were analysed for phosphorus and compared as to 
rates of enzymic hydrolysis and optical activity. The results showed that, although 
there was a slight optical rotation in all fractions, there was no definite shift in 
values from one member of the series to the next. The results were with one or 
two exceptions within the experimental error. The resolution, if any, was without 
effect on the rates of enzymic hydrolysis. 

A second experiment was done without converting the fractions into the 
barium salts. In this there was a slight shift in rotation, but since brucine itself 
has such a high negative rotation this might be due to varying traces of brucine. 

Quinine glycerophosphate was made by mixing quinine sulphate with barium 
glycerophosphate. After filtering off the barium sulphate formed the mixture 
was allowed to crystallise spontaneously. The results from these fractions indi- 
cated that the optical rotations were not of sufficient magnitude to be considered 
significant. Quinine glycerophosphate was then prepared using the free alkaloid 
instead of the sulphate. Table I gives the results obtained. 





Table I. 







Enzyme experiments 


Quinine 



mg. P hydrolysed 


glycero- 

phosphate 

P 


. . A 

t 

Mammalian 

Taka- 

Fraction 

8- 

0/ 

/o 

[a]/) 

phosphatase 

phosphatase 

1 

10-00 

4*40 

1 

o 

4- 

o 

0*238 

0*129 

2 

14*00 

3*36 

-0*1 

0*236 

0*142 

i 

16*00 

3*42 

-0*1 

0*245 

0*148 

4 

9*00 

3*45 

+ 0*1 

0*269 

0*145 

5 

11*00 

3*30 

0*0 

0*261 

0*142 

6 

7*05 

3*44 

0*0 

0*241 

— 

7 

7*96 

3*35 

-0*4 

0*252 

— 

8 

7*00 

3*30 

-0*2 

0*229 

0*132 


These results do not show any decided drift of optical activity in either direc- 
tion. Another experiment was done without conversion into the barium salt. 
The fractions obtained were analysed for nitrogen and phosphorus and their 
solubilities determined. There was no significant difference in solubility. 

From these four attempts it was concluded that there had been insufficient 
evidence to indicate any resolution of the a-glycerophosphate into its optical 
antipodes by means of the active alkaloids quinine and brucine. 

There remained the possibility that a resolution had occurred but that the 
optical rotations of the fractions obtained were too small to measure. An attempt 
was therefore made to obtain an increase in rotation by the addition of tungstates 
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and molybdates as Gernez [1887 ; 1888; 1889, 1, 2] had shown to be the case with 
tartaric acid. When a molecular proportion of sodium molybdate was added to 
dilute solutions of tartaric acid and oc-glycerophosphoric acid the following results 
were obtained. 

Table II. 


Salt used 

d-Tartaric acid 
a- Glycerophosphoric acid 


g. dis- 
solved in 
15 ml. 

0-150 

0-172 


Observed 

rotation 

before 

+ 04° 

0 


Observed 

rotation 

after 

+ 13-33° 
0 


Increase in 
rotation 

33-3 times 
0 


These results were obtained with Dr Pyman’s authentic synthetic a- salt and 
two fractions from enzymic hydrolysis of the synthetic a-salt. A similar result 
was obtained using sodium tungstate in place of sodium molybdate. When two 
molecular proportions of either sodium molybdate or tungstate were used the 
result was the same. Apparently the addition of these salts to the glycero- 
phosphates does not enhance the rotation, if there is such, to a point where it is 
detectable. 

Summary. 

Various methods for determining the relative amounts of a- and /J-glycero- 
phosphates are described, and the application of one of these to unknown 
glycerophosphates is given in detail. 

An enzymic method for detecting small amounts of the /3-isoxneride in reputed 
a-salts is described and a method outlined for the purification of the a-salt. 

An attempt has been made to resolve the a-salt into its optical isomerides using 
an enzymic method" and the alkaloids brucine and quinine. No positive evidence 
of separation has been obtained. 

The addition of molybdates and tungstates does not appear to increase the 
rotation of glycerophosphoric acid to a point where it can be read. 
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XXII. GLYCEROPHOSPHORIC ACID. 

II. THE GLYCEROPHOSPHORIC ACID OF THE 
NATURALLY OCCURRING PHOSPHATIDES. 
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The naturally occurring phosphatides are usually represented as compounds of 
fatty acids and a base with the a- (unsymmetrical) variety of glycerophosphate 
(e.g. lecithin I), but the possibility has long been recognised that the /i- variety 
(lecithin II) may also occur. 


GH..OOC.R, 

I “ 

ch.ooc.e* 

I 

CH 2 . OPO s H. C 2 H 4 N(CH 3 ) 3 OH 
I 


CHo.OOC.Rj 

I “ 

CH . 0P0 3 H . C 2 H 4 N(CH 3 ) 3 OH 
CHo.OOCR, 


II 


Glycerophosphoric acid can be obtained by hydrolysing the phosphatides with 
baryta. Prom this acid, as it occurs in egg-lecithin, liver-lecithin, brain-lecithin, 
kephalin and calcium phosphatidate, barium salts were obtained and these were 
investigated as to the relative amounts of the a- and /3-isonxerides present, using 
an enzymic method. Some objections as to the applicability of this method were 
removed. 

Willstatter and Liidecke [1904] found that the glycerophosphoric acid pre- 
paied from egg-lecithin was optically active, and they therefore concluded that it 
was the a-form. This observation may prove the presence of the oc-form but does 
not exclude the possibility of the /3-isomeride being present. Tutin and Hahn 
[1906] maintained that both the oc~ and /3-forms were present. Grimbert and 
Badly [1915] introduced a simple chemical test for differentiating the two iso- 
merides which was based on the Deniges reaction, and using this test they showed 
that lecithin was a mixture of both varieties. Levene and Rolf [1919], using a 
highly purified egg-lecithin, obtained a glycerophosphate which had an optical 
rotation of -0-74°. Willstatter and Ludecke’s value was - 1-71°. Both groups of 
workers assert that the magnitude of the rotation depends very much on the mode 
oi preparation. 

4 ? a w*! an , d ® a * om ? n [1926] have shown, using a- double salt precipitation 
m( T ww varieties occnr in lecithin. Owing to the confusion in this field 

and to the fact that Kay and Lee [1931] had recently brought forward a quanti- 
a ive me o for estimating the relative amounts of the a- and S-isomerides 
presen i in a mixture, it was thought advisable to prepare several phosphatides 
and estimate the relative amounts of the two isomerides in the glycerophosphates 
prepared from them. nr 

•n * An ™^ act f !°“ a thesis submitted in conformity with the requirements for the Degree of 
Doctor of Philosophy in the University of Toronto. 
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Experimental. 

Preparation of the phosphatides. 

Lecithin was prepared from liver by a modification of Levene’s [1921] 
method. 43 pounds of fresh ox-liver were minced and dried in vacuo at 37°. The 
material was finely ground and extracted with large volumes of alcohol. The 
extract was reduced in volume and allowed to stand overnight at 0°. This preci- 
pitated the cerebrosides. To the filtrate was added a saturated solution of cadmium 
chloride in hot ethyl alcohol until precipitation was complete. The crude lecithin, 
cadmium chloride was repeatedly washed with ether to remove the kephalin. The 
purified salt was suspended in chloroform and decomposed with ammonia gas. 
After distilling off the chloroform the residue was dissolved in a minimum volume 
of ether and precipitated by adding it to a large volume of acetone. The yield was 
69*8 g. Commercial egg-lecithin was purified by treating the material with 
cadmium chloride and recovering the lecithin in the same manner as that de- 
scribed above. 

Brain-lecithin and brain-kephalin were prepared in the following way. 
60 pounds of fresh ox-brain were freed from adhering tissue, minced and extracted 
with large volumes of acetone to dry the material and to free it from neutral fat. 
The brain was extracted with ether and the extract reduced to a small volume 
and allowed to stand at 0° for 15 hours. The supernatant liquid, now free from 
cerebrosides, was poured into alcohol. The alcohol-soluble part contained the 
lecithin. This was separated from the solution in a manner analogous to that 
described in the preparation of liver-lecithin. The kephalin was dissolved in ether 
and again allowed to stand at 0°, during which time more cerebrosides separated 
out. This process was repeated until no further precipitation occurred on standing. 
The liquid was added to alcohol and the kephalin precipitated. The yield was 
455 g. 

Chibnall and Chanmon [1927, 1, 2, 3] showed that the ether-soluble substances 
of cabbage-leaf cytoplasm contain little, if any, phospholipin in the commonly 
accepted use of the term, the major part of the lipin being present as the calcium 
salt of a diglyceridephosphoric acid. The calcium salt of phosphatidic acid was 
prepared in the following way. Four pounds of dried cabbage were exhaustively 
extracted with ether in a modified Soxhlet apparatus. The extract was evaporated 
to dryness, taken up in a small volume of ether and precipitated by adding to 
four volumes of acetone. The part insoluble in hot acetone gave the following 
results on analysis: P4-00, .3*92%; Ca 5*50, 5*45 %; Ca/P = 1*07. Calculated 
for Ca distearylglycerophosphoric acid: P 4*18 %; Ca 5*39 %; Ca/P = 1. 

Preparation of barium glycerophosphate from the phosphatides. 

The phosphatide was dissolved in a suitable solvent and emulsified by adding 
it slowly to an equal volume of hot water. This emulsion was then added to a hot 
baryta solution and boiled for one hour on the water-bath. The fatty acid formed 
barium soaps, and these were filtered off and washed with hot water. The filtrate 
and washings were treated with carbon dioxide to remove excess barium. The 
filtrate was reduced in volume and a slight excess of normal lead acetate was 
added. The lead glycerophosphate was washed, suspended in water and de- 
composed with hydrogen sulphide. The solution was freed from hydrogen sulphide 
and made neutral to phenolphthalein by the addition of baryta. It was then 
added to four volumes of alcohol, and the precipitated barium glycerophosphate 
was washed with alcohol and ether and dried in vacuo over sulphuric acid. In this 
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maimer barium glycerophosphates were prepared from egg-, liver-, and brain- 
lecithin, brain-kephalin and calcium phosphatidate. 

These salts were analysed for barium, using a micro-gravimetric method. This 
method makes use of the filter stick (Stabchen) and the residue is weighed as 
barium sulphate. Another method used was the titrimetric benzidine method 
described by King [1932, 11. The phosphorus was estimated colorimetrically, using 
King’s [1932, 2] method. 

Estimation of relative amounts of oc- and ji-isomerides in glycerophosphates 
from natural sources . 

Both animal and plant phosphatases hydrolyse oc- and /3-glycerophosphates at 
different rates. It was decided, therefore, using Kay and Lee’s [1931] enzymic 
method, to determine the relative amounts of the a- and /3-isomerides of glycero- 
phosphoric acid occurring in the natural phosphatides. Solutions of authentic 




Tig* 1. Rates of hydrolysis by mammalian phosphatase of pure a- and ^-glycerophosphates and of 
the glycerophosphate from egg-lecithin. Glycine buffer used. 

Fig. 2. Rates of hydrolysis by mammalian phosphatase of pure a- and ^-glycerophosphates and of 
the glycerophosphate from liver-lecithin. Veronal buffer used. 

a- and /3-salts, and of the unknown glycerophosphate were made up approximately 
Jf/100, analysed for phosphorus and diluted to exactly the same strength. Rates 
of hydrolysis were measured by the method described in the previous paper 
[Rae et al., 1934]. From these curves it may be concluded that the glycero- 
phosphate from egg-lecithin (Fig. 1) is a mixture of oc- and /3-forms in which the 
/3-form predominates. Liver-lecithin (Figs. 2 and 6) is a mixture of about equal 
proportions of a- and. /3-forms. Brain-lecithin (Fig. 3), brain-kephalin (Fig. 4), 
and calcium phosphatidate (Fig. 5) contain predominantly the oc-form. The study 
of rates of enzymic hydrolysis thus furnishes a simple method for determining the 
relative amounts of the oc- and /3-isomerides occurring in the natural phosphatides. 

The objection that since the oc-form contains an asymmetric carbon, what is 
considered a mixture of a- and /3-forms may be only one of the optical isomerides 
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of the a-form, has been dealt with in a previous paper [Raee£dL, 1934], where it has 
been shown that in several attempts to resolve the a-form, in no ease were frac- 
tions obtained that exhibited any difference in their rates of enzymic hydrolysis. 




Fig. 3. Rates of hydrolysis by takaphosphatase of pure a- and /3-glycerophosphates and of the 
glycerophosphate from brain-lecithin. Phthalate buffer used. 

Fig. 4. Rates of hydrolysis by mammalian phosphatase of pure a- and /3-glyeerophosphates and of 
the glycerophosphate from brain-kephalin. Glycine buffer used. 




Fig. 5. Rates of hydrolysis by mammalian phosphatase of pure a- and ^-glycerophosphates and 
" of the glycerophosphate from calcium diglyceridephosphonc acid from cabbage. All at 
Pu 8-9. 

Fig. 6. Rates of hydrolysis by takaphosphatase of pure a- and /3-glycerophosphates and of the 
glycerophosphate from liver-lecithin. Phthalate buffer used. 

7 

Another objection is that a wandering of the phosphate. group from the a- to 
the /3-position or vice versa may occur during the hydrolysis of the phosphatide 
with baryta. Thus a true picture of the relative amounts of the two isomendes 
present would not be obtained. To test this, samples of both a- and p- glycero- 
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phosphates were boiled for 2 hours with the customary amount of baryta. 
These salts were then compared enzymically and no change in the characteristic 
rate of hydrolysis was observed in either -of them. 

These results clearly indicate that the glycerophosphoric acid of the natural 
phosphatides consists of both the a- and /3-isomerides. The formulae of these 
phosphatides should be written to represent the probability of the occurrence of 
the symmetrical /3~ variety, and not always as the asymmetrical a- type. 


mm 


Summary. 

The relative amounts of oc- and /3-glycerophosphates occurring in several 
natural phosphatides have been determined by an enzymic method. Egg-lecithin 
contains a glycerophosphoric acid which is predominantly the /3-form; liver- 
lecithin contains about equal amounts of the a- and /3-forms; whereas brain- 
lecithin, brain-kephalin and calcium phosphatidate contain predominantly the 
a -form. 


My thanks are due to Dr E. J. King, who directed this research, and to 
Dr H. D. Kay, under whose direction some of the enzyme work was carried out. 

This research was carried out under the tenure of a fellowship in the Depart- 
ment of Medical Research in the University of Toronto. 


REFERENCES. 

Chibnall and Channon (1927, 1). Biochem . J. 21, 225. 

(1927, 2). Biochem . J. 21, 233. 

(1927, 3). Biochem . J. 21, 1112. 

Grimbert and Bailly (1915). Compt. Bend. Acad . Sci. 160, 207. 
Karrer and Salomon (1926). Helv. Ghim . Acta , 9, 3. 

Kay and Lee (1931). J. Biol. Ohem. 91, 135. 

King (1932, 1). Biochem . J. 26, 586. 

(1932, 2). Biochem. J. 26, 292. 

Levene (1921). Physiol . Rev. 1 , 327. 

and Rolf (1919). J. Biol. Ghem . 46, 1. 

Rae, Kay and King (1934). Biochem. J. 28, 143. 

Tutin and Hahn (1906). J. Chem . Soc. 89, 1749. 

Wiilstatter and Ludecke (1904). Ber. deutsch . chem. Ges. 37, 3753. 


mm 


XXIII. ON METHODS OF DETERMINING THE 
DEGREE OF CALCIUM DEFICIENCY 
OF SHEEP. 





By ALLAN HENRY HECTOR FRASER, WIL LI AM GOLDEN 
and DOUGLAS WILLIAM AUCHINACHIE. 

From the Rowett Research Institute , BucJcsburn, Aberdeen. 


(. Received November lltk 9 1933.) 


The effect of lime and cod-liver oil supplements on the growth and serum- 
Oa of sheep fed on a Ca-deficient diet has been previously discussed by two of us 
[Auchinachie and Fraser, 1932]. 

The present communication records further experiments on the same subject 
in which Ca-balance determinations over a period were combined with blood 
analyses and clinical observations on the sheep. It emphasises the possible 
fallacies which may arise from any single method of investigation. 

Four groups of five young sheep of similar age and size were fed the following 
basal ration : 


2 lbs. per diem. 


Cooked maize 1 part \ 

Crushed oats ... 1 [ 

Bran 1 ,, j 

Dried distiller’s grains 1 „ ) 

Turnips to 10 lbs. per head daily 

Oat straw ... ... to \ lb. ,, 

Water and salt (NaCI) ad lib . 

This was supplemented in the various groups as under : 

Group I. Nothing. 

II. 2*5 ml. cod-liver oil per head daily. 

III. 2*2 lbs. of chalk per 100 lbs. concentrates. 

IV. 2*2 lbs. of chalk per 100 lbs. concentrates +2*5 ml. cod-liver 

oil per head daily. 

The relative intakes of CaO on these diets are shown in Table I. Experimental 
feeding began on 27th October and continued until 24th May, a period of 209 days. 
The fee din g pens were inside, covered, concrete-floored and bedded with moss 
litter. 

Results. 


Clinical . 

The growth curves of the four groups are shown in Fig. 1. For a period of 
84 days there was no differentiation in growth-rate. Subsequently growth-rate 
diminished in the basal group. In confirmation of previous work, a combined 
supplement of chalk and cod-liver oil had a greater effect on growth than either 
chalk or cod-liver oil alone; but in contrast to earlier findings the beneficial 
effect of chalk alone was greater than that of cod-liver oil alone [Auchinachie 
and Fraser, 1932]. 
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The group food consumption was unequal. The question therefore arises as to 
how much of the basal group’s growth retardation was due to decreased appetite, 
and how much to inefficient utilisation of the food consumed. The question can 
be answered by consideration of Fig. 2, where the weight of dry matter consumed 
per month in each group is plotted against time. The food consumed by group IV 
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Fig. 1. Live weight increase (1931-32). 

> I. Basal. . Group'll. Basal + C.L.Q. 

>111. Basal + CaC0 3 Group IV. Basal + CaC0 3 + C.L.O. 


Fig. 2. Food consumption. 
Group II. — . Group III. < 


Group IV. 



is seen to be almost double that of any other group. It may therefore be assumed 
that the omission of either chalk or cod-liver oil markedly decreased appetite. 
The relative amounts of food consumed during the balance experiments were 
slightly different owing to idiosyncracies of the individual animals and somewhat 
differing responses to cage environment. 

One effect of the deficiencies of the basal ration was therefore to decrease 
appetite and food consumption. The utilisation of the food consumed was also 
inefficient, since while group I consumed more food than group II, its final 
average weight was nevertheless substantially less. 

Balance determinations . 

Balance determinations were made on one sheep from each group towards the 
close of the experiment when group differentiation was marked. The sheep were 
confined in metabolism cages over a period of 13-16 days. N, CaO and P 2 0 5 
balances were determined, and the results are shown in Table I. On the basal 
ration the daily intake of N was 12T8g., of CaO, 2T0g. and of P 2 0 5 , 7-20 g. 
Of this intake the sheep retained some 4 g. of N, some 0*08 g. CaO and some 1*4 g. 
P 2 0 5 . The sheep was therefore practically in equilibrium as far as calcium was 
concerned. 

The chalk supplement increased the CaO intake to 7-20 g. It raised the CaO 
balance to 1*0 g., at the same time halving P 2 0 5 retention and leaving the N 
balance unaffected. 

Cod-liver oil raised the positive CaO balance to 1 g., but at the same time 
raised the P 2 0 5 , this latter effect being precisely opposite to that of chalk. 
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Table I. Results of balance experiments with individual sheep . 


Average daily excretions 


t — — K Average daily balances 

Nitrogen CaO P 2 0 5 , C _ 


.A. 



Ration and average daily 

Urine 

Faeces 

Urine 

Faeces 

r 

Urine 

Faeces N 

CaO 

PA 

Group 

intakes (g.) 

g- 

g* 

g- 

g- 

g- 

g- g- 

Cf 

g- 

I 

Basal 

N, 12*18; CaO, 2-10; P 2 0 5 , 7-20 

4-32 

3-79 

0-0045 

2-02 

0-60 

5-22 4-07 

0*08 

1-38 

II 

Basal + C.L.O, 

N, 14-57; CaO, 2-48; P 2 0 5 , 8-43 

4-97 

4-62 

0-0044 

1-46 

3-38 

2-84 4-98 

1-02 

2-21 

III 

Basal + Chalk 

N, 12-18; CaO, 7-20; P 2 0 5 , 7-20 

4-46 

3-58 

0*0049 

6-18 

0-04 

6-54 4-14 

1-02 

0-62 

IV 

Basal -!- Chalk + C.L.O. 

N, 15-56; CaO, 8-16; P a 0 5 , 7*89 

6-91 

4-12 

0-0211 

6-82 

1-04 

0-07 4-53 

1*32 

0-78 


Chalk and cod-liver oil together raised the CaO balance to the highest level, 
namely 1*3 g., and decreased P 2 0 5 retention. 

The relative excess of P 2 0 5 retained in groups I and II raises an interesting 
problem. In group I with calcium in equilibrium there was a daily retention of 
1-38 g. of P 2 0 5 . Obviously this could not have been deposited in the bones in the 
normal manner as calcium phosphate, and yet osseous tissue is the only large 
storage depot for phosphorus in the body. There is no evidence in the experimental 
data to elucidate this point, but further investigations are in progress along these 
lines. 

Blood analysis . The results of periodical serum- Ca and blood-inorganic P 
determinations are shown in Table II. The changes in plasma- phosphatase have 
been previously recorded [Auchinachie and Emslie, 1933]. 


Table II. 


October December February March April 


Group 

Ca 

P 

Ca 

P 

Ca 

P 

Ca 

P Ca P 

I. Basal 

11-55 

4-77 

9-41 

5- 88 

7-01 

8-40 

6-29 

7-50 6-36 7 *59 

2. Basal -1- C.L.O. 

11-75 

5-19 

10-61 

5-46 

10-52 

6-54 

10-00 

8-17 10-44 7-03 

3. Basal +CaCO s 

11-68 

5-28 

10-73 

5-12 

9-00 

5-01 

7*75 

8-93 7*31 7*12 

4. Basal 4- CaCOg 4- C.L.O. 

11-04 

5-27 

10-98 

5-77 

10-91 

6-10 

10-96 

7-99 11*60 7*43 


The figures show that serum- Ca fell to extremely low figures in groups I and III, 
but that C.L.O. retained it at a comparatively normal level. 


Discussion. 

The effect on growth of lime and cod-liver oil supplements to a Ca-deficient 
ration here recorded confirm previous work. The results of the blood analysis and 
balance determinations require further discussion. 

Consideration of Table II shows that the average serum-Ca figure for 
group I had fallen by April to 6-36 mg., an abnormally low figure. That for 
group III was 7*31 mg., also abnormally low. On the contrary the figure for 
group II, 10*44 mg., was within the normal range and only slightly lower than 
the figure for group IV, 11*60 mg. 

The logical interpretation of these figures is that the calcium deficiency of the 
basal ration lowered the serum-Ca of the basal group ; that a chalk supplement 
had little effect in raising it, but that cod-liver oil, either alone or in combination 
with chalk, restored it to a normal level. It might therefore be assumed that cod- 
liver oil was more effective than chalk in restoring a normal calcium balance, and 
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that cod-liver oil alone was almost as effective in this respect as when combined 
with chalk. 

This interpretation of the results of serum-Ca determinations does not eorre- 
spond with the growth differentiation of the groups or with the findings of the 
balance experiments. Consideration of Table I shows that a chalk supplement 
was as effective as cod-liver oil in increasing the positive CaO balance, and that 
chalk and cod-liver oil in combination were more effective than either alone; 
results which are in general conformity with the growth differentiation of the four 
groups. 

The indications of the state of calcium metabolism obtained respectively from 
blood analysis and balance determinations do not agree. The same is true of 
phosphorus metabolism. Thus in April the figures for blood-inorganic phosphorus 
were closely similar in all four groups (Table II), whereas there were wide 
differences in P 2 0 5 retention (Table I) at the same period. 

While the serum-Ca figures are averages for all five sheep in each group, the 
balance determinations were done on single sheep and are not therefore strictly 
comparable. A more reliable guide is to consider the serum-Ca figures for the 
individual sheep from blood samples drawn at approximately the same dates as 
those on which their calcium balances were determined (Table III). 


Table III. 



Group 

Index no. 
of sheep 

Av. daily 
balance 
g. CaO 

Serum-Ca 
mg. /CaO ml. 

I. 

Basal 

78 

0*08 

5*85 

II. 

„ +C.L.O. 

27 

1*02 

10*70 

III. 

,, + Chalk 

49 

1*02 

8*35 

IV. 

» + » +C.L.O. 

35 

1*32 

12*00 


From Table III it is again apparent that cod-liver oil had a relatively greater 
effect in raising the level of serum-Ca than in increasing calcium retention. It is 
also evident that a chalk supplement has a more favourable influence on calcium 
retention than the serum-Ca figures would suggest. 

On the other hand the association of calcium equilibrium with a serum-Ca 
figure of half the normal value is unexpected. It probably results from minimum 
Ca excretion owing to the low serum-Ca level. It follows that balance determina- 
tions alone might, under certain conditions, give a misleading indication of 
normality. 

From the results recorded in this communication it is evident that growth 
rate and clinical observation remain the soundest method of determining the 
effects of supplements added to a calcium-deficient ration. Blood analysis, 
particularly, cannot be accepted as a satisfactory substitute, until the factors 
governing serum-Ca level are more perfectly understood. A calcium dietary 
deficiency undoubtedly lowers the serum-Ca level, at least in sheep, but the effect 
of different factors in again raising it is not necessarily correlated with their 
effect on growth or on calcium retention. 


Summary. 

1. Supplements of chalk or cod-liver oil, fed to sheep on a calcium-deficient 
ration, resulted in improved growth rate and health, a combined supplement of 
chalk and cod-liver oil being more effective than either alone. 
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2. The arrest of growth in the basal, Ca-deficient group was due partly 
to decreased food consumption and partly to inefficient utilisation of the food 
consumed. 

3. The Ca-deficient ration lowered the serum-Ca, while supplements of 
chalk or cod-liver oil tended to retain it at a normal level. In this respect 
cod-liver oil was more effective than chalk. 

4. Balance determinations showed that the basal group was in calcium 
equilibrium; that both chalk and cod-liver oil produced a positive Ca balance; 
and that their effects were additive. 

5. The effect of cod-liver oil in retaining a normal serum-Ca level was much 
greater than its effect in increasing Ca retention or rate of growth. 
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XXIV. THE GLYOXALASE ACTIVITY 
OF TISSUES- 


By MAURICE JOWETT and JUDA HXRSCH QUASTEL. 

From the Biochemical Laboratory , Cardiff City Mental Hospital. 

(Received December 21st, 1933.) 

The authors have already investigated [Jowett and Quastel, 1933] the glyoxalase 
activity of red blood corpuscles. A study has now been made of the glyoxalase 
activity of tissues with the use of tissue-slices. 

An interesting finding, which former workers have not made clear, is that, 
owing to the high glyoxalase activity of tissues, diffusion of methylglyoxal sets 
a limit to the activity shown by tissue- shoes of the usual thicknesses. The 
glyoxalase activity is proportional not to the weight of the tissue-slices, but to 
their surface areas. The observed activity depends on the diffusion coefficient 
of methylglyoxal in tissues as well as on the intrinsic activity of the cells. 

This additional variable makes the designing and interpretation of experi- 
ments more difficult. Nevertheless we have been able to obtain a little further 
information on the part played by methylglyoxal in glycolysis. 

Methods » 

Rates of glyoxalase action have been measured, as in our former work 
[Jowett and Quastel, 1933], by the manometric method of Warburg. Methyl- 
glyoxal solution, contained in a side-tube, is added to the Ringer’s solution 
after equilibration of the manometers at 37°. Manometric readings are begun 
5-10 minutes later. 

Because comparatively large weights of tissue are used (usually of the order 
5-12 mg., no micro-balance being available), the rate of gas output is high, and 
measurements camiot be continued for long before changes in the methylglyoxal 
concentration become appreciable. The high rates however permit fairly accurate 
measurements of the velocity to be made over a short period. 

Methylglyoxal was made by the method of Riley et ah [1932], a practically 
neutral solution being obtained 1 . We have assumed that the gas-output in our 
anaerobic experiments corresponds to formation of lactic acid. The gas output 
is completely thermolabile. 

The anaerobic glyoxalase activity of tissue-slices . 

In Table I are given the results of experiments on the glyoxalase activity 
of tissue-slices under anaerobic conditions. The only substrate added is methyl- 
glyoxal, and the proportion of the gas output due to glycolysis is very small. 

Slices of several thicknesses have been employed in each experiment. It is 
found that the value of Q fl is greater the thinner the slice, and even with the 
thinnest slices used there is no evidence that has reached a limiting value. 

1 For the methylglyoxal used in our former work we are indebted to Prof. C. Neuberg. 
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Table I. Anaerobic glyoxalase activity of tissue-slices of varying thicknesses 
At 37°. Nj + 5 % C0 2 . 

Ringer’s solution containing 0*025 M NaHC0 3 . 

Initial methylglyoxal concentration M/ 100. vp = 3*2 ml. 

Measurements relate to the period about 7-25 minutes after addition of methylglyoxal. 
Qj 2 = mm. 3 C0 2 evolved per hr. per mg. dry weight. 

$^2 = mm. 3 C0 2 evolved per hr. per cm. 2 of surface. 

Thickness of slice 
Tissue mm.* 

Guinea-pig kidney 0*22 105 240 

0*27 86 235 

0*41 74 (205) 

0*47 51 245 

Guinea-pig liver 0*43 29*5 127 


Jensen rat sarcoma 


Jensen rat sarcoma 


0*38 61 (235) 

* The thicknesses of the slices are calculated by the approximate assumption that the volume 
of a slice in mm. 3 is five times its dry weight in mg. 

On the other hand 8, the rate per unit surface 1 , is constant within the experi- 
mental error. (The data have not been selected, and some irregularities are 
evident.) 

These findings show that methylglyoxal in appreciable quantity is pene- 
trating only a short distance into the slices. Only a thin outer layer of the 
slices contributes appreciably to the metabolism; hence the proportionality to 
the surface area. If sufficiently thin slices were studied, Q should rise to a 
value almost independent of the thickness, and 8 should decrease as slices below 
the limiting thickness are reached. Our experiments have not been made with 
slices sufficiently thin to show these limiting phenomena, and consequently we 
have no direct method of deducing from our data either the maximum value 
of Q ff or the limiting thickness. 

It is clear that our values of Q , in common with those of former workers, 
do not measure the glyoxalase activity of tissue cells supplied with a definite 
concentration of methylglyoxal but give a mean activity averaged over all the 
cells of the tissue-slice, some of these cells obtaining practically no methylglyoxal. 

The values of 8, the activity per unit surface, are however characteristic for 
each tissue. 8 will be a function both of the rate at which cells can transform 
methylglyoxal into lactic acid and of the diffusion coefficient of methylglyoxal. 
Under certain conditions [Jowett, 1934] the value of 8 is given by the equation 

s^^/MmFo (i)» 

1 8 is defined in Table I. In calculating surface both sides of the slice are counted, and the 
area due to the edges has been neglected. 
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where A is the amount of methylgiyoxal consumed per unit volume of tissue 
adequately supplied with it 1 , D is the diffusion coefficient of methylgiyoxal in 
the tissue, and Co is the concentration of methylgiyoxal in the outer medium. 

The diffusion coefficient, D, may not change much from one tissue to another, 
and variations in 8 may be chiefly caused by differences in A , which measures 
the capacity of tissues to transform methylgiyoxal when supplied with it. From 
the data in Table II it seems likely that A , and therefore the maximum 
is higher for kidney than for liver and tumour tissue. The figures in Table XI 
each relate to tissue from a different animal and show that 8 for any one 
tissue is fairly constant from one individual animal to another. 

Table II. Anaerobic glyoxalase activity of tissues . 

Conditions as in Table I. 


Guinea-pig kidney 
Guinea-pig liver 
Jensen rat sarcoma 
Rat kidney 


240, 240, 232, 271 
127, 130 
126, 115 
193, 175 


In Table III are given the highest values of which we have observed 
for various tissues. In each case, the figures provide a lower limit to the 
maximum value of Qff The values found by other workers are given for com- 
parison. Conclusions as to the relative activity of glyoxalase in the tissues 

Table III. Anaerobic glyoxalase activity of tissue-slices. 


Conditions as in Table I. 


Highest observed value of 



Rat spleen 
„ testis 
„ brain 

„ sarcoma (Jensen) 

„ kidney 
Guinea-pig brain 
„ testis 

„ kidney 

„ liver 

lung 

Measurements by other authors. 


Rat liver 

Flcxner rat carcinoma 
Brain (rat?) 

Liver (rat?) 
Diaphragm (rat?) 

Rat liver 


Warburg et at. [1924] 
Meyerhof [1925] 


Rosenthal [1930] 


cannot be drawn from these data. The thickness of the slices varies considerably, 
and furthermore the limiting thickness for maximum activity must also vary. 
We cannot yet estimate how far we are from the maximum values. For human 
red blood corpuscles we found [Jowett and Quastel, 1933] values of Qff about 
55-75, which are presumably maximum. Other cells may be expected to show 
higher limiting values, and values up to 200 are quite conceivable. 

1 Regions partially but not adequately supplied are neglected. 
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The observed anaerobic glyoxalase activity of most tissues, using tissue- 
slices in 0-01 M methylglyoxal, falls off fairly rapidly as time passes.” This is 
illustrated in Fig. 1, where the rates of gas output are plotted against time, 
taking the initial rate in each case arbitrarily to be 100. The first measurement 
of rate relates to a time about 10 minutes after methylglyoxal is added. While 
the velocity-time curves are similar for duplicate slices of any one tissue from 
the same individual animal, there is much variation from one animal of the 
same species to another. The variability from one tissue to another shows that 
the effect can only be due in a minor degree to the diminution in substrate 
concentration with time. 

The behaviour of red blood corpuscles is shown in Fig. 2. The rate in 0*01 M 
methylglyoxal falls off slowly. In 0*02 M methylglyoxal the decrease in rate is 
greater. The decrease in 0*005 M methylglyoxal is chiefly due to the low sub- 
strate concentrations which are soon reached as the methylglyoxal is consumed. 
The experiment shows that, in a case where diffusion should he adequate to 
saturate the enzyme system with methylglyoxal, the maximum value of Q)f 
is reached at a low methylglyoxal concentration. Raising the methylglyoxal 
concentration evidently has a toxic effect on the enzyme system, for the initial 
value of Qff is lower in the higher concentrations, and the rate of decrease in 
Qx 2 is greater. 

That tissue-slices are damaged by methylglyoxal is suggested by their change 
in appearance, on which Kisch [1932] has already remarked. Tissue-slices usually 
become tougher and firmer, and frequently swollen and opaque, after exposure 
to 0*01 M methylglyoxal in Ringer’s solution. Slices of brain become fragile to 
handle. Loss of pigment, which normally takes place with slices of spleen and 
liver, is prevented. The changes in appearance are more rapid in higher methyl- 
glyoxal concentrations; in concentrations below 0*011/ they are less marked. 

From these changes, it would not be surprising if the diffusion coefficient of 
methylglyoxal in tissues altered as time passed. The behaviour of rat testis, 
shown in Fig. 3, may be due to such changes. The observed glyoxalase activity 
goes through a maximum, at the higher concentrations, which may be due to 
an initial lowering in the ability of methylglyoxal to diffuse, which then 
disappears as the membranes are further damaged. The diffusion, of sodium 
lactate through muscle shows analogous changes [Eggleton et oL, 1928]. 

Fig. 4 illustrates the behaviour of guinea-pig liver. In this experiment 
0*00/ methylglyoxal apparently had little toxic effect on the enzyme system, 
while higher concentrations exerted progressive inhibitory action. Roth Mgs. 
3 and 4 illustrate the tendency for high methylglyoxal concentrations to produce 
higher apparent glyoxalase activity. We consider that this effect is due to a 
thicker layer of tissue being supplied with substrate. 

It is only in the case of red blood corpuscles that we ^ can. safely attribute 
the effects of raising the methylglyoxal concentration entirely to toxic action. 
With tissue-slices we have as additional factors: (1) the better supply of methyl- 
glyoxal to the tissue, and (2) possible changes in the diffusion coefficient of 
' methylglyoxal. 

In carrying out experiments on the effect of varying conditions on the 
observed glyoxalase activity of tissue-slices, two methods have been used. 

(1) The measurement of activity per unit area of surface (8 ) . 

(2) The use of tissue-slices of equal thickness, activity then being stafcec 
per unit weight (in terms of Q . By choosing slices carefully, and then, cutting 
each slice into several smaller' ones, which are distributed, among the several 
manometric vessels, it is possible to obtain fairly reproducible behaviour, wi l 









TISSUE GLYOXALASE 


occasional irregularities. This method, which was used in obtaining the data 
of Figs. 1, 3 and 4, is applicable in many cases where rectangular slices of 
reasonable size — for measurement of area — are hard to obtain. 

From what has already been said, it should be clear that changes in the 
observed activity do not necessarily correspond with equal changes in the 
intrinsic glyoxalase activity of tissues. An additional point will be noted here. 
If the intrinsic activity falls, the methylglyoxal will penetrate further into the 
slice (no change in diffusion coefficient being supposed to take place), and as 
a result the observed change in activity will not be so great as the change in 
intrinsic activity. When equation (1) holds good, 8 will change proportionally 
to the square root of A, if D and Go are constant. The observed values of will 
similarly change proportionally to the square root of the maximum Q , pro- 
vided that the slices are incompletely saturated with substrate. 

According to equation (1) 8 should vary as the square root of the concentra- 
tion of methylglyoxal. At very low concentrations of methylglyoxal, according 
to Jowett [1934], 8 should vary instead proportionally to the concentration. 
That is, 8 varies as c n , where n changes from 1 at low values of c to 0*5 at high, 
values. Toxic effects are not considered. Measurements have been made of the 
values of 8 for guinea-pig kidney at a number of methylglyoxal concentrations ; 
the data, shown in Fig. 5, refer to two different experiments. They appear to 
fit the linear equation best in dilute solutions and the square-root relation better 
in stronger solutions. The values of 8 are however not very suitable for testing 
the equations. In dilute solutions the substrate concentration is falling off 
rapidly with time, and in the stronger solutions toxic effects enter. 

The influence of glucose on glyoxalase action . 

If methylglyoxal is an intermediary in glycolysis, when methylglyoxal and 
glucose are both presented to a tissue competition between the two substances 
should occur. More strictly, the competition would he between added methyl- 
glyoxal and that produced from glucose. Addition of glucose should not increase 


No. of Substrate 
Tissue experiments absent 

Rat spleen 2 2*0 

Rat testis 4 0*5 

Rat brain* 4 1*5 

Guinea-pig testis 2 4*5 

Guinea-pig kidney 2 — 

Jensen rat sarcoma* 2 2-5 

* The measurements of Q J 2 in the absence of sub; 
in these cases before methylglyoxal was added to of 
to exaggerate relatively the former figures. 
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Experimentally the difficulty is to saturate tissue-slices with methylglyoxal, 
and in the experiments given in Table IV we do not know how far this saturation 
is attained. Competition, if it is taking place at all, may only take place in a 
small portion of the tissue-slice, the central portions being supplied only with 
glucose. 

The data suggest that some competition is taking place, except in the case 
of rat brain, and they therefore appear to support to some extent the view that 
methylglyoxal is an intermediary in glycolysis. Other interpretations are not 
excluded. We consider that further experiments on this subject should be re- 
stricted to tissues, such as leucocytes, which can be adequately supplied with 
methylglyoxal. 

The effect of oxygen on glyoxalase activity . 


The glyoxalase activity of human erythrocytes is less in oxygen than 
anaerobically [Jowett and Quastel, 1933]. With regard to tissue-slices, Meyerhof 
[1925] has stated that oxygen has no effect on the glyoxalase activity of brain 
and attributes the lower apparent activity of diaphragm and liver in oxygen 
to depression of glycolysis. 

Respiration and glycolysis are complicating factors in experiments with 
tissue-slices. By omitting glucose from our Ringer’s solution we consider we 
have avoided appreciable glycolysis in our experiments (except possibly with 
liver). 

As regards respiration, we have adopted, in a first series of experiments, the 
assumption that respiration proceeds unchanged in presence of methylglyoxal 
and have corrected the observed manometric changes in oxygen on this basis, 
employing either measurements of our own for the manometric correction due 
to respiration, or data such as those of Dickens and Greville [1933]. 

We have found that the oxygen uptake of slices of guinea-pig liver and 
kidney is not affected immediately by 0*01 M methylglyoxal ; appreciable inhibi- 
tion develops in 30-60 minutes. We have therefore some evidence that Q 0< is 
unaffected by methylglyoxal. That the b.q. is unaffected has been assumed 
without direct experimental evidence. 

The observed percentage effects of oxygen on the rate of glyoxalase action 
of tissue-slices are shown in Table V , the effects before and after correction for 


Table V. Effect of oxygen on observed glyoxalase activity of tissue-slices. 


Conditions as in Table I, except that activity is calculated per unit weight of tissue. Measure- 
ments relate to a period 6-20 minutes after addition of methylglyoxal. Rates in O., + 5 % CO, 
compared with those in N 2 +5 % C0 2 . ' “ 


Tissue 

Guinea-pig liver 
„ kidney 
Rat. testis 
„ brain 
„ spleen 
99 kidney 
Jensen rat sarcoma 


Mean percentage effect of oxygen 

No.' of ( a 

experiments Uncorrected Corrected 


5 

4 

4 

3 

3 

1 

9 


-IS 
-10 
+ 4 
+ 9 
-24 
-25 
-11 


- 9 

- 8 
+ 9 
+ 11 
-14 
-14 

0 


respiration being given. Evidently the initial effect of oxygen on glyoxalase 
activity is not large. As time passes, the apparent inhibitory effect of oxygen 
increases This is shown m Pigs. 6 and 7, in which are given the rates in oxygen 
(uncorrected for respiration) relative to those in nitrogen as a function of time. 
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The initial ratio is arbitrarily taken as 100 in each case. In every case the ratio 
falls off as time passes 1 . If an inhibitory effect of oxygen is not present at first 
(Table Y), it appears to develop as time passes. It is interesting to note that 


/ / 
100 - / x / 


50 -/ / 

i / 

/ / 


0 0-002 0-004 0-006 0-008 0-010 


Methylglvoxal concentration (If) 

[?ig. 5 # Glyoxalase activity of guinea-pig kidney per unit surface. 

100 " Guinea-pig 

•I 


70 0 10 20 30 40 50 60 70 

Time in minutes 

Fig. 0. Ratio of aerobic to anaerobic glyoxalase activity for various tissues. 


U io 20 30 40 50 60 

Time in minutes 


l?i g . 7 . Rat testis. Ratio of aerobic glyoxalase activity to anaerobic glyoxalase activity. 

rat testis shows anomalous behaviour (Fig. 7), the ratio passing through a 


minimum and then rising again. . , ln , )r or4t * n 

In a second series of experiments we have measured aerobic glyoxalase a tu n 
by the method pf Negelein [1925], in which the decrease of bicarbonate corn ui- 

1 Bata for Jensen rat sarcoma arc not available. 
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tration during the experimental period is a measure of acid production. In this 
series the activity per unit surface of the tissue-slices has been measured. The 
data obtained are given hi Table VI. In these experiments the ^p H and bicar- 
bonate concentration change considerably, and hence in each experiment the 
sizes of slices have been chosen so that the total glyoxalase action in the nitrogen- 
containing vessel is nearly equal to that in the oxygen- containing vessel. 

Table VI. Anaerobic and aerobic glyoxalase action of tissue-slices. 

Mf 100 methylglyoxal. N 2 or 0 2 containing 1*5 % C0 2 . 

3*2 ml. Ringer’s solution containing 0*0073 M NaHC0 3 . 


Tissue 

period 

mins. 


s°~ 

° M 

Percentage effect 
of oxygen 

Guinea-pig kidney 

49 

168 

132 

-21 

„ liver 

50 

84 

72 

-14 

' ■>? 

34 

80 

66 

-17 


60 

76 

50 

-34 


50 

94 

69 

-26 


46 

91 

70 

-23 

J9 S? 

66 

80 

62 

-23 

Cat brain* 

37 

— 

— 

-20 

* 

SJ 

30 

— 

— 

-17 

* In the case of cat brain the activity per unit weight was measured. 


The experiments show a quite definite inhibitory effect of oxygen on the 
acid production. Since lactate is being produced by glyoxalase action, in experi- 
ments of any length some lactate will be removed by oxidation. We consider, 
however, that the effect of lactate oxidation on our results will be small. 

The real action of oxygen on glyoxalase activity of cells will, according to 
equation (1), be nearly twice the effect observed on the activity of tissue-slices 1 . 
Accordingly, the effect of oxygen on the activity of cells may be greater than 
on that of erythrocytes, for which it amounts to about 20 % . 

In considering the effect of oxygen on glyoxalase activity hi relation to its 
possible bearing on glycolysis, it must be remembered that the effect of oxygen 
may be a function of the methylglyoxal concentration. As methylglyoxal com- 
bines with glutathione, the coenzyme of glyoxalase [cf. Jewett and Quastel, 
1933], a high methylglyoxal concentration may partially protect glutathione 
from oxidation, and the effect of oxygen on glyoxalase activity may therefore 
be less at high methylglyoxal concentrations than at low ones. This expectation 
appears to be realised in the case of human erythrocytes (Table VII). 


, CO, 


Table VII. Glyoxalase activity of human erythrocytes. 

. NaHCOg 0*025 M. 0*2 % glucose present. Cells well washed with saline. 
Methylglyoxal 0*02 M Methylglyoxal 0*005 M 


Exp. No. 


GS? 

QxIQm* 

Q*r 


QmIQat 

I 

62-5 

55*5 

0*88 

67*5 

56 

0*83 

2 

63*5 

55 

0*86 

75 

58*5 

0*78 

3 

46 

44*5 

0*97 

59*5 

46*5 

0*78 



Mean 

0*90 



0*80 


If the greater inhibitory effect of oxygen on glyoxalase activity is a general 
phenomenon at low methylglyoxal concentrations, the supposition that methyl - 
1 Because A, or the maximum varies as /S’ 2 . 
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glyoxal is an intermediary in glycolysis goes some way to explain the Pasteur 
phenomenon. Methylglyoxal as an intermediary will he present in tissues only 
in low concentrations, or glycolysis would proceed much faster than it does. 

It may be remarked that the Pasteur phenomenon, i.e. the diminution of 
glycolysis in oxygen, is definitely in need of explanation. The view advanced by 
Meyerhof and Warburg, that in oxygen tissues can resynthesise lactic acid to 
carbohydrate, has so far been substantiated only for one mammalian tissue, 
liver [Gori and Cori, 1929]. Yet liver is the one tissue in which it is doubtful, 
from the data of Dickens and Greville [1933], whether glycolysis is affected 
by oxygen. 

Lipmann [1933] has put forward the interesting suggestion that the glycolytic 
ferment may be reversibly oxidised, the oxidised form being inactive 1 . The 
suggestion rests principally on experiments with dyestuffs which are considered 
to Vet solely as oxygen carriers. It is to he remembered, however, in considering 
Lipmann 5 s experiments that a number of dyestuffs are toxic to ferments [cf. 
Yabusoe, 1925; Quastel, 1932], and it is possible that this toxicity is lost on 
reduction of the dyestuffs to their leuco-forms. 

Glyoxalase activity in relation to glycolysis. 

Experiments on muscle extracts have led Embden et al. [1933] to propose, arid 
Meyerhof and Kiessling [1933] to support, a mechanism for glycolysis in which 
methylglyoxal has no place. Their work cannot however permit us to ignore the 
evidence that methylglyoxal is, in some tissues at least, a probable precursor 
of lactic acid. Many facts support or are in accordance with such a view. 

(1) Tissues treated so as to inhibit glyoxalase activity produce methylglyoxal 
from hexosediphosphate [Neuberg and Simon, 1933] and from glyceraldehyde- 
phosphoric acid [Barrenscheen and Beneschovsky, 1933]. 

(2) All tissues investigated, with the exception of pancreas, can transform 
methylglyoxal into lactic acid. 

(3) The kinetics of glyoxalase action satisfy the conditions required for 
participation in glycolysis. 

(a) ' The rate of transformation of methylglyoxal into lactic acid by tissues 
is high and should proceed as rapidly as glycolysis at quite low methylglyoxal 
concentrations. The best evidence for this is provided by the present work. It 
had previously been in doubt whether the glyoxalase activity of tumour tissue 

was sufficiently high. . 

( b ) The activity of glyoxalase extends over a range of p H similar to or 
greater than that of the glycolytic enzyme-system [Kuhn and Heokscher, 1926; 

Lohmann, 1932]. 7 

(c) Glyoxalase action is only inhibited by substances which also affect glyco- 
lysis to an equal or greater extent. The actions of fluoride [Lohmann, 1.933], 
iodoacetic acid [Dudley, 1931 ; Lohmann, 1933], and narcotics [Meyerhof, 1925], 
may be mentioned in this connection. Pancreatic extracts affect both enzyme 
systems [Harrison and Mellanby, 1930; Girsavicius, 1933] hut quantitative 
comparisons have not been made. 

(d) It also appears, from the present work, that the effect of oxygen on 
glycolysis is paralleled to some extent by its effect, on glyoxalase action. 

‘ ‘ It ‘must be admitted that the methylglyoxal theory meets with certain 
difficulties. Lohmann has shown [1932] that muscle extracts possessing no 

> This suggestion is formally similar to the view already expressed by the authors 11933J 
that a partial explanation of the Pasteur phenomenon may be found in the reversible oxuiatjon 
of glutathione — the co-enzyme of glyoxalase. 
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glyoxalase activity can break down glycogen to lactic acid. This proves that 
at least one tissue — or rather one tissue extract — has a mechanism of glycolysis 
not involving methylglyoxal. Many facts however favour the view that different 
tissues may have glycolytic mechanisms differing in detail, and even that one 
tissue may have several mechanisms for glycolysis (cf. Ashford, 1933). It can 
he suggested that several paths from carbohydrate to lactic acid may exist in 
tissues, and that methylglyoxal is not an intermediary in all of them. 

The lactic acid produced by glyoxalase action is also apparently not stereo- 
chemically identical with that produced by glycolysis. It is not however certain 
that glycolysis produces only the d-form. It is, alternatively, conceivable that 
the glyoxalase action of undamaged cells at low methylglyoxal concentrations 
may produce only the d-form, for the variability in the rotations observed 
suggests that toxic effects may he playing a part. 

Summary. 

1. An investigation of the glyoxalase activity of tissue- slices shows that 
diffusion of methylglyoxal into the slices limits the rate of reaction. Glyoxalase 
action is proportional to the surface areas of tissue-slices, not to their weights. 
The glyoxalase activity of tissues is greater than has been hitherto supposed. 

2. It is possible that methylglyoxal and glucose compete as substrates. 

3. Oxygen partially inhibits glyoxalase activity in most tissues. 

4. Glyoxalase activity is discussed in relation to glycolysis. 

The authors wish to thank Prof. W. C. M. Lewis for the loan of manometric 
apparatus, and Dr G. D. Greville for the gift of tumour- bearing rats. 

One of the authors (M. J.) is indebted to the Medical Research Council for 
a whole-time grant. 
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XXV. THE EFFECT OF PY0CYAN1NE ON THE 
RESPIRATION OF SOME NORMAL 
TISSUES AND TUMOURS 1 . 

By ERNST A. H. FRIEDHEIM. 

(. Received December 23rd , 1933.) 

Warburg’s theory states that the tumour cell suffers from a relative insufficiency 
of respiratory enzyme, so that even under aerobic conditions the balance of the 
Pasteur-Meyerhof reaction shows an excess of lactic acid. This suggests that the 
lack of enzyme might be compensated by the addition of an accessory catalyst. 
This working hypothesis gains support from the evidence that a similar mechanism 
actually occurs in nature [Friedkeim, 1931]. The Bacillus pyocyaneus contains, 
besides cytochrome, a respiratory ferment similar to that found in higher 
animals in that it is sensitive to CO and KCN. However, even with free access of 
molecular oxygen this respiratory enzyme proves insufficient in the absence of 
assimilable extraneous substances; the oxygen consumption is minimum, the 
respiratory quotient is almost zero and the oxidation incomplete. Corresponding 
to those conditions described by Warburg as being characteristic of the tumour 
cell, B. pyocyaneus lives almost as an anaerobic organism even in the presence of 
air. Under certain conditions it produces the blue pigment, pyocyanine, which, 
owing to the reversibility of its oxidation and reduction, acts as an accessory 
oxidation catalyst. In its presence oxygen consumption is increased as much as 
twenty-four fold and the R.Q. approximates to unity. 

It has previously been shown [Friedkeim, 1931] that the stimulating effect of 
pyocyanine on respiration is in no way species-specific but is also to be observed 
in the red blood corpuscles of rabbits. In the following the effect of pyocyanine 
on the respiration of some normal and tumour tissues will be described. 


Experimental. 

Procedure. The Barcroft- Warburg manometric method was employed. Tissue 
sections 0*2 mm. thick were put with 2 ml. of Ringer’s solution into the main 
chamber of a 10 ml. respiration vessel. For the absorption of C0 2 the inner 
vessel contained 0*2 ml. of 6 % NaOH, the accessory bulb 0*2 ml^Jf/50 
solution of recrystallised pyocyanine. The thermostat was kept at 37*5°. The 
manometer was shaken at the rate of fifty complete oscillations per minute. The 
oxygen consumption in Ringer’s solution v r as measured for a first period varying 
from 30 to 60 minutes. The pyocyanine was then tipped from the accessory vessel 
into the main chambers, and the observations were continued during a second 
equal period. This method suffers from the unphysiological condition that the 
partial pressure of C0 2 is held at approximately zero; but against this drawback 
stands the great advantage of extraordinary simplicity and the identity of the 
tissue fragment in the experiment and the controls. 

1 This work has been carried out in the department of Prof. Leonor Michaelis at the Rocke- 
feller Institute for Medical Research, New York. I wish to express my indebtedness .and gratitude 
to Prof. S. Mexner and to Prof. L. Michaelis for the hospitality and the facilities they kindly 
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Tissue sections which were introduced into the previously warmed respiration 
vessels within a period of less than four minutes after the death of the animal 
showed the oxygen consumption to be strictly proportional to the time for a 
period of at least 100 minutes. The deviations to be expected with exclusion of 
bacterial growth are in the direction of a decrease in respiration and cannot 
exaggerate any observed increase in respiration. The Ringer’s solution contained 
0*0025 M bicarbonate. In the experiments where sugar was added, a concentra- 
tion of 0*2 % glucose was used. In those in which phosphate -Ringer was em- 
ployed, the phosphate concentration was 0*01 M and the p-^ 7*4. 

' Results . As can be seen from Tables I-III, the respiration of rat kidney in 
carbonate-Ringer is either uninfluenced or slightly impeded by pyocyanine; 
whereas the respiration of testicular tissue, and more so that of tumours, is very 

Table I. Respiration of rat kidney . 

Corrected manometric values for mm. 3 0 2 absor bed obtained in two periods of equal duration, 
the first without, and the second with, pyocyanine. 

Duration of exp. 30-60 mins. 

Thickness of section 0-2 mm. 

Glucose concentration 0*2 % 

Atmosphere 0 2 

Temperature . 37*5° 

Final pyocyanine concentration ilf/500 

Absorption of C0 2 by 6 % NaOH 


In carbonate-Ringer 2*5/1000 M 


In phosphate-Ringer (1/100 ill) p H 7*4 


Exp. 

Without* 

With 

■ N, 

Difference 

Without With 

Difference 

No. 

pyocyanine 

pyocyanine 

% 

pyocyanine pyocyanine 

% 

1 

2*6*0 

25*6 

- 1*5 

18*0 22*1 

+ 22*7 

2 , 

19 

16*5 

-13*15 

22 29 

+ 3.1*8 

3 

32 

26 

-12*5 

31 31*8 

+ 2*5 

4 

18*5 

18*0 

- 2*7 

25 36 

+ 3*6 

5 

35 

31 

-11*4 

35 37*5 

+ 7*1 

6 

35 

37 

+ 5*7 

50 53*0 

+ 6*0 

7 

30*4 

30*7 

+ 1*9 

54*0 60*2 

+ 11*5 



Mean difference -0*5 % 

Mean difference 

+ 16*8% 



* 

Mean value of Q 

cv 



Table II. Respiration of testicular tissue {rat). 

Corrected manometric values for mm. 3 0 2 absorbed obtained in two periods of equal duration, 
the first without, the second with, pyocyanine. 

Testicular tubuli carefully dissociated to form only one layer. 


Ringer solution 
Duration of exp. 

Glucose 

Final pyocyanine concentration 

Atmosphere 

Temperature 

Absorption of C0 2 by 6 % NaOH 


NaHCOg 2*5/1000 M 
30-60 mins. 

0*2 % 
if/500 

Go 

37*6° 


Experiment 

Without* 

With 

Difference 

No. 

pyocyanine 

pyocyanine 

% 

1 

59 

67 

+ 30*5 

2 

43 

49 

+ 13*9 

3 

53 

58 

+ 9*4 

4 

59 

68 

+ 15*2 

5 

22 

30 

+ 30 


Mean difference +19*8 % 
Mean value of Q o 2 , 9*4. 


PYOCYANINE AND TISSUE RESPIRATION 


175 


Table III. Respiration of tumour tissue and rat testicle 
in Ringer solution 2-5/ 1000 M. NaHC0 3 . 

(Conditions the same as in Table I). 


With 0*2 % glucose Without glucose 

A x t . ,v_ 




Without 



Without 



Experi- 

With 

Differ- 

With 

Differ- 


ment 

pyo- 

pyo- 

enee 

pyo- 

pyo- 

ence 

Tissue 

No. 

cyanine 

cyanine 

°L 
/ 0 

cyanine 

cyanine 

0/ 

/o 

Mouse sarcoma 

1 

23 

32-7 

+ 42 

35 

23*5 

- 25*7 

S 37 

2 

20 

32 

+ 60 

39 

33 

- 15*3 


3 

39 

54 

+ 38*o 

25 

28 

+ 12 


4 

23 

62 

+ 170 

20 

20 

0*0 


5 

23 

31-3 

+ 36 

27 

24*1 

-11 


6 

57 

78 

+ 36*9 





7 

28 

34 

+ 23*5 





8 

29 

61-6 

+ 105 

26 

30*3 

+ 16*o 



Mean values 

+ 63*8 



_4. o/ 

Mouse sarcoma 

1 

16*4 

24 

+ 46*3 

25 

27 

+ 8 

S 159 

2 

19 

33 

+ 73*7 

23 

27 

+ 17*4 


3 

18 

24 

+ 33*7 

18 

16 

-11 


4 

29 

39 

+ 37*9 





5 

18 

22 

+ 22*2 

23 

23 

0*0 


6 

22 

32 

+ 4o*4 

26 

28 

+ 7*7 



Mean values 

+ 43*2 



+ 2*4 

Human breast 

1 

9 

23 

+ 155 

7 

8 

+ 12*5 

carcinoma 

2 

22*5 

29-6 

+ 31*8 

18 

18 

0*0 


3 

10 

24 

+ 140 




Spindle- cell sar- 

1 

23-5 

42 

+ 78*8 

14 

14 

0*0 

coma of humerus 








N euro - blastema 

1 

12 

27 

+ 125 

20 

37 

+ 75 

of retina 

Rat testicle 

1 

9-02 

11*65 

+ 29*7 

7*4 

7*4 

0*0 

(mm, 3 0 2 /hr./mg.) 

2 

9-72 

12*31 

+ 26*6 

7*2 

7*2 

0*0 


considerably enhanced. It is worthy of note that the presence of glucose is 
essential for the increase of respiration observed with pyocyanine. This is con- 
trary to the findings in the case of bacteria, where the catalytic effect of 
pyocyanine is exercised on the substance of the cell itself only in the absence 
of extraneous assimilable substances. 

The relative toxicity of pyocyanine and methylene blue . 

Harrop and Barron [1928] were the first to show that the respiration of living 

! cells can be increased by the catalytic action of reversible dyestuffs such as 

methylene blue. These authors found, in accordance with the theory, that the 
accessory catalyst could only enhance the respiration in cases where there is 
aerobic glycolysis, i.e. where the respiration is insufficient to bring about the 
disappearance of all lactic acid in the Pasteur-Meyerhof reaction. Our experi- 
ments confirm in principle those of Barron [1930], as they show that kidney, a 
tissue without aerobic glycolysis, is uninfluenced by pyocyanine in its respira- 
tion, or if anything, slightly hindered; whereas in tumours with positive aerobic 
glycolysis the respiration is considerably increased. In accordance with their 
theoretical considerations the above-mentioned authors expected to find that in 
the case of testicular tissue, which exhibits aerobic glycolysis, the respiration 
would be increased on the addition of methylene blue. However, methylene blue 
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failed to bring about this effect, which, as can be seen from Table II, was brought 
about by pyocyanine. As the potential range of the two dyestuffs is of the same 
order of magnitude (E 0 pyocyanine = -34 mv. E 0 methylene blue = +11 my. at 
P R 7*0), the cause of the dissimilarity in their actions is to be sought in a difference 
in toxicity. In the case of testicular tissue, the catalytic action seems to be 
almost exactly compensated by the toxic action. Pyocyanine, probably owing 
to its small affinity for proteins and high affinity for lipoids, is much less toxic 
than methylene blue. In the previous experiment with rabbit erythrocytes, 
pyocyanine caused an increase in respiration of 1250 °/ 0 (duration of experiment, 
one hour), a figure which is just above the best values reported by Harrop and 
Barron [1928] and Miehaelis and Salomon [1930] with methylene blue. 

In normal rat kidney, which shows practically no glycolysis, the toxicity 
cannot be masked by any catalytic action. In spite of this fact the average 
inhibition of respiration brought about by pyocyanine is only 5*8 %, while with 
methylene blue, according to Harrop and Barron, this amounts to 13*8 %. It is 
to be emphasised that our experiments were carried out with carbonate-Ringer, 
while those of Harrop and Barron were done with phosphate- Ringer. 

Influence of phosphate. 

In opposition to Dixon and Elliott [1929], Warburg [1931] has strongly 
emphasised the unphysiological action of phosphates. Using phosphate solution, 
Dixon found that the inhibition of tissue respiration by cyanide was incomplete; 
in other words, the phosphate solution caused a relative increase in the respira- 
tion. An effect of phosphate in the same sense was apparently observed by Barron, 
since he reports that in phosphate solution the catalytic action of methylene 
blue on the respiration of rabbit erythrocytes is increased. Table I shows that 
in normal rabbit kidney in the presence of phosphates pyocyanine causes a 
considerable increase in respiration which does not occur in carbonate-Ringer. 

In Barron’s [1930] experiments methylene blue inhibited the respiration of 
rat kidney even in a phosphate-Ringer solution, which in itself tends to increase 
the catalytic action. On the other hand, under the same conditions pyocyanine 
induces an increase of 16-8 %. Hence the difference in toxicity of the two dye- 
stuffs is readily demonstrated. 

Recently Dickens and Simer [1930] have used phosphate-Ringer for deter- 
mining the b.q. in tissue sections. In control experiments these authors have 
compared the standard values of the respiration (Q 0 f in carbonate- and in phos- 
phate-Ringer. These authors, having obtained results which coincide within the 
limits of experimental error, feel justified in assuming the conditions in phosphate- 
Ringer to be physiological and in according an important role to the values of the 
b.q. determined in such solutions. In view of the above experiments it seems to 
us that the comparability of the standard values of respiration in carbonate- and 
phosphate-Ringer offers no guarantee that the tissues in phosphate-Ringer are 
under physiological conditions. The great increase in respiration caused by 
pyocyanine in phosphate- but not in carbonate-Ringer in normal rat kidney 
seems strongly to indicate that in phosphate solution the oxidation mechanism 
of the cell is fundamentally different. 

The mode of action of pyocyanine . 

Increase in depth of respiring layer of tissue sections. Warburg [1923] has drawn 
attention to the fact that the metabolic exchange is restricted to a more or less 
thick cortical layer, while the central portion remains inactive. The thickness of 
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the layer where molecular oxygen is available can be calculated according to 
Warburg as 

\J ^°Z 

where d = thickness of layer where oxygen is available , 

Gq = oxygen concentration at the limits between section and solution, 

D = diffusion constant of oxygen for tissue substance, 

A — the oxygen consumption of the tissue per unit volume and time. 

If we regard D as the sum of the diffusion constants of all substances which can 
act with respect to the tissue as hydrogen acceptors, then D will be increased on 
addition of pyocyanine by a value equivalent to the diffusion constant of the 
dye solution in the tissue. As pyocyanine, and to a lesser extent methylene blue, 
are extremely lipoid-soluble, they have a tendency to accumulate in the tissues 
to a concentration exceeding the value which would be reached by simple 
diffusion. Thus there results a considerable increase in D with a corresponding 
increase in d according to the formula. So far this would only signify an increase 
in the depth of the tissue layer taking an active part in oxidation metabolism 
but have no bearing on the measurable oxygen consumption. But as this process 
goes on, the reduced form of the dye tends to accumulate in the depth of the 
tissue and a diffusion gradient of the leuco- compound will be established from 
within the tissue towards the surface (and perhaps oxidisable substances produced 
by the dehydrogenation of the tissue). Here the leuco- compound, diffusing out of 
the tissue will immediately be oxidised by the molecular oxygen and thus the 
oxygen consumption actually increased. It follows that in tissue sections which 
exceed the thickness in which molecular oxygen would he available, the addition 
of reducible dyestuffs induces an increase in respiration which is purely mechani- 
cal without involvement of the fundamental chemistry of the cell. 

Table IV. Influence of thickness of section on the respiration of rat kidney . 


Ringer solution 
Glucose 

Final pyocyanine concentration 
Atmosphere 

Absorption of C0 2 by NaOH 
Temperature 

Thickness of section 0-2 mm. 

A 

mm. 3 Q 2 consumed 
in 30 mins. 


2*5/1000 M NaHC0 3 
0*2 % 

11/500 

air 

37*6° 

Thickness of section 3*0 mm. 


mm. 3 0 2 consumed 
in 30 mins. 


Experi- 

t 

Without 

With 


r 

Without 

With 

ment 

pyo- 

pyo- 

Difference 

pyo- 

pyo- 

No. 

cyanine 

cyanine 

0/ 

/o 

cyanine 

cyanine 

1 

46 

44*5 

-3*2 

108 

132 

2 

18 

16*5 

-8*3 

55 

80 


Difference 


This effect is illustrated by Table IV. As has been shown in Table I, the 
respiration of rat kidney cut in sections not thicker than the layer accessible to 
molecular oxygen (0*2 mm. in an atmosphere of oxygen) is not increased on the 
addition of pyocyanine; in sections 3*0 mm. thick pyocyanine enhances the 

respiration as much as 45 %. . 

The catalytic action . As has been shown in the case of bacteria [F riedheim, 
1931] in thin sections of tissue the mechanism of the respiration brought about, 
by pyocyanine may be explained as a true catalysis in that the dye is reduced by 
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the tissue and reoxidised by the molecular oxygen. The significance of the in- 
crease in respiration for the cell may be judged by the influence of pyocyanine on 
the aerobic glycolysis. 

'Table V. Aerobic glycolysis of various tumours , expressed as he. mm . 3 C0 2 
driven out of a bicarbonate solution by lactic acid formed per hour per mg., dry 
weight of tissue. 



Ringer solution 



0*025 M NaHC0 3 



Glucose 




0*2 % 



Atmosphere 



5 % C0 2 in 0 2 



Temperature 



37*5° 



Final pyocyanine concentration 


M/5 00 



Thickness of tissue section 0*2 min. 




Qtl 

( A_ 



Without pyocyanine 

_ _ A 

Experi- 


Without 

With 


i ii 

III 

ment 

Tumour 

pyo- 

pyo- Difference Respira- Anaerobic 


No. 

cyanine 

cyanine 

o/ 

/o 

tion Qo . 2 glycolysis 

Xji 

1 

Cori rat 

20*1 

13*1 

-34*7 

12-5 26*1 

4- 1*1 


sarcoma 






2 

Walker rat 

11*4 

9*0 

-21 

6*36 22*1 

+ 8*4 


carcinoma 256 





3 

Walker rat 

18*5 

7*88 

-87*6 

13*3 68*2 

+ 41*6 


sarcoma S 20 





4 


40*4 

25*9 

-35*8 

17*94 62*5 

+ 32*5 

5 


8*51 

0*0 

-100 



6 

Mouse sarcoma 

13*0 

5*46 

-58 



7 

„ 

15*3 

6*0 

-60*8 



8 

Mouse sarcoma 

S 27 

19-9 

9*76 

-50*9 



9 

Human breast 

5*2 

3*4 

-34*6 




carcinoma 






10 

„ 

6*8 

4*4 

-22*2 



11 

Human spindle- 

5*28 

3*1 

-41*3 




cell sarcoma 






12 

Cori rat 

13*0 

13*0 

0*0 

- 13*9 24*3 

- 3*5 


sarcoma 





13 

Walker rat 
sarcoma 

23*7 

22*2 

0*0 

- 16*25 28*6 

- 4*4 


Table T shows that in a series of tumours the aerobic glycolysis is actually 
decreased on the addition of pyocyanine. The two exceptions in Table VII 
iy P i S ’ ? and l3) happen to be tumours with a negative U value 1 , i.e. tumours in 
which theoretically the respiration would be sufficient to suppress aerobic 
glycolysis. Attention has recently been drawn by several authors to the existence 
o umours which show at the same time high respiration and low glycolysis. As 

W f burg l he r , espi f at . ion in tumours may be not only quantitatively 
ufficient to dominate glycolysis, but as in the case of ethyl earbylamine 

Pa^WM by w coa P lmg .°. f these two Processes the mechanism’ of the 
Pasteur -Meyerhof reaction might be broken. 

U f °^ t he w T biC §ly0olysis minus twioe the ™lue of the respiration. This concept of 

?7 was introduced by Warburg as a measure of the efficiency of respiration since two molecules of 

of fp"! 1 fr" 8 ® * he disa I>P earance of m °lecule lactic acid during the course 

reaction - Where u<h the respiration is “ suffioient ” ^ 
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Also in our positive experiments in which pyocyanine decreases aerobic 
glycolysis without eliminating it entirely it must be remembered that the 
measurements were carried out in Ringer’s solution, which is liable in itself to 
damage the Pasteur-Meyerhof reaction. 

In view of the difficulties in interpretation it might seem that the biological 
significance of the increased respiration brought about experimentally by 
accessory catalysts, especially in its bearing on the question of malignancy, might 
best be brought out not with surviving tissue sections but with living cells in 
animal experiment, or in tissue cultures, as suggested by Barron 1 . For such 
experiments it is important to have a catalyst available which combines the 
properties of minimum toxicity and maximum respiratory catalysis. Pyocyanine 
appears to fulfil these requirements. 

Summary. 

1. Pyocyanine increases the respiration of tissues with aerobic glycolysis 
such as testicular tissue and a series of animal and human tumours. 

2. The increase in respiration is dependent on the presence of glucose. 

3. In this action one must differentiate between an apparent increase in 
respiration, brought about in thick tissue sections through an increase in the 
depth of the respiring layer, and a true catalysis. 

4. While in carbonate-Ringer the respiration of normal rat kidney is not 
increased by pyocyanine, a considerable increase is brought about in phosphate- 
Ringer. In the presence of phosphate the. oxidation mechanism of the cell seems 
to be fundamentally altered. 

5. The toxicity of pyocyanine is compared with that of methylene blue. 
Pyocyanine shows minimum toxicity and enormous action in increasing respira- 
tion. 

We wish here to express our gratitude to Drs Murphy, Landsteiner, Walker 
and Klemperer for furnishing animal and human tumour material. 

1 These experiments are under way. 


REFERENCES. 

Barron (1930). J. Exp . Med. 52, 447. 

Dickens and Simer (1930). Bioehem. J . 24, 1301. 

Dixon and Elliott (1929). Bioehem. J . 23, 812. 
Friedheim (1931). J. Exp. Med. 54, 207. 

Harrop and Barron (1928). J. Exp. Med. 48, 207. 
Miehaelis and Salomon (1930). J. Gen. Physiol. 13, 683. 
Warburg (1923). Bioehem. Z. 142, 317. 

(1931). Bioehem. Z. 231, 793. 


12 2 


XXVI. NATURAL REVERSIBLE OXIDATION- 
REDUCTION SYSTEMS AS ACCESSORY 
CATALYSTS IN RESPIRATION: 

JUGLON AND LAWSON. 

By ERNST A. H. FRIEDHEIM. 

From the Pathological Institute of the University of Geneva . 

(. Received December 23rd > 1933.) 

Law son, the colouring material contained in the leaves of the henna plant 
(Lawsonia inermis), and juglon, the colouring material contained in the husks of 
walnuts, both form leuco-compounds when exposed to the influence of various 
reducing agents. The leuco-compounds at once regenerate the pigment in contact 
with molecular oxygen. Thus they fulfil one of the main conditions which might 
enable them to play a part in cell-respiration by acting as autoxidisable acceptors 
of hydrogen. 

This paper deals with the effect of juglon and lawson on cell-respiration, the 
establishment of the oxidation-reduction potentials of both substances and the 
correlation of the two series of results. 

The comparison between the physicochemical and biological properties of the 
two substances appears all the more attractive in view of the fact that they are 
isomeric compounds, their formulae being 2-hydroxynaphthoquinone [Tommasi, 
1920] for lawson, and 5-hydroxynaphthoquinone for juglon [Berntksen and 
Semper, 1885]. 

A, Juglon . 

Preparation . Juglon was obtained by extraction of the husks of walnuts by 
the method of Bernthsen and Semper and also synthetically by oxidation of 
1 : 5 -d ihy droxvna phthalene with chromic-sulphuric acid mixture and subsequent 
crystallisation from light petroleum. The natural and synthetic products gave 
identical results in the physicochemical and biological experiments described 
below. 

Potentiometric titration. In order to determine the oxidation-reduction 
potentials, 10 ml. of M/1000 solution in various mixtures of buffer substances 
were first reduced by hydrogen in the presence of colloidal palladium and sub- 
sequently titrated against benzoquinone in a current of purified nitrogen at a 
temperature of 20° ± 0* 1°. The potentials were read against two polished platinum 
electrodes, using a saturated half-cell of calomel as standard. The potentials 
adjusted themselves rapidly and remained stable, and the readings for both 
electrodes differed by not more than 0-05 mv. during the middle phase of titra- 
tion. 

The potentials thus determined correspond to the formula of Nernst: 
^o+flog 

The system juglon-hydrojuglon can therefore be regarded as thermodynamically 
reversible (see Table I). 
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Table I. Juglon . 

p H = 5*13 (phosphate) reduced with Pd-H 2 titrated against qiiiiioiie at 20*0° ±0-05° „ 

o/ oxidation 

Potentials calculated according to the formula # = 0*1332 +0*029 log . /0 ‘ 1 — - 

All potentials referred to the standard hydrogen electrode at 20°. 

Potential 


100 - % oxidation ’ 


Quinone 

ml. 

Oxidation 

f 

Found 

__A ^ 

Calculated 

Discrepancy 

0*00 

0*0 

— 

— 

— 

0*35 

15*8 

0*1062 

0*1121 

-0*0059 

0*50 

22*6 

0*1152 

0*1177 

-0*0025 

0*64 

28*8 

0*1206 

0*1218 

-0*001.2 

0*80 

36*1 

0*1254 

0*1260 

-0*0006 

1*02 

45*9 

0*1308 

0*1311 

-0*0003 

1*26 

56*7 

0*1371 

0*1366 

+ 0*0005 

1*58 

71*2 

0*1457 

0*1446 

+ 0*0011 

1*76 

79*3 

0*1520 

0*1501 

+ 0*0019 

2*02 

91*0 

0*1670* 

0*1622 

+ 0*0048 

2*17 

97*6 

0*1866* 

0*1799 

+ 0*0067 

2*22 

100*0 

0*2672* 

— 

— 


* Potentials drifting. 

The determination o/n, the number of electrons which distinguish the reduced from 
the oxidised form. According to the chemical constitution of the substance, n 
must be 2. This statement is corroborated by the oxidation equivalent found by 
titration, as well as by the slope of the titration curve. ^ . 

(a) Hydro juglon uses up equimolecular amounts of foenzoquinone during its 

oxidation. 

Exp. Juglon mol. wfc.: 174. 

Standard solution: 43*557 mg. in 50 ml. ethyl alcohol. 

1 ml. corresponds to 0*5 . 10 J M. 

Benzoquinone mol. wt. : ' 108. 

Titration solution: 44*16 mg. in 100 ml. dist. H 2 0. 

1 ml. corresponds to 4*083 . 10 M. 

2 ml. of the standard solution of juglon reduced with Pd-H, in S ml. of acetate buffer solution 
of i> H =4-62, require 2-44 ml. of titrating solution for oxidation m a current of nitrogen (the 
complete oxidation being indicated by a jump of potential). 

1’0. 10~ 5 M juglon is equivalent to =0996. 10-* M benzoquinone. 

(b) At acid reactions, the titration curves clearly show a 30 mv. slope, 
corresponding to n = 2. When the p H reaches 7 the curves become steeper, 
without reaching however a slope of 60 mv. This irregularity, whchponsto 
wards a formation of semiquinone or meroqumone, will not be further discus.e 
here, considering the instability of juglon in alkaline media. 

The standard potential E 0 (determined m a mixture of equa parts of tire 
oxidised and reduced forms of the substance) is shown inEig 1 ^and Tahe 
function of the p H . According to Clark and Gibbs, the tum^pomt of tke 
EJ Ph curve can be interpreted as representing constants of dissociation (see 

Table V). 

B. Lawson. 

The pure substance was obtained by extraction tom henna le^s by 
the method of Tommasi ; the calcium, salt was crystallised and the fro J ’ , 

quinone recrystallised from ether. Electrometric titration by means of themetho 
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Table II. 

The normal potential of juglon (mixture of equal parts of the oxidised and reduced form) 
at varying p H . Potentials referred to the standard hydrogen electrode at 20°. 


Pn 

Buffer 


Titrated 

against 

1-994 

Citrate 

+ 0-311 

Quinone 

3-263 

99 

+ 0-239 

K 3 FeCy 6 

4-746 

Acetate 

+ 0-154 

Quinone 

5-133 

Phosphate 

+ 0-133 


5-707 

I and II 

99 

+ 0-103 


6*263 


+ 0-071 


6-799 


+ 0-041 


7-316 


+ 0-023 


8-001 

99 

0-000 


8-389 


-0-023 


9*401 

II Phosphate 

-0-071 

„ 

10-785 

and NaOH 

99 

-0-131 

3i 

11-41 


-0-160 

k 2 s 2 o 8 

11-929 

99 

-0-175 

Quinone 

12-10 


-0-185 

k 2 s 2 o 8 


Table III. Lawson. 

p H = 2 , 24 (citrate + HC1) reduced with Pd-H 2 titrated against quinone at 20*0° ±0-05°. 

0/ Ayi rl q An 

Potentials calculated according to the formula i? = 0-2198 + 0-029 log — — T ~ — . 

® 100 - % oxidation 

All potentials referred to the standard hydrogen electrode at 20°. 

Potential 


Quinone 

Oxidation 

f 

A... 

Calculated 


ml. 

0/ 

/o 

Pound 

Discrepancy 

0-00 

0-0 







0-14 

7-2 

0-1828* 

0-1870 

- 0-0042 

0-24 

12-4 

0-1929 

0-1947 

-0*0018 

0-44 

22-9 

0-2036 

0-2040 

-0-0004 

0-66 

33-8 

0-2107 

0-2108 

-0-0001 

0-86 

44*3 

0-2162 

0-2163 

-0-0001 

1-08 

5 5-6 

0-2222 

0-2221 

+ 0-0001 

1-34 

69-0 

0-2295 

0-2293 

+ 0-0002 

1-56 

80-6 

0-2379 

0-2372 

+ 0-0007 

1*73 

89-0 

0-2470 

0-2455 

+ 0-0015 

1-88 

96-8 

0-2692* 

0-2615 



1-91 

98-0 

0-2912* 

0*2682 



1-94 

100-0 

0-3500* — 

* Potentials drifting. 

— 


described in the case of juglon shows that we are dealing again with a true re- 
versible system. All the titration curves show a slope of 30 mv., corresponding 
to n= 2. An. example is recorded in Table III. The dependence of the standard 
potential E 0 is shown in Table IV and Fig. 1, and the values for the dissociation 
constants which can he derived from the former are shown in Table V. 

C. A comparison between the various constants of juglon and lawson . 

The 2-hydroxynaphthoquinone, lawson, is more acid and more negative 5 5 
than juglon. As compared with juglon the acid character of lawson is en- 
hanced, not only in the phenolic hydroxyl of the oxidised form, but also in the 
hydroxyl of the reduced form. In the case of lawson, the first dissociation con- 
stant of the reduced form is so close to the constant of the oxidised form that the 


JUGLON AND LAWSON 


183 


Table IV. 

The normal potential of lawson (mixture of equal parts of the oxidised and reduced form) 
at varying p H . Potentials referred to the standard hydrogen electrode at 20°. 


Pn 

Buffer 

^0 

Titrated 

against 

0-360 

N HC1 + 

4-0*337 

K 3 FeCy 6 

1-322 

iV/10 KC1 

Citrate 

4-0*2757 

Quinone 

1-423 

99 

4-0-270 

2*245 

99 

4-0-220 


2-460 

99 

4-0-2087 


3-248 

99 

4-0*1635 


3-680 

99 

4-0*1298 


3-881 

99 

4-0*1205 


4-280 

99 

Acetate 

4-0*0862 


4*620 

4-0*061 


4-945 

9 5 

4-0-032 

# 

6-194 

Phosphate 

-0*071 

K 5 FeCy 0 

6*641 

I and II 

-0*1105 

Quinone 

7-180 

Js 

-0-154 

7*560 

5? 

-0-186 

K 3 FeCy G 

8-718 

Veronal 

-0-281 

Quinone 

9*180 

99 

-0-318 

k 2 s 2 o 8 

10*075 

II Phosphate 

-0-3648 

Quinone 

10-510 

and NaOH 

s> 

-0*395 

k 2 s 2 o 8 

11-34 

J? 

-0-428 

99 

12-23 

JJ 

-0-461 




Fig. 1. Normal potentials of juglon and lawson at varied . 
Potentials referred to the standard hydrogen electrode at 20°. 


Table V 

Dissociation constant of the oxidised form (of 
the phenolic hydroxyl) 

1st dissociation constant of the reduced form 
2nd dissociation constant of the reduced form 

Temperature: 


Juglon Lawson 

K K 

io~ 8 1*4. io- 4 

2*5. 10“ 7 About 1*4. 10- 4 
2*o. 10- 11 2*4. 10~ 10 
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two cannot be sharply separated. The flattening effect of the pk n combines with 
the steepening effect of pk 0 to give to the F 0 /p H curve a slope of 84 mv. 

Conant and Fieser [1924] have found that the introduction of the hydroxyl 
group into the quinoid nucleus of a-naphthoquinone lowers the oxidation-re- 
duction potential much more markedly than its introduction into the adjoining 
benzene ring. Their results support our findings with regard to the increased 
negativity of lawson as compared with juglon. These authors have determined 
the oxidation-reduction potentials of the two substances exclusively in strong 
alcoholic-hydrochloric acid solution. On account of the difference of the solvents 
the values obtained by them cannot be directly compared with those recorded in 
this paper. 

The relative positions of juglon and lawson in the scale of oxidation-reduction 
indicators can be seen in Table VI. 

Table VI. Potentials of several oxidation-reduction systems in 
semi-reduced condition at = 7 '0. 

(Potentials referred to the normal hydrogen electrode.) 


Haemoglobin- 

methaemoglobin 

+ 0-092 
±0-022 

Conant mid Fieser [1925] 

Pigment of Pent- 
cillium phomiceum 

+ 0-047 

Friedheim [1933, 3] 

Juglon 

+ 0-033 


Pigment of Arion 
rufus 

+ 0-025 

Friedkeim [1933, 1] 

Hallachrome 

+ 0*022 

Friedheim [1933, 2] 

Methylene blue 

+ 0*011 


Pyocyanine 

-0*033 

Friedheim and Michaelis [1931] 

Xndigotetrasul- 

phonate 

Indigodisulphonate 

-0*046 

Clark, cited from Michaelis [1933] 

-0*125 


Lawson 

-0*139 


Echinochrome 

-0*220 

Cannan [1927] 

/3- Anthraq uinon- 

-0*260 



sulphonate 

XX Juglon and lawson as natural oxidation-reduction indicators . 

In the husks of walnuts, juglon is generally found in the reduced form, lawson 
on the other hand exists in henna leaves in the oxidised state. If we consider the 
two pigments as natural intracellular oxidation-reduction indicators, we can infer 
that the oxidation-reduction potential of the plant- cells under consideration is 
more negative than the standard potential of juglon and more positive than the 
standard potential of lawson. 

At p H = 7*0 this statement may be expressed as: 

4- 0-033 >^> -0*139 

juglon cell lawson 

or in terms of r TT 

H 15*1 > r H cell > 9-2 1 . 

1 Haas and Hill [1925] have described a plant pigment, her midin, which has been shown by 
Cannan [1926] to behave like a reversible oxidation-reduction system. Calculated from the data 
given by Cannan, the standard potential would assume at p H 7 a value of E 0 - 0-033 and r H 12*7. 
These figures fall well within the limits given above. It may be noted that the standard potential 
of hermidin coincides exactly with that of pyocyanine, the blue pigment of Bacillus pyocyaneus . 
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These limits, although far apart, are important because they hold good under 
physiological conditions, e.g. in air. They refer to the actual equilibrium between 
processes of oxidation and reduction in the living cell. This equilibrium is the 
result not only of thermodynamic but also of kinetic conditions, i.e. of diffusion 
and reaction velocities. 

We owe our present knowledge of intracellular oxidation-reduction potentials 
up to date to the works of Needham and Needham [1925], Cohen et at. [ 1928 ], 
Wurmser and Rapldn [1931], etc . who have used the method of direct introduc- 
tion of indicators into the living cell. It is important to supplement this method 
by means of direct observation of natural intracellular oxidation-reduction indi- 
cators, as the latter method eliminates possible sources of error such as toxicity 
of the indicator, trauma of injection etc J 

E. The influence of juglon and lawsm on the respiration of 
red corpuscles (rabbits). 

The work of Barron and Harrop [1928], as well as that of Michael is and 
Salomon [1929-30], goes to prove that reversible oxidation-reduction systems are 
capable of increasing the respiration of red corpuscles, if non-toxic, able to 
permeate and possessing a normal potential more positive than that ot indigo- 
disulphonate. Juglon and lawson, which fulfil these conditions, both behave m 
accordance with the above-mentioned rule : under their influence the respira ion 
of the erythrocytes of rabbits is several times increased (see big. 



& i tin . 

At 4 the dye is added from the side-bulb. Final dye concentration 3//1000. 

Tn our experiments iualon increases the respiration 5 times, and lawson 
5-8 times. The effect of both these isomeric ^odiesis of the ^same ’ 

which however is difficult to reproduce exc - y- P . provided glucose 

of the medium (0-9 % NaCl, carbonate- or phosphate-Ringer) provic g 

is present. 

1 The conception of “intracellular” is as undefined < » « - 'SZ 

“te” available at present a more precise 

localisation of juglon and lawson will he attempted later on. 


186 


E. A H. FRIEDHEIM 


E. The mechanism of increase of respiration in red corpuscles 
by reversible oxidation-reduction systems. 

Warburg et al. [1930] and Wendel [1929-30] have discovered the following 
mechanism for the increase of respiration of red corpuscles in the presence of 
methylene blue : 

1 . Methylene blue -f haemoglobin + H 2 0 = methaemoglobin + leuco-methy- 
lene blue. 

2 . Methaemoglobin 4- carbohydrate = haemoglobin + oxidation products of 
carbohydrate. 

3 . Leuco -methylene blue + 1/2 0 2 = methylene blue + H 2 0 „ 

Michaelis and Salomon [1929-30] have further confirmed this theory for a 
number of reversible dyes and have brought it into correlation with the normal 
potentials of these dyes. The potential interval between indigodisulphonate and 
indigotetrasulphonate was defined as the critical level, on the positive side of 
which the increase in respiration runs approximately parallel with the formation 
of methaemoglobin. On the negative side, dyes are known to exist which can 
form methaemoglobin (indigodisulphonate, /3-anthraquinonesulphonate, safra- 
nine) without exercising any influence on the respiration. This latter circumstance 
strengthens the view according to which the formation of methaemoglobin need 
not necessarily represent the crucial process in the increase of respiration by 
quinoid dyes. 

Let us consider the conditions prevailing in the case of our hydroxynaph- 
thoquinones: lawson and juglon both increase the respiration of the red cor- 
puscles to considerable and approximately equal extents. But whereas the 
positive juglon, the normal potential of which is almost identical with that of 
methylene blue, rapidly oxidises haemoglobin to methaemoglobin, lawson, which 
is only a few mv. more negative than indigodisulphonate (at p K 7) forms no 
methaemoglobin under conditions where an increase of respiration takes place. 
This has been ascertained from spectroscopic observation as well as from the 
determination of the oxygen capacity . 


Temperature 
I. 25° 


Table VII. Oxygen capacity of one ml. of a suspension of 
red blood corpuscles (rabbits)*. 


mm, 3 0 2 
01*5 

(а) 61-7 

(б) 62-0 

91-9 

91-6 

25-5 


Control 

40 mins, after addition of ilf/1000 lawson (duplicate 
experiment) 

Spectroscopically: no methaemoglobin 
II. 37° Control 

40 mins, after addition of if/ 1000 lawson 

Spectroscopically: no methaemoglobin 

40 mins, after addition of if/ 1000 juglon 

Typical methaemoglobin bands at 635, shifted towards =28 % 

610 under the influence of NaF u 

* Method of Warburg et al. [1931]. 

Certain quinoid dyestuffs produce methaemoglobin without provoking any 
Increase of respiration, whereas others, such as lawson, Increase respiration 
without producing methaemoglobin. Thus the catalytic action of quinoid dyes on 
the respiration of red corpuscles is not indissolubly linked up with the action of 
the haemoglobin-iron. 
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The limits of potential of the juglon-hydro juglon system overlap widely with 
those of the haemoglobin-methaemoglobin system. It is therefore possible for 
merlon to oxidise haemoglobin. At p H 7-0 juglon, oxidised to approx. 99 % 

/]$ _ _|_ 0-093) , forms a thermodynamical equilibrium with haemoglobin oxidised 
toabout 50 % {%h= +0-092 + 0-022). On the other hand, lawson, oxidised to 
the extent of 99 % (E h = - 0-079) does not come within the range of the potential 
of a haemoglobin-methaemoglobin system reduced to the extent ot -W / 0 
(E ?l = —0-028 + 0-022). The formation of methaemoglobin in the presence ot 
lawson appears therefore rather improbable. . . , , 

With regard to the formation of methaemoglobin by means of qmnoid ayes, 
one should remember that the thermodynamical possibility, as expressed m 
terms of the standard potentials, is no guarantee that the reaction actually takes 

Pla g-Anthraquinonesulphonate oxidises haemoglobin: the more positive lawson 
ought to have at least a similar effect. But “ kinetic factors outweig i ^ 
dynamic factors in all reactions concerning haemoglobin (Michaels). 
after ten hours of exposure of red corpuscles to the action of lawson, ' 

tooSthaemogloL could be obse„,d. NeiO,er would . bd»«d 
of methaemoglobin be of any significance with regard to > the ' 
increase of respiration, as our experiments have shown a , 

appears immediately when lawson has been brought into cont 

corpuscles 1 . 

i I have described a number of natural reversible oxidation-redue^ 

respiratory enzymes.” Stern [1933] questions the .^Sthese systems should 
the cases where methaemoglobin appears during the reaction. hethei 

be called enzymes depends entirely on the accepted definition. erments are catalysts 

Kuhn’s definition in the work on ferments hy concerned; in- 

manufactured by the cell,” bolds good for the c wmica o restriction of the definition 

dudi. g jngl.n -a lawmm. H on. 1— — >» 

to the effect that “ferments are colloidal catalysts, then tnese .y. 

Stem’s discussion appears all the more beside the point. 
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XXVII. A NOTE ON THE PRESENCE OF 
VITAMIN C IN THE CHICK EMBRYO. 


By SURENDRA NATH RAY. 

From the Biochemical and, Nutritional Laboratories, University of Cambridge. 

(Received December 23rd, 1933.) 

It has long been known that fowls and other birds resemble rats [Parsons, 1920] 
and dogs [Harris, 1931] in having little apparent need for vitamin C in their diet. 
Plimmer et al. [1923] concluded that the growth of the chick in the egg, which is 
known to be free from vitamin C, is one of the best indications that vitamin C is 
not needed by the growing bird. This statement has been criticised on the ground 
that the avian embryos may synthesise the vitamin during their development, 
and indeed Garrick knd Hauge [1925] and Hart et al. [1925] demonstrated the 
presence of vitamin C in the livers of chicks which had been fed for a long time on 
vitamin C-free diets. Hauge and Garrick [1926] further showed that though both 
the yolks and the whites of eggs .laid by hens which had been on scorbutic 
ration contained no demonstrable amount of vitamin C, yet the livers of nve- 
weeks-old chicks hatched from these eggs and fed on scorbutic rations contained 
an abundance of this vitamin. This makes it evident that during incubation 
vitamin C is being produced in the growing embryo. 

The earlier studies, which involved the employment of large amounts of 
embryonic tissue for biological assay, prevented the actual detection of vitamin 
0 in the growing embryo. The much simpler micro-chemical method ofBirch et al. 
[1933] makes the demonstration of the vitamin an easy and rapid affair. 

Experimental. 

Brown Leghorn hens’ eggs were used. The eggs after the proper time of in- 
cubation were opened, the embryos removed and dried on ffiter-paptn They 
were rapidly weighed and ground up with a little sand and sufficient _ J / 0 sol - 
tion of trichloroacetic acid to give a final concentration of the latter of about 


Table 1. 


Day of 
incubation 


6 

8 

10 

12 

15 

17 

19 

21 


Weight of the substance 
taken 

g* 

(a) Egg-white 27 

(b) Egg-yolk 20 

(а) 5 whole embryos 0*6 

(б) Egg-white U-6 

Egg-yolk 20 

2 whole embryos u-bii 

1 - I'll 

1 „ 2 * 68 

1 „ 5*05 

Embryo livers 0*50 
0*87 
0*65 
0*82 
1*05 


(c) 


24 hours old chick-liver 


Total amount 
of ascorbic 
acid mg. 

0 

0 

0*0745 

0 

0 

0*143 

0*213 

0*630 

1*260 

0*132 

0*105 

0*178 

0*226 

0*273 


Amount of 
ascorbic acid 
in mg./g. 
wet tissue 

0 

0 

0*124 

0 

0 

0*160 

0*182 

0*235 

0*249 

0*264 

0*283 

0*274 

0*275 

0*260 


Amount of 
ascorbic add 
in mg./g. 
dry tissue 

0 

0 

2*98 

0 

0 

3*04 

2*91 

3*38 

2*81 


5 %. The extract was then made up to a suitable volume and the filtrate titrated 
against a measured volume of a standard solution of 2 : 0-dichlorophenofiiido- 
phenoL Up to the 15th day the whole embryos were used; on the 15th day and 
after, the fivers only were examined. 

The dry weight of the embryo, used to calculate the figures in the last column 
of the table, was obtained from Murray’s [1926] figures for chick embryo. As the 
wet weights were found to be nearly identical with his values of wet weight of the 
embryo, it may be taken that the figures in the last column are reasonably 
accurate. 

Discussion. 

It is evident from Table I that while there is no reducing substance in the 
fresh hens’ eggs, quite large amounts of such substances appear in the embryo 
on incubation. It is also known from previous work [Birch et al. 1933; Harris, 
1933] that only a few substances other than ascorbic acid reduce the dye under 
the conditions of the experiment. As these other substances are not likely to be 
present in the fresh embryo tissue, the amount of reduction can be taken to be a 
fair indication of the amount of vitamin C present. Further, Hart et al. [1925] 
found that 3 g. of liver from a chicken kept on scorbutic ration for 83 days, 
constitute a curative dose for scorbutic guinea-pigs; while 1 g. of such liver is 
definitely not sufficient. If we now take 0-9 mg. of ascorbic acid as the minimum 
curative dose [Harris and Ray, 1933, 1, 2] and take from Table I the average 
amount present in liver to be 0*26 mg., the minimum curative dose for chicken 
liver works out to be 3*4 g. This value is in close agreement with the figures given 
by Hart et al. [1925], 

The appearance of vitamin C with the commencement of growth is also seen 
in the germination of seeds. Moreover, it may be seen from Table I that the 
amount of vitamin C present per g. of the dry embryo tissue is fairly constant. 
These facts naturally suggest that there may be some connection between the 
two phenomena — the appearance of vitamin C and the beginning of growth. 
In order to determine whether excess of vitamin 0 has any influence on the rate 
of growth, some preliminary experiments were performed by injecting about 
2 mg. of ascorbic acid (ten times the amount present in the developing embryo) 
in sterile aqueous solution into the air-space of the eggs before incubation. The 
result was however totally negative. From both the untreated and treated eggs, 
the chickens came out simultaneously after the usual incubation period of 
21 days, nor was there any great difference between the weights of the two 
classes. It does not seem likely therefore that moderate excesses of vitamin C 
have any further direct action on the growth. 

Summary. 

1. The embryo of the chick has been examined for vitamin C. There is no 
vitamin present in the fresh egg, though quite a large amount is present even 
after only 4 days’ incubation. The amount of vitamin C present in embryo chick 
liver agrees very well with the value given by Hart et al. [1925] for livers of 
chickens kept for a long time on a scorbutic ration. 

2. Aqueous solutions of vitamin 0 when injected into the hen’s egg do not 
seem to produce any change in the growth-rate of the embryo. 

My thanks are due to Sir F. G. Hopkins for his kind interest in this work. 
I am indebted also to Dr L. J. Harris and Dr J. Needham for their constant 
advice and encouragement. 
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XXVIII. THE ENZYMIC FORMATION OF 
HYDROGEN SULPHIDE BY CERTAIN 
HETEROTROPHIC BACTERIA. II. 


By HUGH LEWIS AUBREY TARR 1 . 

From the Biochemical Laboratory , Cambridge . 

[Received January 1st , 1934.) 

In a previous communication [Tarr, 1933] the formation of hydrogen sulphide 
from organic sulphur compounds by certain heterotrophic bacteria was attributed 
to the activity of a specific enzyme present in their cells. Evidence was also 
obtained in support of the fact that different mechanisms are responsible for 
the formation of hydrogen sulphide from organic sulphur compounds and from 
thiosulphate by such bacteria. This evidence has been substantiated by the 
results obtained in an experiment described in the present paper. It is possible 
that the formation of hydrogen sulphide from inorganic sulphur compounds is 
also due to different mechanisms. Thus the sulphate bacteria produce hydrogen 
sulphide from sulphate, sulphite and thiosulphate [Stephenson and Stickland, 
1931], and from hyposulphite and sulphur as well [Baars, 1930], while P. vulgaris 
cells only reduce thiosulphate and sulphur to hydrogen sulphide [Tarr, 1933]. 
The experimental work described in this paper has been almost entirely confined 
to the formation of hydrogen sulphide from organic compounds. 

Experimental. 

The technique employed was essentially the same as that previously de- 
scribed [Tarr, 1933]. Unless otherwise stated all experiments were made 
anaerobically in evacuated 75 ml. Thunberg tubes, each tube containing 5 ml. 
of bacterial suspension, 2 ml. of Jf/5 phosphate buffer, p H 7*8, the required 
amount of substrate solution and a final fluid volume of 20 ml. Strictly aseptic 
precautions were only observed in experiments the duration of which was over 
2 hours. 

The homocystine used was kindly given to me by Prof. V. du Vigneaud, 
the dithiodihydracrylic acid (disulphide from /3 - thiolpr opionic acid) by Dr A. 
Schoberl, and the cysteine hydrochloride by Dr N. W. Pirie. Solutions of 
these compounds were prepared in accordance with the general procedure pre- 
viously described [Tarr, 1933]. 

The formation of hydrogen sulphide from cysteine and from thiosulphate 
by P. vulgaris cells. 

It was previously shown [Tarr, 1933] that hydrogen sulphide is formed from 
cysteine by cells of both P. vulgaris and S. marcescens, but from thiosulphate 
only by the former organism, thus indicating that two different systems capable 

1 1851 Exhibition Overseas Scholar and External Research Student, Emmanuel College, 
Cambridge. 
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of forming hydrogen sulphide from these substrates exist. The following experi- 
ment shows that P. vulgaris cells possess both systems. 

Ten Thunberg tubes containing buffer and P. vulgaris cells as usual were 
prepared. One pair of tubes received 5 mg. of Na 2 S 2 0 3 - per tube, a second pair 
6 mg. of Na 2 S 2 0 3 , a third pair 1 mg. of cysteine, and a fourth pair 5 mg. of 
Na 2 S 2 0 3 plus 1 mg. of cysteine. A fifth pair was retained as control. The tubes 
were evacuated as usual and placed in a water-bath at 37° for 3| hours, and the 
amount of hydrogen sulphide formed was then determined. The results of this 
experiment, which are given in Table I, show that the addition of cysteine to 

Table I. The effect of the addition of cysteine on the. production of H ;J S by 
P. vulgaris cells saturated with respect to Na 2 S 20 ;i . 

H 2 S in y after 31 hours 
at 37° 


Experiment 

Duplicates 

Averaj 

5 mg. Na 2 S 2 0 3 

67 

69 

68 

6 mg. Na 2 S 2 0 3 

70 

74 

72 

1 mg, cysteine 

67 

65 

66 

1 mg. cysteine 4- 5 mg. Na 2 S 2 0 3 

126 

126 

126 


23 mg. dry weight of bacteria per exp. Controls formed no H 2 S. 

P. vulgaris cells which are saturated with respect to thiosulphate results in an 
increase in hydrogen sulphide formation almost equivalent (91 %) to the sum 
of the hydrogen sulphide formed from cysteine and thiosulphate alone, ibis 
may be considered practically conclusive proof that H 2 S formation from thio- 
sulphate and from cysteine by P. vulgaris is due to two entirely different 
mechanisms. 

The action of P. vulgaris and S. marcescens cells on 1 -cysteine, dl -cysteine, 
homocystine and the disulphide from f$-thiolpropionic add. 

The technique employed was identical with that previously used in studying 
BUS formation from different compounds [Tarr, 1933], and the results ot the 
experiment are given in Table II. The action on U cysteine was studied m order 
that the results obtained might be strictly comparable with those recorded m 
the previous paper. Although the disulphide from ^-tkiolpropiomc acic is le 
duced to the — SH form by both organisms, as is evidenced by a strong 
nitroprusside reaction, neither of them forms H 2 S fiom it. n it o icv 
homocystine is reduced by both bacteria, with simultaneous formation of H 2 b 
in small amounts. 8. marcescens forms H 2 S from l- cysteine and from dbcysteme 
equally well, but P. vulgaris exhibits greater activity in this respect toward the 
former compound. The facts that most of the sulphur o cys eme can c re 
covered as H 2 S, while none of the sulphur of the correspondmg acid which la k 
an amino-group yields H 2 S, make it appear highly pro ba i e la > - _1 ■ , j 
of an amino-group, and consequently deamination, is necessary to the success ul 
course of ^reaction. Thus homocystine which contains an amnm-group yields 
H 2 S under the experimental conditions in spite of the fact that the bH & r I 
is on the y~ carbon atom. 
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Table II. The anaerobic formation of H 2 S from 1 -cysteine, dl-cysteine, homocystine 
and the disulphide from fi-thiolpropionic acid by washed cells of P. vulgaris 
and S. marcescens. 

H 2 S recovered 



Weight 

Theoretical 

P. vulgari 

Is 

S. marcescens 


used 

amount of 

c 


f A ~~ 

^ 

Compound 

mg. 

H 2 S in mg. 

mg. 

O * 

/Q 

mg. 

O sj 
/O 

l- Cysteine 

0*5 

0*141 

0*120 

79 

0*120 

79 



0*115 


0*112 


Cysteine 

0*5 

0*141 

0*073 

49 

0*115 

80 



0*075 


0*120 


Homocystine 

0*5 

0*126 

0*033 

23 

0*018 

12 



0*038 


0*020 


Bisulphide from 

0*5 

0*162 

0*006 

0 

0*004 

0 

/3-thiolpropionic acid 



0*006 


0*004 


Controls 

0*0 

0*0 

0*006 

0 

0*004 

0 




0*006 


0*004 



* Calculated on the theoretical value after subtracting the control. 

P. vulgaris 28 mg. dry weight of bacteria per exp. 

S. marcescens 54 „ „ 


The extraction from P. vulgaris cells of a cell-free preparation of the 
enzyme forming H 2 S from cysteine. 

The procedure to be described was conducted under as nearly aseptic con- 
ditions as possible in order to avoid the presence of contaminating bacteria in 
the final preparations. The suspensions of P. vulgaris cells were prepared as 
usual, the cells being suspended in distilled water instead of Ringer solution, so 
that a suspension containing about 50 mg. dry weight of bacteria in 10 ml. 
was obtained. Suspensions prepared in this manner were run slowly, and with 
rapid stirring, into 10 volumes of acetone. The resulting fiocculent precipitate 
was permitted to settle and the supernatant liquid carefully syphoned off, and 
a second 10 volumes of acetone were added. The precipitate was then collected 
on a small Buchner funnel, pressed between sterile filter-papers and dried for 
2-3 hours at 28°. The resulting dry brittle mass was used within 2 days of 
preparation. 

The acetone-dried bacteria were ground to a fine powder in a small mortar 
and mixed with Jf/20 phosphate buffer (p H 7*8), 10 ml. being used for each 
100 mg. of bacteria. The resulting .suspension (A) was incubated for 2 hours 
at 37° and then centrifuged for 1 hour at high speed. The faintly opalescent, 
pale yellow supernatant liquid (B) was decanted, and the precipitate (C) was 
resuspended in distilled water and made up to a volume equivalent to that 
of the original suspension. Some of liquid B was filtered through a layer of 
kieselguhr, and some through a Seitz asbestos filter, and the resulting almost 
water-clear solutions labelled (D) and (E) respectively. A portion of the 
kieselguhr filtrate was heated to 80° for 2 minutes (F). The ability of these 
various fractions to form H 2 S from 10 mg. of cysteine was determined, corre- 
sponding controls without cysteine being run in each case. The results, which 
are given in Table 111, show that suspensions of acetone-treated bacteria form 
small amounts of H 2 S, though calculation has shown that such preparations 
possess only 2-3 % of the original activity of the freshly prepared cells. On 
centrifuging suspensions of acetone-bacteria about one-half of the active 
principle remains in the supernatant liquid, while the remaining half is to be 


ENZYMIC FORMATION OF II 2 S 


195 


found in the precipitate. Filtering the supernatant liquid through kieselguhr 
yields a clear, cell-free fluid, which retains the activity of the original liquid in 
full. On the other hand all the activity is lost by filtering the solution through 
a Seitz filter. Heating to 80° for 2 minutes renders kieselguhr filtrates inactive. 


Table III. The formation of H 2 S by extracts of acetone-dried P. vulgaris 


cells . 


H 2 S ill y produced from 10 mg. of 
cysteine in 4 hours at 37° 

45 

20 

23 

19 

0 

0 


Preparation 
(10 ml. per exp.) 

A 
B 
G 
D 
E 
F 

Controls gave no H 2 S. Bacterial examinations showed that all solutions prepared under such 
conditions are sterile or nearly so. 

All attempts to obtain active cell-free enzyme preparations by aiitolysiiig 
P. vulgaris cells for a week at 37° in phosphate buffer of p n 7-8 or by drying 
cells in vacuo and extracting them with phosphate buffer have proved un- 
successful. 

The properties of the enzyme forming H 2 S from cysteine as determined 
by the use of intact P. vulgaris cells. 

The effect of p n on the velocity of H 2 S formation from cysteine was deter- 
mined. Phthalate-NaOH and KH a P0 4 -NaOH buffers (Clark and Lubs), and a 
glycine-NaCl-NaOH buffer (Sorensen) were employed. (Cnpublislied expen- 
meX have shown that P. vulgaris cells do not decompose glycine under 
“S,bie conditions.) ' The nmonnt of ftS formed fern mg ” 
4 hours at 37° was estimated at various values, 2 ml. of the requn - 

solution being employed in each experiment. The H^S tonne m 10 a s»ei ^ 
evsteine under identical conditions was subtracted in each case. 1 he ubuiis o 
SH experiment « shown in Fig. 1. A study of this figure md.o.t.s th.t the 



i. The pa-activity curve of the enzyme forming H a S from cysteine 
Q Phthalate-NaOH buffer. 34 mg. dry weight of bacteria per expenmen . 

® KH a PO, r NaOH buffer. 

Glycine- NaCl-NaOH buffer. 

reaction proceeds with maximum velocity between Pn ™ 

TtSd decline in netMty » ft "^Le^t 
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experimental conditions. Additional experiments have shown that if washed 
P. vulgaris cells are held at 37° for 5 minutes in M/20 glycine-NaCl-NaOH 
buffer of p H 12 and the p H then adjusted to approximately 7*8, about 37 % 
of the original activity of the cells remains. Thus in one experiment untreated 
cells formed 80y of H 2 S from 10 mg. of cysteine in 1 hour at 37°, and cells treated 
as above described formed 30 y of H 2 S under similar conditions. 

In Fig. 2 the effect of temperature on the amount of H 2 S formed from 
1 mg. of cysteine in 4 hours is shown. It is 

evident from this figure that the reaction has a 70 r 

relatively sharp optimum temperature of about 

40°, and that an extremely rapid decline in so- 

activity is exhibited at higher or lower tern- /\ 

peratures. The fact that the enzyme is inactive so - / 0 \ 

at 50° indicates that it is fairly sensitive to heat. j \ I 

The influence of aerobic and anaerobic con- N 40 - / \ 

ditions on the velocity of H 2 S formation from &$ / \ 

10 mg. of cysteine in -J hour at 37° was deter- w 30 - j I 

mined. In one experiment the Thunberg tubes / 1 

were evacuated in the usual manner, in a second 20 - 1 \ 

a rapid stream of nitrogen washed thoroughly j I 

through alkaline pyrogallol solution was bubbled io - / \ 

through the solutions during the course of the / 1 

reaction, and in a third a stream of air was used 0 j-i — ^ jl — -l— — JL - 

in place of nitrogen. In the last two of these “ t f o' r < ° 

experiments the H 2 S formed was absorbed in ; 

zinc acetate solution during the course of the Tig. 2. The effect of temperature on 

reaction. In .11 events after half an hour &S^£5£g3S**“ 

the expcnmentai solution ™ acidified with „ 

xiobU 4 m the usual manner, and the H 2 S present periment. 

aerated into the zinc acetate solution. The results 

of these experiments, recorded in Table IV, indicate that H 2 S is formed much more 
rapidly from cysteine under aerobic than under anaerobic conditions, this result 
being in agreement with the data obtained by Almy and James [1926] for 
P. vulgaris grown in a cystine- containing medium. In addition it is evident 
from Table IV that the velocity of H 2 S formation is greater under the anaerobic 

Table IV. The effect of aerobic and anaerobic conditions on the formation 
of H 2 S from cysteine by P. vulgaris. 


H„S in y after 4 hour 
at 37° “ 


Conditions of experiment 
Aeration with air 

Nitrogen passed through the solutions 


Duplicates 

141 

141 


Average 


Evacuated tubes 


Controls without cysteine gave no H 2 S. 22 mg. of dry weight of bacteria per exp. 

conditions created by passing a stream of nitrogen through the experimental 
liquid than under similar conditions created by a partial vacuum. It is possible 
that this last-named effect is due to the fact that in exper im ents in which 
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nitrogen is employed the reaction product (H 2 S) is more rapidly removed from 
the seat of the reaction than in experiments in vacuo. 

The influence of cyanide on the velocity of H 2 S formation was studied, 
10 mg. of cysteine being employed in eaeli experiment. All experiments were 
carried out at 37°, H 2 S being estimated after \ and 1 hour. 5 ml. of Mjo phos- 
phate buffer of p H 7-8 were used instead of the usual 2 ml. The effect of cyanide 
was investigated by placing a small tube containing 1 ml. of KCN solution of 
appropriate concentration in the fluid in the Thmiberg tube employed and mixing 
the liquids subsequent to evacuation. It is evident from the results given in 
Table V that KCN in the concentrations employed causes only a partial inhibi- 
tion of the reaction. The inhibition due to a given cyanide concentration decreases 
with time, and the reaction is, therefore, reversible. 


Table V. The effect of KCN on the velocity of H 2 $ formation 
from, cysteine by P. vulgaris. 




HoS formed in y 

from 10 mg. cyst 

eine 

Experiment 

J hour 

% inhibition 

I hour 



% inhibition 

Controls (no KCN) 

84 

— 

120 

— 


84 


126 


Jf/1000 KCN 

60 

29 

100 

20 


60 


95 


if/500 KCN 

36 

56 

76 

37 

38 


78 



24 mg. dry weight of bacteria per exp. Controls without cysteine gave no H 2 S. 


A study was also made of the effect of toluene treatment, 5 % ethylurethane 
and phenylurethane (saturated solution) on the velocity of H 2 S formation from 
cysteine. The toluene- treated bacteria were prepared according to the method 
of Quastel and Wooldridge [1928], and all attempts to obtain growth of bacteria 
from such suspensions on caseinogen digest agar were unsuccessful. The results 
of these experiments (Table VI) show that phenylurethane causes no inhibition 

Table VI. The effect of toluene treatment , phenylurethane and ethylurethane 
on the velocity of H a S formation from cysteine by P. vulgaris. 


Experiment 

Controls 

TLjS in y from 10 mg. 
cysteine in 1 hour 
at 37° 

97 

97 

% inhibition 
0 

Toluene-treated cells 

54 

54 

45 

5 % ethylurethane 

36 

38 

02 

Saturated phenylurethane 

95 

100 

0 


34 mg. dry weight of bacteria per exp. Control exps. without cysteine gave no XL8. 

of the reaction, while 5 % ethylurethane inhibits the reaction by about 60 % . 
It is interesting to note that toluene-treated P. vulgaris cells, which are iioii- 
viable” as far as ability to reproduce on culture media is concerned, still retain 
over 50 % of their ability to form H 2 S. 
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StTMMABY. 

1 Hydrogen sulphide formation from cysteine and from thiosulphate by 
washed P. vulgaris cells is due to two different mechanisms. The formation of 
hS from organic sulphur compounds by this bacterium is due to the activity 

of a specific enzyme present in its cells. . 

2. Sterile, cell-free extracts containing small amounts of this enzyme can 
be obtained by extracting acetone-dried P. vulgaris cells with phosphate buftei , 
centrifuging and filtering the resulting supernatant liquid through kieselguhi . 
Such extracts exhibit only 2-3 % of the original activity of the cells from which 

3 TMs enzyme as it exists in intact P. vulgaris and 8. marcescens cells 
apparently requires the presence of an amino-group before it can become active. 
Thus H„S is formed from a-amino-jS-thiolpropionic acid (cysteine) but not from 
jS-thiolpropionic acid, while a-amino-y-thiolbutyric acid (homocysteme) gives 

rise to small amounts of H 2 S. . .. . , K K 

4 The enzyme as it exists in intact P. vulgaris cells is mactive at £> H 5-o, 
is most active at Pn 7-8-9-0, and retains nearly 20 % of its optimum activity 
at Wtt 12. It has ail optimum temperature of 40 , and is inactive at oO . More 
HoS is formed in a given time by the enzyme under aerobic than under anaerobic 
conditions. Non-viable, toluene-treated bacteria retain over 50 % of their 
activity with respect to H 2 S formation. Phenylurethane does not inhibit H 2 b 
formation from cysteine, while 5 % ethylurethane causes some 60 /0 inhibition 
of this reaction. Cyanide only partially inhibits the reaction, and this inhibition 
is reversible. 

I am greatly indebted to Prof. V. du Vigneaud of George Washington 
University for his kindness in giving me the homocystine used in this work, 
to Dr A Schoberl of the Chemisches Inst, der Univ. Wiirzburg for a supply of 
dithiodihydr acrylic acid, and to Dr Pirie of this Department for the dZ-cysteme 
hydrochloride employed. For his constant interest and encouragement I wish 
to thank Sir F. 6. Hopkins. 
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1 . Introduction. 

The theoretical treatment of membrane potentials in very dilute solutions is 
mainly due to Donnan [1911], who considered a system in which a solution 
containing the sodium salt of a colloid such as Congo red is separated from a 
solution of sodium chloride by a membrane permeable by water and crystalloids 
but impermeable by the colloidal particles. After equilibrium has been, reached, 
the concentration of sodium ions is greater in the solution inside the membrane, 
containing the colloid, and there is a potential difference between the colloidal 
solution and the salt solution or clialysate, determined by Nernst’s formula 


' F * [Nap" 


-2-3QZRT 

F 10g [Naf 


E = the potential difference or membrane potential in millivolts. F = 96,494 
coulombs. R = 8*316 volt coulombs. T=the absolute temperature. [Na]' = the 
concentration of sodium ions in the colloidal solution. [Nap' = the concentration 
of sodium ions in the dialysate. 

The sign of the potential is the same as the sign of the colloidal particle, 
negative in the case of Congo red and positive in the solutions of protein, chlorides 
studied by Loeb [1922], who devised a method for the experimental investigation 
of membrane potentials. 

An extension of the theory to more concentrated solutions was made by 
Donnan and Allmand [1914], who derived a formula in which the concentra- 
tions in equation (1) are replaced by effective concentrations or activities. 

Bronsted [1929], Taylor, P. B. [1927] and Guggenheim [1929] have emphasised 
the difficulty of measuring the potentials between two different media and the 
activities of individual ions, but in colloidal solutions the molar fraction of water 
is so nearly equal on both sides of the membrane that the conditions for the 
application of the formula of Donnan and Allmand are more favourable, even if 
absolute accuracy is unattainable on account of liquid junction potentials. 

In view of the number and variety of the practical applications of measure- 
ments of membrane potentials in colloidal systems, even approximate results may 
be of great value, and in certain cases it is possible to compare the results with 
data obtained by methods that are independent of liquid junctions, including 
measurements of osmotic pressure and determinations of the concentrations oi 
ions on both sides of the membrane by chemical methods. 

1 Beit Memorial Besearch Fellow. 
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Determinations of pjj values, membrane potentials, combined, ions and^othei 
properties of proteins "deduced from measurements in which, approximate 
elimination of liquid junction potentials lias been achieved by the use of saturated 
solutions of potassium chloride must be regarded as conventional rather than 

absolute values, _ . . 

The chief application of membrane potentials described in this paper is the 
estimation of the electric charge or valence of the protein ions from the limiting 
value of the ratio of the membrane potential to the protein concentration. A 
preliminary note on the method has been included in a previous paper [Adair 
and Robinson, 1930, 2]. 

2 . Liquid junction 'potentials . 

Sorensen and Linderstrom-Lang [1924] have found that in most of the 
solutions that are of biological interest the elimination of the liquid junction 
potentials by the use of saturated potassium chloride gives the same result as the 
Rjerrum extrapolation. Bjerrum and Unmack [1929] have made an extensive 
series of calculations of the liquid junction potentials with 3*o N potassium 
chloride by the application of Henderson’s formula. If the concentration of 
ions like sodium, with mobilities different from the potassium and chloride ions, 
be less than 0-2 M , the potentials rarely exceed 1 millivolt, and even if hydrogen 
and hydroxyl ions be present in concentrations up to 0-03 M the potentials are 
usually within 1*2 millivolts. The choice of solvents within this range is of 
importance from the experimental point of view in reducing variations in the 
potentials due to differences in the methods of forming the liquid junctions, so 
that reproducible results can be obtained by methods specially adapted for 
measurements on small volumes of solutions. In order to obtain reproducible 
results with markedly acid or alkaline solutions, it may be necessary to use 
flowing junctions [Lamb and Larson, 1920] or static junctions in wide tubes 
[Ferguson et ah , 1932]. 

In previous investigations on membrane potentials, liquid junctions in 
capillary tips have been used by Loeb [1922] and by Taylor [1924], in order to 
minimise the contamination of the solution with potassium chloride. Most 
investigators have used wider tubes, which give more reproducible liquid 
junctions. Hondo [1924] formed the junction at the end of a wide tube, Rjerrum 
made liquid junctions in glass taps, Northrop and Kunitz [1926] formed stirred 
junctions in wide tubes. 

Different types of liquid junctions have been discussed by Guggenheim [1930]. 
He criticises the practice of stirring junctions, on the ground that it forms two 
junctions of indefinite type between the first solution and the mixture and the 
second solution. He advises the use of sharp junctions formed inside tubes and 
not at their tips. Maclagan [1929] compared junctions formed with tubes of 
different diameters and concluded that junctions formed inside tubes are more 
reproducible. 

Stadie and Hawes [1928] showed that the liquid junction formed in the 
Clark hydrogen electrode gives reproducible results in measurements of the p H 
values of mixtures containing haemoglobin and sodium salts. This method has 
been employed in this work in the determinations of membrane potentials from 

values. 

3. The experimental determination of membrane potentials . 

In the method for the measurement of membrane potentials devised by 
Loeb [1922], a solution of the protein contained in a 50 ml. collodion membrane, 
with a manometer attached, was placed in a vessel of “outer fluid” or dialysate, 
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and the system was left for 20 hours to reach equilibrium. The membrane 
potential was detei mined by dipping saturated calomel-KCl electrodes into the 
dialysate and the protein solution, which was forced up into a funnel by pressure 
on the flexible collodion membrane. In most of Loeb’s experiments the results 
obtained were verified within two millivolts by their ageement with values 
calculated by the application of Donnan’s formulae to measurements of the 
activities of hydrogen ions on both sides of the membrane. 

In the modifications of the methods devised by Bjerrum [1924] for chromium 
chloride, by Kendo [1924] for caseinogen chloride and by Henriques [1928; 
1929] for laked blood corpuscles, the liquids were enclosed, and long glass tubes 
connected the inner and outer fluids with calomel electrodes. These designs 
facilitate the measurement of potentials at short intervals of time; moreover, the 
pressures may be adjusted at the values corresponding to osmotic equilibrium. 
According to Rinde [1926], measurements of potentials must be made at the 
equilibrium pressure, whereas Northrop and Kunitz [1926] consider that it is 
unnecessary to maintain the equilibrium pressure during the measurement. As 
will be stated below, our experience agrees with that of Northrop and Kunitz. 

The method for the determination of membrane potentials to be described 
in this paper was developed for work on purified protein solutions, in order to 
obtain consistent results under conditions where the potentials may lie small and 
the volumes of solution available for each determination may be restricted to 
5 or even 1-5 ml. The types of apparatus used in this work are not adapted for 
making continuous records of the potentials, but they have the advantage that 
dead spaces, which may contain protein not in equilibrium with its dialysate, 
are practically eliminated, and the distances for diffusion are comparatively 
short (Fig. 1). 


S’ .1/ 








Fig. L Apparatus for measurement of membrane potential of small volumes of protein solutions 
with saturated calomel-KCl electrodes. 

Collodion membrane containing protein shown by dotted lines. B is rubber connecting tube. 
Electrode tip, A to B 90 mm. tube of 5 mm. internal diameter; B to E, 55 mm. tube of 2 mm. 
internal diameter; E to C, 15 mm. Liquid junction at Z>, 7 mm. below orifice at C. M m 
mercury manometer bore 1*5 mm., attached to osmometer used for equilibration. B is for 
attachment of soda lime tube. 
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The establishment of equilibrium between the protein solution and the 
dialysate is the first consideration in studies of membrane potential. At ordinary 
temperatures, rapid equilibration may be necessary to prevent errors due to 
changes in the protein and to bacterial action. In the present research, the work 
throughout was carried out at 0°, and since bacterial action is inhibited and the 
stability of the proteins is greater at low temperatures, it has been possible to 
make more rigorous tests of equilibrium. Instead of leaving given volumes of 
protein solution and dialysate to reach equilibrium, as described by Loeb, the 
protein solutions were equilibrated by dialysis against relatively large volumes 
of solutions of well defined hydrogen ion concentration, in order to control the 
activities of the electrolytes in the protein solutions and to facilitate the 
thermodynamical treatment of the systems [Adair, 1929, 1,2]. The standard 
buffer solutions remove traces of inorganic impurities which are not readily 
eliminated by a preliminary dialysis against distilled water ; the rate of removal 
of traces of an acid or base combined with the protein is very greatly increased 
if the dialysate be a solution of electrolytes rather than pure water. 

Method 1. In the majority of the experiments to be described in this paper, 
the process of equilibration has been followed by observation of the osmotic 
pressure. 

The collodion membranes used were prepared from a solution containing 
4 g. of dry pyroxylin (R.B.JEL) dissolved in a mixture of 50 ml. of absolute 
alcohol and 50 ml. of anhydrous ether, or by diluting one volume of “Need” 
with one volume of alcohol and one volume of ether. The membranes were made 
by pouring three coats of collodion over the outside of a glass mould [Adair, 1925 ; 
Cole, 1933] ; they were therefore less permeable but more rigid and probably more 
uniform than those used by Loeb, which were made on the inside of a tube with 
one coat of collodion. The permeability may he altered by varying the time 
allowed for drying the collodion. The membranes were mounted on rubber 
tubes or stoppers, and the permeability was tested by measuring the rate of flow 
of water through the membrane at room temperature under a pressure of 
450 mm. Hg. For a cylindrical membrane of 10 cm. length and 1-5 cm. diameter, 
the rate of flow should range from 0*05 to 0*2 ml. of water per minute. Mem- 
branes of higher permeability may allow an appreciable leakage of a protein such 
as haemoglobin, whereas those which are less permeable entail an unduly pro- 
longed period of equilibration. 

The collodion membranes were attached to mercury manometers of the 
type illustrated in Fig. 1 for concentrated solutions, and of the type described 
by Adair [1925] for more dilute solutions. The dialy sates were changed at 
intervals of one or two days until further changes caused no further alterations 
in the manometer readings. If the volume of the dialysate be about ten times as 
great as the volume of the protein solution, a close approximation to equilibrium 
is reached after three or four changes, in the case of well buffered solutions. 

If the buffer solutions used are more dilute than 0-3 M, it is advisable to 
dialyse the protein solutions for two or three days against smaller volumes of 
buffer, changed at short intervals, before the membranes are attached to mano- 
meters, and if there be a large difference between the initial hydrogen ion 
concentration of the protein solution and the equilibrium value, it may be 
advisable to adjust the of the protein solution or to add a slight excess of 
acid or base to the dialysate in the early stages of dialysis. 

The apparatus and procedure may require modification for work on very 
dilute solutions (0*001 M), or for solutions in which the values are altered by 
a short exposure to air. 
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The determinations of membrane potential were m,ade after equilibrium had 
been reached and maintained for a few days. Closed saturated ealomel-KCJ 
electrodes with upcurved tips were used, of the design shown in Fig. L The 
electrodes were kept throughout at 0° and were connected by leads to a potentio- 
meter in the laboratory outside. A mirror galvanometer of 450 ohms resistance 
was used, giving a deflection of about 40 mm. per millivolt, with electrodes 
dipped into solutions of high conductivity. A multiple range potentiometer was 
used for some experiments, but as a general rule the measurements were made 
with a simpler instrument, graduated in 0*2 millivolt. 

The difference between the two calomel cells was first determined with both 
electrode tips placed in a tube of saturated KOI; the electrode tips were then 
washed with distilled water and dried with filter-paper, and the blank deter- 
mination was repeated. The two measurements should not differ by more than 
0-01 millivolt, but variations of 0-03 millivolt have been observed if the calomel 
cells have been shaken during the manipulations. If the blank determinations 
agreed, the electrodes were again washed with distilled water, and a few drops of 
KOI were run out to displace water which might have entered the tips. A small 
quantity of KOI was then forced out by pressure on the rubber tube connecting 
the electrode tip and the calomel cell, so that the level of KOI was about 7 mm. 
below the orifice; the electrodes were then dried with filter-paper. After both 
electrodes had been prepared, an osmometer was dismantled and the protein 
solution filling the dead space, i.e. that which had not been in contact with the 
membrane, was rejected. The bulk of the protein was removed for analysis, a 
depth of solution of 2 to 3 cm. being left in the membrane. The rubber mount 
was then cut off, and the membrane was placed in a small beaker containing 
dialysate. In cases where a positive charge on the protein was anticipated, the 
more positive of the two calomel cells was selected, and the orifice of the electrode 
tip, from which KOI had been removed, was filled with the protein solution ; the 
other electrode was filled with dialysate. Both electrodes were then washed with 
dialysate and dried with filter-paper. The more positive electrode was then 
immersed in the protein solution remaining in the membrane and the other 
electrode in the dialysate. 

In order to avoid the formation of air bubbles in filling the electrode tips, the 
rubber connecting tube was pressed until KC1 rose to the level of the orifice. The 
protein solution could then be drawn into the tip from a capillary pipette by 
releasing the pressure on the rubber tube. 

The first reading of the potential could generally be obtained between three 
and four minutes after the formation of the liquid junctions. The reproducibility 
of the junctions formed by this method and the variation of the reading with time 
are discussed in the following section. 

Method 2. In this method, the protein solutions were contained in collodion 
membranes mounted on celluloid tubes of 1*5 cm. length. During equilibration, 
the membranes were closed with rubber stoppers and were inverted at intervals. 
The attainment of equilibrium was determined by measuring the potential 
difference between protein solution and dialysate on successive days and 
renewing the dialysate each day until further changing caused no alteration in 
the potential. Stoppered pyrex beakers were used for equilibration. 

The osmotic method is more convenient for series of more than twelve 
membranes, as the manometer readings can be made more rapidly than a single 
estimation of membrane potential. The second method is useful for the measure- 
ment of small potentials, as a number of determinations can be obtained front 
each membrane, and the effects of certain sources of error, including changes in 
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the e.m.it. of the calomel cells and variations in the liquid junction potentials, 
can be minimised by taking the average of a number of observations after 
equilibrium lias been reached. Observations on the rate of equilibration of 
haemoglobin solutions with 0*02 M phosphate buffers, obtained by this method, 
are given in Table I. 

Table I. Rate of equilibration of 22 °/ 0 solutions of sheep carbon monoxide haemo- 
globin with 0-01 M NH 4 H 2 P0 4 +0'01 M (NH.f) 2 HP0 4 at 0°, shown by measure- 
ments of membrane potential on successive days. 

Permeabilities in ml, water per minute at a pressure of 450 mm. of mercury for membranes 
4-5 cm. long and 1*4 cm. diameter. Times in days. Potentials in millivolts. 


Membrane 

permeability 

0*086 

0*066 

0*102 

0*028 

0*083* 

0*047* 


1 

- 1*35 
- 1*20 
- 1*15 
-1*30 
+ 0*00 
+ 0*60 


4 

0 

8 

12 

21 

55 days 

-0*77 

-0*66 

-0*62 

-0*54 

-0*55 

— 

-0*72 

-0*64 

-0*66 

-0*46 

-0*55 

— 

-0*77 

-0*62 

-0*55 

-0*51 

- 0*55 

-0*59 

-0*77 

-0*61 

-0*50 

-0*51 

-0*50 

-0*48 

- 0*35 

-0*31 

-0*32 

-0*40 

-0*29 

-0*35 

-0*30 

-0*32 

-0*27 

-0*33 

-0*27 

-0*29 


* Some methaemoglobin present. 


4. Preparation of protein solutions and methods of analysis. 

The proteins investigated included the haemoglobins of the sheep and the ox, 
horse-serum-albumin, total serum-protein, denatured edestin, acid haematin 
and kathaemoglobin. Some experiments were also carried out on Congo red. 

The haemoglobin solutions were prepared by a slight modification of the 
method given by Adair [1928] which will be described in detail in a later com- 
munication. Horse-serum-albumim was recrystallised three times by the method 
of Adair and Robinson [1930, 1]. The total* serum-protein was prepared by the 
dialysis of untreated serum with phosphate buffer of 7*4. Denatured edestin 
was made by prolonged dialysis of crystalline edestin, prepared from hempseed, 
against 0*01 M HC1. Acid haematin was obtained by dialysis of haemoglobin 
against an acetate buffer of p K 3*04. A soluble form of kathaemoglobin was 
prepared by mixing equal volumes of 0*9 M NaOH and a 22 % solution of 
haemoglobin (mainly in the form of methaemoglobin) which had been recrystal- 
lised by means of ammonium sulphate. After standing at room temperature for a 
few days, to ensure complete dematuration, the excess of alkali was removed by 
dialysis, and the alkaline haematin was converted into kathaemoglobin. In some 
experiments, carbon dioxide was passed through the solution before dialysis. 

The Congo red was subjected to a preliminary dialysis against distilled water, 
in order to remove chlorides, before equilibration with sodium bicarbonate. 
The concentration of the solution obtained was estimated from dry weight 
determinations. 

In all experiments on protein solutions, the concentrations were determined 
after equilibration by Kjeldahl nitrogen determinations or by the refractometric 
method, using factors based on nitrogen determinations [Adair and Robinson, 
1930, 1]. 

The hydrogen ion concentration values of the dialysates at 0° were measured 
with the Clark hydrogen electrode and a saturated calomel-KOl electrode, 
standardised by measurements of a mixture of 0*01 M HC1 in 0*09 M KOI. The 
conventional value = 2*04 was assigned to this solution. In certain experiments 
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tlie p K value of the protein solution was measured by the hydrogen electrode, 
but in most experiments it was calculated from the membrane potential and 
the value of the dialysate. 

The following methods were used for analysis of the dialysates: ammonia, 
was estimated by nesslerisation or by the micro-Kjeldahl; phosphates by the 
method of Bell and Doisy [1920], carbon dioxide according to Van Slyke and 
Neill [1924], and chlorides by the method of Van Slyke [1923]. The technique 
for the estimation of sodium will he described in a subsequent communication. 

In the analysis of the protein solutions, protein-free filtrates were obtained 
by heat- coagulation of diluted solutions at the isoelectric point in the presence 
of sodium sulphate. 

In experiments with concentrated buffer solutions (0*05 M) complete analyses 
of the dialysate are not required in all cases, if the refractive indices of the stock 
buffer and the final dialysate be identical and no difference between their p u 
values can be detected by colorimetric methods. 

5. Sources of error in measurements of membrane potentials. 

The sources of error in measurements of the membrane potentials of protein 
solutions may include impurities, alterations in the proteins during the process 
of preparation, deviations from a state of equilibrium between protein solution 
and dialysate due to the action of bacteria, imperfections in the membranes, 
changes in the dialysate and breakdown of the protein. During electrometric 
measurements there are additional sources of error, including alterations in the 
potentials of the calomel electrodes, contamination of the solutions with 
potassium chloride, imperfections in the method of forming the liquid junctions 
and, if the protein solution be not enclosed and maintained at the osmotic 
equilibrium pressure, there may be errors due to absorption of carbon dioxide, 
evaporation of water, the dilution of the protein solution and electrokinetic 
potentials and diffusion potentials which may be correlated with the flow of 
water across the membrane. 

The method described in this work is restricted to solutions that are not 
greatly affected by carbon dioxide ; during the measurements of the potentials, 
the solutions are exposed to the air. Experiments with buffered solutions in- 
cluding haemoglobin in equilibrium with 0*01 M phosphates, in which the 
solutions were left exposed to the air for several hours, indicated that the 
amount of carbon dioxide absorbed in the course of an hour was not sufficient 
to cause appreciable error. In the case of very dilute alkaline solutions, the risk 
of error due to carbon dioxide is much more serious, and it may be necessary to 
use an enclosed apparatus of the type figured by Bjerrum [1924], 

In the apparatus shown in Fig. 1, the protein solutions are kept under the 
osmotic equilibrium pressure during dialysis, but the measurements of the 
potential are made with the protein solution at atmospheric pressure. Under 
these conditions, the dialysate flows across the membrane into the protein 
solution. The rate of dilution is not rapid with, the type of membrane used in 
this work, and even if the dismantled membranes are left overnight, the final 
concentrations usually exceed two- thirds of the initial value. Since the first 
reading of the membrane potential is made a few minutes after the osmotic 
pressure is released, the degree of dilution is not appreciable. As a general rule, 
repetitions of the measurements made within the first hour agreed with the initial 
value, if the solutions were not contaminated with potassium chloride during the 
first series of readings. Agreement between the readings made after a time 
interval shows that the errors due to the fall in protein concentration and to 
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evaporation of water and absorption of carbon dioxide are not important, but it 
does not exclude errors due to diffusion potentials which may be associated with 
the movement of ions of different mobilities across the membrane and electro- 
kinetic potentials due to the flow of fluid across a charged membiane. In neutral 
solutions collodion membranes are negatively charged, but the charge may be 
altered by adsorption of protein during equilibration. ... , 

Attempts were made to measure these effects in a system containing haemo- 
globin in equilibrium with 0-01 M phosphate buffer, using an apparatus of the 
enclosed type similar to that figured by Henriques [1928], It was found that the 
potentials remained constant within 04 millivolt with arbitrary variations of 

pressure from 6-2 to 140 mm. of mercury. 

Since the electrokinetic effects must depend upon the specific properties of 
the membrane, comparative experiments were set up with collodion, parchment 
and cellophane membranes. Discs of parchment or cellophane of about 9 cm. 
diameter were folded over one end of a glass tube 4 cm. long and 1-5 cm. diameter 
and held in position by rubber rings. The tubes prepared in this way were kept 
in buffer solution for one or two days; they were then filled, to a depth of 
about 2-2 cm., with haemoglobin solution which had been subjected to a pre- 
liminary dialysis against the same buffer solution. The tubes were placed in 
small beakers containing glass rods which prevented the parchment or cellophane 
membranes from touching the bottom of the beakers. The potentials were 
measured shortly after the tubes were filled with protein solution. 

Table II. Comparison of collodion, cellophane and parchment membranes. 

Exp. 618. Sheep carbon monoxide haemoglobin, 20-28 %. Osmotic pressure 93-6 mm. 
dialysate 0-01 M NH 4 H 2 P0 J +0-01 M (NH 4 ) 2 HPO.,. 7-046 at 0°. 

Exp. A 7. Horse-serum-albumin, 15-72%. Osmotic pressure 38-2 mm. dialysate 0-02 M 
CHjCOONa + O-Ol M CH 3 C00H. p H 4-99 at 0°. 

Time in minutes. Potentials in millivolts. 

618 

Collodion 


Time 

0 

2 

5*5 

9 

15 

21 

31 


E.M.F. 

-1-81 

-1*84 

-1*89 

- 2*01 

-2*06 

-2*16 

-2*26 



618 

618 


A 7 


A 7 

Parchment 

Cellophane 

Collodion 

Parchment 

A 

Time 

E.M.F. 

Time e.m.f. 

Time 

> 

E.M.F. 

Time 

E.M.F. 

0 

-1*86 

0 -1*78 

0 

-4*49 

0 

-4*25 

1 

-1*91 

1 - 1*82 

1 

-4*59 

2 

-4*45 

3 

-1*96 

6 -1*91 

5 

-4*64 

S 

-4*70 

9 

-2*04 


10 

-4*84 

15 

-4*95 

11 

-2*06 


15 

-5*14 

27 

-5*30 

20 

36 

-2*10 

-2*06 


18 

-5*34 

38 

-5*35 


The results recorded in Table II show that there is a close agreement between 
the potentials given by different membranes, if comparisons are made at the 
same interval of time after the formation of the liquid junctions; no evidence is 
shown for the existence of errors due to specific properties of the membrane. The 
effects of time on the liquid junction potentials are discussed below. 

Information as to the possibility of errors caused by electrokinetic potentials, 
diffusion potentials and imperfect equilibration may furthermore be obtained 
by a comparison of the observed membrane potentials with values calculated 
from electrometric measurements of hydrogen ion activity by a slightly modified 
form of the equation of Domian and Allmand [1914], 

£ = 54-16 (^) ( P l-l inner P H outer) ( 2 )- 

t — temperature in ° C. 
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This formula has been verified by a number of investigators, including Loeb 
[1922] and Bjerrnm [1924]. 

The investigations of Hastings et al. [1924] and of Stadie and Hawes [1928] 
indicated that fairly good results might be obtainable with the hydrogen electrode 
in solutions of carbon monoxide haemoglobin practically free from methaemo- 
globin. More concentrated solutions, containing 20 to 22 % of protein, used in 
this work, are very viscous, and the conditions are not Ideal for the establishment 
of equilibrium with hydrogen electrodes at 0°, particularly in the case of 
haemoglobin. Though consistent results were obtained with most preparations, 
examples of which are given in Table III, in a long series of experiments the 

Table III. Direct and indirect measurements of membrane potentials of sheep 
carbon monoxide haemoglobin 20-22 °j 0 solutions . 


Bialysates 0*01 M ammonium phosphate buffers. E = membrane potential in millivolts. 





Protein, solu- 




Exp. 

Dialysate 

Protein solu 

tion p n 



Difference 

no. - 

Pk 

tion Pn 

(calculated) 

Direct E 

Indirect E 

451 

6-295 

6*431 

6-441 

+ 7*93 

+ 7-3 

-0-6 

452 

6*939 

6-942 

6-95S 

+ 1*03 

-0-2 

- 1-2 

454 

7-096 

7-054 

7-089 

-0-38 

~ 2-2 

-1*8 

461 

7*680 

7-592 

7-596 

— 4*o i 

- 4*77 

-0-2 

467 

6-670 

6-706 

6-729 

-r 3-17 

+ 2*06 

-1-2 

469 

6-941 

6-937 

6-953 

+ 0-62 

-0-3 

-0*9 

475 

7*398 

7-321 

7-341 

-3-07 

-4-15 

- 1-1 

477 

8-229 

8-087 

8-059 

- 9-20 

-7-7 

+ 1*5 


hydrogen electrode potentials drifted. In view of the difficulties experienced 
with haemoglobin, a comparison of membrane potentials, measured by direct 
and indirect methods, was made on solutions of serum- albumin (Table IV). In 


Table IV. Direct and indirect measurements of membrane potentials of 
horse-serum-albumin at 0 ° . 

Exps. A 15, 14, 16, 9, dialysate 0-005 M NH 4 H 2 P0 4 + 0-0051/ (NH 4 ) 2 HP0 4 . 

Exps. All, 10, dialysate 0-01 ill NH^HoPO* + 0-01 if (NH 4 ) 2 HP0 4 . 

Exps. A 7, 6, dialysate 0-0 231 CH 3 COONa +0-0U1 CH 3 GOOH. 

Exps. A 5, 4, dialysate 0-02 M CH 3 C00Na + 0-02511 CH 3 COOH. 

Osmotic pressures in mm. mercury. E 1 and E 29 initial and final readings of membrane potential 
in millivolts.' E z and potentials calculated from initial and final hydrogen electrode readings. 


Exp. 

Protein 



Protein 

Direct 

Indirect 

g. per 

Usmotic uiaiysate somuon 

r ' 1 

e 2 

E, 


no. 

100 ml. 

pressure 

P H 

P H 

■®l 

At 

A 15 

1-95 

7-1 

7-056 

7*005 

- 2-75 

- 2-75 

- 2-75 

- 2*56 

A 14 

3-36 

13-8 

7-055 

6*963 

- 4-47 

- 4-54 

- 5*05 

- 5*05 

A 16 

5-38 

27-3 

7-054 

6*911 

- 6*92 

- 7-12 

- 7*80 

— 7*55 

A 9 

15-92 

171-2 

7-041 

6*640 

- 19-0 

-20*3 

- 21*6 

— JAj'Z 

A 11 

15-15 

133-6 

6-987 

6*742 

-11-78 

- 12*58 

- 12-26 

- 11-16 

A 10 

19-09 

211-7 

7*001 

6-709 

- 14*59 

- 15-59 

- 15-8 

-■ 15*8 

- 4-8 

- 5-9 
+ 1-0 
+ 1*7 

A 7 

15-45 

38-2 

56-4 

4-985 

4-900 

- 4-5 

- 5-6 

- 4-9 

A 6 

20*06 

4-979 

4*867 

- 5-38 

- 6-68 

- 6*1, 

A 5 

15*87 

64-6 

4-588 

4*607 

+ 1-2 

+ 0*2 

+ 1*1 

A 4 

19-99 

91-2 

4-582 

4-603 

+ 1-47 

+ 0-33 

+ 1*1 


dilute solutions of serum-albumin, there is a satisfactory agreement between the 
potentials determined by both methods. In solutions containing more than 
15 % of the protein the experimental difficulties were greater on account ot the 
effects at the liquid junctions, discussed below. The average discrepancy between 
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the initial readings of observed and calculated potentials was 0-6 millivolt, 
which corresp ondsto 0-01 p H unit. The maximum discrepancy was 1-4 millivolts. 

Traces of carbon dioxide, absorbed during dialysis, may cause small errois 
in Sect determinations of membrane potentials by means of hydrogen 
eLctrode measurements, because varying amounts of carbon dioxide may be 
removed bv bubbling hydrogen through the liquids. The p H changes due to loss 
of carbon dioxide are not identical in the protein solution and m the dialysate on 
account of the buffer action of the proteins. The agreement between the direct 
andTdirect determinations, shown in Tables III and IV, is evidence agamst the 

existence of serious errors due to carbon dioxide. . . 1 

The magnitude of the experimental errors due to liquid 3 unction potentials 
depends upon the composition of the solutions under examination. The repro- 
ducibility of the liquid junctions formed in the electrodes illustrated m lg. 
was teied by measuring the potential difference between two electrodes dipping 

To telaSe solntiom In L case of dilute ^Vttffei fth^ wet 
agreed, but in concentrated (M) ammonium phosphate buffers there were 
variations of 0-5 millivolt. If the initial measurements were reproducible, the 
SS 0°f the potentials could be investigated by renewing the Mu^on 
in one of the electrodes at known intervals of time. In 0-01 M ammonium 
•phosphate buffers, where it is possible to obtain initial values agreeing withm 
O OS miSvolt, the potential of the electrode left undistmbed m the | solution 
remained constant within 0-03 millivolt for 30 mmutes. In dilute solutions of 
proteins equilibrated with 0-01 to 0-05 M buffer solutions, the mitial readings 
were reproducible but the variations with time might exceed 0-1 millivolt. 

In solutions containing 20 % of haemoglobin, the results were reproducible 
if both junctions were formed within 30 seconds, but a freshly-formed, jui c 
was more positive than one left standing for a few mmutes The ^®ren c es 
ranged from 0-2 to 0-5 millivolt, in eases where the first junction had been left 
standing for 15 mmutes. In concentrated solutions of serum-albumm the 
readings agreed, but the difference between a freshly formed and an oldei 

junction ranged from TO to 1*3 millivolts. , 

Comparisons made between electrodes with wide and narrow tips showed little 
difference in the case of buffers and of haemoglobin solutions, but there were 
differences ranging from 0-2 to 0-6 millivolt in the case of serum- aibumm. 

It is possible that these variations with time are correlated with an alteration 
at the boundary between solution and saturated potassium chloride, which Jias 
been observed 'not only with this type of electrode but with liquid junctions 
formed by means of taps. At first the boundary is sharp, but within a tew 
minutes it becomes irregular. The disturbance is probably due to convection 
currents, because the mixture formed by the diffusion of potassium chloride into 
the protein solution may be denser than the pure potassium chloride solution 

bd In a measurement of the membrane potential, the observed potential E can 
be regarded as the sum of E (KCl.Pr), the liquid junction potential at the 
boundary between saturated potassium chloride and protein solution, E m , tne 
potential at the membrane and E (D.KC1), the potential at the junction of the 
dialysate and the potassium chloride solution of the second electrode, lh 
observations recorded in Table II show that the final values of E are more 
negative than the initial values, and the direction and magnitude °f the changes 
are in accordance with those observed in studies of the liquid j unntion i/ (&. ^ r h 

a result which might he expected if the potentials E m and E (D.KC1) remained 
constant. 
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Observations of the potentials at different times after the formation of the 
liquid junctions are furthermore of value in detecting errors due to contamina- 
tion of the solutions with potassium chloride, which may cause drifts in the 
potentials which are larger and more rapid than those due to liquid junction 
potentials. Rapid drifts may also be caused by local differences in the con- 
centration of ions due to imperfect equilibration. It is advisable to reject experi- 
ments which show drifts in the potential which camiot be accounted for by liquid 
junction potentials. With dilute solutions of proteins, the potentials should 
remain constant within 0-1 millivolt. 

In many problems, the accuracy of the ratio E/O , where C is the protein 
concentration, is more important than the accuracy of the potential E, and 
therefore an error of 0*5 millivolt on a 25 % solution is comparable with an error 
of 0*02 millivolt on a 1 % solution. 

With the exception of the experiments in Tables II and IV, which exemplify 
the maximum variations with time, the potential values recorded graphically 
and in the Tables are those obtained between 3 and 4 minutes after the formation 
of the liquid junction in the protein solution. The practice of recording initial 
readings in measurements on inorganic solutions was adopted by Lewis et al. 
[1917] and by Clark [1928]. According to Maclagan [1929] and Guggenheim 
[1930], the final readings, obtained 10 or 15 minutes after the formation of the 
liquid junction, are more reproducible in the case of junctions formed with 
hydrochloric acid inside tubes. 

In certain of our experiments, the final as well as the initial readings were 
reproducible, but it is more difficult to obtain satisfactory final readings on 
account of contamination of the solutions with potassium chloride. It is possible 
that in the case of protein solutions the initial readings represent a closer 
approximation to a sharp junction, and it is by no means certain that the final 
readings are of greater significance. 

As the initial readings of membrane potentials that w T e have obtained for 
solutions of different protein concentration are reproducible, correction factors 
could be determined if a standard type of liquid junction for protein solutions 
were to be devised at a future date. 

Henriques [1929], who used an electrometer, drew attention to polarisation 
as a possible source of error in measurements of membrane potentials by the use 
of a galvanometer and a potentiometer. In this work it was found that there was 
no difference between the potentials measured just before and immediately aftei 
attempts to polarise the system by closing the circuit with the potentiometer set 
at 5 or 10 millivolts above or below the equilibrium value, causing galvanometer 
deflections from 57 to 112 mm. 


6. Measurements of membrane potentials at different protein concentrations 
in solutioyis where the composition of the dialysate is kept constant. 

The observations recorded in Figs. 2 to 6 show that in all the protein systems 
investigated, which included proteins such as haemoglobin and serum -albumin 
with particles of uniform size and denatured proteins which may be mixtures of 
particles of different sizes, there is a straight line relationship between the 
membrane potential and the “corrected percentage concentration, C, D , emet 
by formula 3, under conditions in which the membrane potential is small. 

The results of analyses of the protein solutions by volumetric or by refraeto- 
metric methods are usually expressed in terms of G, the concentration of ary 

14 
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protein in g. per 100 ml. of solution, and the values of G v are calculated fiom 
these measurements. 

C V = C [100/(100- FiC)] * (3). 

Cy~g. of dry protein per 100 ml. of solvent. C = g. of clry protein per 
100 ml. of solution. V x = volume occupied by 1 g. of dry protein. 

The volume of V 1 cannot be less than 0*75 ml., the specific volume of the 
dry protein, and it may be more if the protein combines with water. 


"0 5 10 15 20 

Fig. 2. Membrane potentials of CO-haemoglobin and acid haematin at different concentrations. 

Dialysates of ionic strength 0*01, compositions given in mols. per litre: 

p H 3*04. CHgCOONa 0*0025, CH 3 COOH 0*0975, NaCl 0*0975. 
p H 5*65. CH 3 COONa 0*100, CH 3 COOH 0*0105. 
p H 7*36. (NH 4 )oHP 0 4 0*03, NH 4 H 2 P0 4 0*01. 
p H 7*75. Na„HP0 4 0*0321, KH 2 P0 4 0*00357. 
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Fig. 3. Membrane potentials of haemoglobin (mixture of oxygenated and reduced) and kathaemo- 
globin from sheep blood. 

Bialysate p H 7*8, ionic strength 0*289, KC1 0*1, Na 2 HP0 4 0*0613, KH 2 P0 4 0*00533. 

The hydration of haemoglobin, estimated from chloride distribution measure- 
ments, is 0*21 g. per g. of dry protein [Adair, 1928]. The hydration of the 
haemoglobin of the horse in the presence of ammonium sulphate has been 
investigated by Sorensen and Sorensen [1933]. The value 0*353 g. given in their 
paper is reduced to 0*306 g. if the calculation is based on the nitrogen determina- 
tion of 16*69 %, made by Vickery and Leavenworth [1928], rather than the 




50 


Fig. 4. Membrane potentials of sheep CO -haemoglobin. 

“Ideal” n p =4*3 curve calculated for a protein of valence 4*3 in ideal solutions. 
Dial y sates of ionic strength approximately 0*01. 

p h 6*38. (NH 4 >HP0 4 6*00128, NH 4 H 2 P0 4 0*00672. 
jp H 6*61. (NH 4 )JIP0 4 0*0017. NH 4 H.,P0 4 0*0053. 
jp H 7*61. (NH 4 ). 2 HP0 4 0*0037. NH 4 H 2 P0 4 0*0012. 

At p u 7*61 potentials are negative. 



Fig. 5. Membrane potentials of serum-proteins. 


Serum-albumin, p n 7-06. Dialysate (NH 4 ) a HP0 4 0-005, NH 4 %P0 4 0-005. A 7-4 serum-al bumin, 
Pr 7-4 total protein. Dialysate p s 7-4. N%HP0 4 0-0533, li-HjI 0 4 0-0133. 
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older value of 17-3 %. Adair and Robinson [1931] used a direct method, in 
which the dried haemoglobin of the sheep, exposed to the vapour of saturated 
ammonium sulphate solution, took up 0-2 g. of water per g. dried protein. 
Weber andNachmannsohn [1929] estimated that the effective volume i] = 1-Oml. 
in the case of serum-albumin. In the calculations given below, the volume 
F 1 = l-0 has been used for serum-albumin and V x = 0-965 for haemoglobin and its 
derivatives. Although these values may require correction when more complete 



Fig. 6. Membrane potentials of edestin. Diaiysate 0*0104 M HC1. Curve 1, observed potentials. 

Curve 2, theoretical potentials for protein of constant valence 26*3. Curve 3, potentials 

calculated from chloride concentrations (Section 8). 

data are available, the straight line relationships between the membrane 
potentials and C v shown in Fig. 2 indicate that the corrections are small, although 
it is not impossible that a straight line might be obtained in a system where the 
error due to an underestimate of the hydration value is compensated by a 
reduction in the membrane potentials in concentrated solutions, due to the 
interionic forces described by Debye and Shekel [1923]. 

7. Relationships between membrane potentials and protein concentrations 

in ideal solutions. 

Bjerrum [1924] showed that in an infinitely dilute solution of a colloid 
equilibrated with hydrochloric acid, the potential is proportional to the con- 
centration of the colloid in mols. per litre of solution. 

The calculations given below show that in ideal solutions the potentials are 
proportional to the concentrations in g. mols. per litre of solvent, under certain 
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conditions which can he defined by the application of the formula (4), due to 
Donnan and Guggenheim [1932], together with the additional calculations 
recorded in Table V. 

(p'-p-) v 4 ( i- Kt )+rt ( 4 ). 


B, T, F and J5J are defined as for formula (1). v t — the volume of the ion in litres 
per g. mol. K t = the compressibility of the ion. % = the valence (negative for 
anions). N/ = the molar fraction of the ion in the protein solution. P f — the 
hydrostatic pressure of the protein solution. the molar fraction of the ion 

in the dialysate. P" — the hydrostatic pressure of the dialysate. 

In all the formulae given below, where it is necessary to distinguish between 
the protein solution and the dialysate, the same notation is used. The symbols 
with two accents refer to the dialysate. 

The effects of hydrostatic pressure, discussed by Hiickel [1925] and repre- 
sented by the first term in formula (4), are very small in colloidal solutions with 
low osmotic pressures. According to Kamevama [1925], a pressure of one 
atmosphere is equivalent to a correction of 0-06 % in the distribution of 
potassium chloride across a membrane, a correction which can be neglected in 
comparison with the experimental errors in the measurements of the molar 
fraction of the ions. 

In aqueous solutions, the absolute values of the molar fractions are uncertain, 
on account of the polymerisation of water, but it is possible to calculate con- 
ventional values by formula (5), assuming that 1000 g. of water equal 55*51 mols. 
[Lewis and Randall, 1923]. -yy r/ /(55*51 4* S') * (5). 

x/ = the molality of the ion in g. mols. per 1000 g. of water in the protein, 
solution. S' = the sum of the molalities of all solutes including the protein 
present in the solution. 

A similar formula N/ = r// (55*51 4* S") can be applied to the dialy sates. 
The sum of the molalities S" is less than S', because the dialysate does not contain 

If, however, the difference between S' and S" is of the order of 0*01 g. mob 
per 1000 g. of water, the denominators in the formulae differ by less than 
0*03 % and it follows that formula (4) is equivalent to the simpler formula . 

x/ (ideal) = x/' r ?: W* 

r i: = the ideal distribution ratio, defined by formula (7). 

f. = antilog ( — 2*303 •% F E jlOOORT) (" ) * 

At 0°, 2*303 n t FE jlOOO BT = n t EIU-W. . 

The conditions under which formula (6) is valid can be determined from 
measurements of the osmotic pressures of the solutions with collodion mem- 
branes impermeable by proteins. Sorensen [1917] pointed out that the osmotic 
pressure of an ideal solution of a protein, in which the molar fraction of the 
protein is small, is determined by formula (8). 

p (ideal) = RTm v ^)* 

m 9 is the corrected concentration of the protein, expressed in g. mok .per 
litre of dispersion medium. If p (ideal) be expressed m mm. ny^nryatfl , then 
RT expressed in mm. mercury and litres, is equal to 7(>0 x — 4 17, * < - * 

fndilulaqneoos solutions ,t 0-. there b little difference between the comctcd 
concentration and the molality, and if the osmotic prawn, be beta- 1 <0 mm. 
mercury, the difference between S’ and S" cannot exceed Oul. 
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It is convenient to use the same units in calculations of osmotic pressures and 
of the distribution of ions, namely, the corrected concentrations, which are 
correlated with concentrations and molalities by formula (9). 

m/ = c/ (100/100™ V-fi) =x/liv' ......(9). 

m/= the corrected concentration of the ion in g. mols. per litre of solvent in 
the protein solution, cf = g. mols. per litre of protein solution. V 1 and C — effec- 
tive volume and concentration of protein (formula (3)). w' = kg. of water per 
litre of solvent. 

In the dialysate, the volume of solvent, defined above, is equal to the volume 
of the solution, and therefore m/ — c" —xf \w\ where w" Is the water content of 
the dialysate. The terms vf and w' are almost identical in a system where the 
molar fraction of water in the protein solution is 99-98 % of its value in the 
dialysate, a value corresponding to an osmotic pressure of about 170 mm. 
mercury, and therefore formula (10) can be applied to solutions with low osmotic 

pressures. m/ (ideal) =m/V, = c/V* (10). 

Further steps in the calculation of the relationship between the membrane 
potential and the protein concentration are shown in Table V. 

Table V. Relationship in ideal solutions between membrane potentials and the 
equivalent concentration of the protein , equilibrated with salts of different 
valence types. 

Type (1-1). Example Pr.Cl + HCl. Type (2-1). Example Pr.HP0 4 +Na 2 HP0 4 . Type (1-2). 
Example NaPr + Na 2 HP0 4 , potentials negative. Type (1-1*5). Example NaPr+Na 2 HP0 4 -i- 
NaH 2 P0 4 . A Ph~Pk difference between protein solution and dialysate. 







Type 

Type 

Type 

Type 






(1-1) 

(2-1) 

(1-2) 

(1-1-5) 



[91]/ 

[H]/ 


m v n v 



m p n p 

E 

A Pb 

[Clf 

tar 

u 

J 

J 

J 

J 

1*18 

0*022 

1*051 

0*951 

0*05 

0*050 

0*051 

0*049 

0*049 

2*35 

0*043 

1*105 

0*905 

0*10 

0*100 

0*105 

0*095 

0*096 

4*72 

0*087 

1*221 

0*819 

0*20 

0*201 

0*224 

0*184 

0*188 

7*05 

0*130 

1*350 

0*741 

0*30 

0*305 

0*360 

0*267 

0*276 

9*40 

0*174 

1*492 

0*670 

0*40 

0*411 

0*518 

0*348 

0*363 

11*75 

0*215 

1*649 

0*606 

0*50 

0*521 

0*704 

0*427 

0*450 

16*45 

0*304 

2*014 

0*497 

0*70 

0*759 

1*695 

0*589 

0*631 

23*54 

0*434 

2*718 

0*368 

1*00 

1*175 

2*340 

0*861 

0*940 


In making these calculations, it is assumed that the experimental data given 
are the membrane potentials and the concentrations of the ions In the dialysate, 
hut as all the terms given In the tables are functions of the membrane potentials, 
there are many alternative sets of data that could be utilised. The first column 
gives the membrane potentials in millivolts at 0°, the temperature at which the 
measurements were made In this work. For comparison with Loeb’s measure- 
ments at 24°, the potentials should he multiplied by (273 + 24)/273. The terms in 
the other columns require no temperature corrections. The p K difference be- 
tween protein and dialysate is recorded In the second column. The third column, 
gives the ideal distribution ratio for chloride Ions, which may be calculated by 
formula (10) or by the exponential formula stated below: 

Ti = e~ n i u = [ 1 — %{n + u 2 — % 3 u Z j t . . . ] ( 11 ). 

u = Ex F/IOOORT = E/23-535 at 0°. 
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The fourth column gives the ideal distribution ratio for the hydrogen, ions. 
Since the concentrations of the ions in the dialysate, symbolised [H]" and [Cl]*, 
are known, their corrected concentrations in the protein solution,, symbolised 
[H]/ and [01]/, can be calculated from the distribution ratios. The equivalent 
concentration of the protein chloride is then calculated as the difference between. 
[01]/ and [H]/, and if m V9 the corrected concentration of the protein. Ions, is 
known, the valence, or more precisely the mean valence of the protein ions, 
defined as the ratio of the equivalent and the molar concentrations, can then be 
calculated by formula (12). 

m v n v = [Cl] c ' — [H] c ' (12). 

If the exponential series in formula (11) is applied, the term [Cl]/ is equal to 
[01]" (l + w + l'w 2 ), and [H]/ equals [H]" (l—u + hu*) and if u be small, so that 
higher powers of u can be neglected, m v n p is equal to u ([C1]" + [H]"). 

Formula (12) differs from the equations given by Bjerrum [1924] and by 
Adair [1928] in that c p is replaced by m p . Similar calculations show that if the 
dialysate contains a mixture of ions of different valences, m p n p is determined by 
formula (13). 

m p n p = -Sm/% ......(13). 

Sm/% = the sum of the corrected concentrations of the ions in the protein 
solution, multiplied by their valences. The ideal values of m- are determined 
by formula (10). If u is small, formula (14) can be applied: 


n = UJ 


.(14). 


J = the sum of the concentrations of the ions in g. mols. per litre of dialysate, 
multiplied by the squares of their valences. Both n P and u are negative when the 

protein is acting as an anion. . 

In Table V, exact values of the ratio m P nJJ have been calculated, not only 
for univalent ions but also for mixtures such as the phosphate buffers containing 
bivalent ions, by the application of formulae (13) and (10), using tables of values 
of e u and to calculate the distribution ratios referred to m formula (II). me 
simpler formula (14) can be applied over the range where the difference between 
u and m p nJJ is small. 


8 . 


The determination, of the valence of protein ions. 


Pauli and Valko [1933] have discussed the difficulties inherent in estimations 
of the valence of protein ions and have given references to previous 
bearing on this problem. The method of cataphoresis is of histor cal 
because the existence of a charge on protem ions which depends upon the 

hydrogen ion concentration, was first demonstrated by measurements of tl , 

mobilities of the proteins in an electric field [Hardy l 89 9,190o]. 

The calculation of the charge presents considerable difficulties on account 
of the uncertain effects of the “ atmosphere” of inorganic ions sin roundin s the. 

referred to By li *L [1930], who has made most 

measurements of the mobilities of proteins, and by. Abrams ‘ f.^ 

ah ntliAr methods defend upon estimates of the concent* ataons ox i 
inorganic ions present in the free state in the protein solution and the applies ion 
of a formula of the type stated below . 


p = sum of equivalents anions -sum of equivalents cations ^ 


.(15). 
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The concentrations of the ions in the free state cannot be determined 
directly; the results obtained by chemical analyses represent the sum of free 
and combined ions ; the activities of the ions measured by electrometric methods 
may be different from the true concentrations, unless the solutions are so dilute 
that it is possible to neglect the interionic forces described by Debye and 
Hiickel [1923]. Similar difficulties arise in estimates based upon osmotic 
pressures, conductivities and membrane potentials of the solutions. 

The method described in this work is based on measurements of membrane 
potential, but it differs in certain respects from the methods described by 
Bjerrum [1924], Rinde [1926] and other investigators. Firstly, the measurements 
are made on solutions with relatively small membrane potentials and secondly, 
the relationship between the potential and the protein concentration is deter- 
mined under conditions where the composition of the dialysate is kept constant, 
as shown in Figs. 2 to 6. 

In the theoretical interpretation of the curves, it must be remembered that 
the pure salt solutions of the dialysates do not follow the ideal solution laws. 
The formula of Don nan and Allmand, discussed in Section 1, for membrane 
potentials in non-ideal solutions, can be stated in the form a/ = a" r i , where 
a/ and a/ denote the activities of the ion in the protein solution and in the 
dialysate, or in the alternative form x/ f/ = x/ f f" r i; where// and//' denote the 
activity coefficients of the ions; it follows that m/ (/////') = (formula (16)) 
within the range of application of formulae (6) and (10). 

According to the theory of Debye and Hiickel [1923], the activity coefficient 
is a function of the ionic strength of the solution, which is equal to J. The 
calculations recorded in Table V show that in systems with large membrane 
potentials, there is a marked excess of ions inside the membrane. The difference 
between the values of J' and J" in the protein solution and in the dialysate must 
affect the activity coefficients. If the membrane potential be less than 2 milli- 
volts, the excess of ions inside the membrane is relatively small, and unless there 
are specific effects due to the protein, the ration /////' should approach unity. 
If this ratio be equal to unity at very low protein concentrations, formula (16) 
is the same as formula (10), and it follows that the straight line relationship 
shown by formula (14) and by Table V can be applied to the non-ideal as well as 
the ideal solution. The valence of the protein ions is then determined by 
formula (17). 


uJ 


Jo 


= 0*00425 M.J 


.(17). 


0*00425 is calculated for a temperature of 0° using the constants in formula (11). 
M = the molecular weight of the protein. (E/G V ) Q = the value of the ratio 
(EjC v ) at C v — 0, estimated by extrapolation from a series of measurements in 
which the composition of the dialysate is kept constant. C v — m 2) . M /10. 

An experimental test of the formula (17) has been made by determining the 
relationships between E and O v for a number of different proteins and a number 
of different solvents, covering a range from 2*0 to 7*8 and ionic strengths 
from 0*01 to 0*287. In all the systems investigated, there is a straight line 
relationship between E and G v over a range from 0 to 2 millivolts, as shown in 
Figs. 2 to 6, a result in accordance with the assumptions made in the derivation 
of formula (!?)• 

Deviations from the ideal relationships are observed only in solutions where 
the membrane potentials are large as in the case of haemoglobin phosphate 
(Fig. 4) and edestin chloride (Fig. 6), but under these conditions there is a marked 
excess of ions inside the membrane which must alter the activity coefficients. 
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A part of the difference between the ideal and the observed curves for haemo- 
globin phosphate can be accounted for by the difference between the p n values 
of the protein solution and the dialysate and the effects of the p 1{ on. the valence, 
a subject which will be discussed in a subsequent communication. 

Although the results recorded in Figs. 2 to 6 are all consistent with 
formula (17) and show that n p is constant in solutions with low membrane 
potentials, they do not prove that the absolute value of n p is the same as that 
calculated by formula (17). Evidence bearing on the absolute value of n v is 
given below, but the results cannot be regarded as decisive because all alter- 
native methods are subject to uncertainty. 

Congo red and O' 02 M NaHCO s . The determination of the valence of Congo 
red from measurements of membrane potential is of interest because in the case 
of this colloid, independent evidence concerning the degree of ionisation has been 
obtained by osmotic methods. Bayliss [1911] and Donnan and Harris [1911] 
obtained osmotic pressures about one-third of those calculated for a fully ionised 
disodium salt Na 2 R, and Donnan and Harris showed that the observed pressures 
could be accounted for if Congo red ionised according to the equation 

(Na 2 R) n =wNa+ (NaR)„, 

where n is the number of molecules present in the colloidal micelle of Congo red. 
The electrical conductivities indicate greater ionisation, but this difference may 
he accounted for by McBain’s theory that the ionic micelles have a relatively 
high mobility [McBain et ah 9 1919]. 

The data recorded in Table VI show that the equivalent concentration m p n p , 
deduced from the membrane potentials, is from 47 to 53 % of the total sodium 
equivalent to Congo red, a result in accordance with the osmotic measurements 
of Donnan and Harris. 

Table VI. Membrane equilibrium of Congo red at 0°. Dialysate O' 02 M 
Na&Oa + NaHCOs. p H 9. 

AH concentrations expressed in millimols. per litre, except that of Congo red, given in iniili- 
equi valent s. 

[CO a f = sum of [HCO s f + [C0 3 f. Proportions of ions determined, by formula [Na] tf = (l H-a-") 
[C0 2 ], where x" = fraction of total C0 2 present as carbonate in the dialysate. [C0 a ]' = total 00 2 in 
the colloidal solution. [C0 2 ] c ' (calc.) computed from values of [CO a f, x" and E by application of 
formula ~ m p n p = corrected equivalent concentration of Congo red computed from 

formula -w p ^ = [Na]/ (ideal) - (1 +x') [C0 2 ] (ideal), .refraction of total C0 2 present as car- 
bonate. Values for [Congo red] represent total sodium equivalent to Congo red, determined b\ 
analyses of [Na]' and [C0 2 ]' and the calculation of x\ Observed values of [Congo red] [Nap and 
’ uncorrected because of the low concentrations of Congo red (0-51 to 1**9 g- P er 190 mb). 


[CO,]' 


Dialysate 


Inner fluid 


[Na]' 

20*2 

20*1 

19-9 

19*9 

20*2 

20*2 

20*2 


[co 2 r 

18*9 
18*9 
‘ 19*0 
19*0 
18*9 
19*2 
19*2 


[Congo red] 

144 

22*0 

24*0 

25*9 

32*8 

50*3 

51*0 


[Na]' 

30*8 

37*1 

38*4 

40*1 

45*8 

61*3 

61*7 


[co a y 

15*5 

14*4 

13*9 

13*8 

124 

10*7 

10*4 


[CO a ycalc. 

15*6 

14*5 

14*3 

13*5 

12*6 

10*8 

10*6 


10*5 

11*3 

13*1 

164 

23*7 

24*8 


E 

4*21 

5*87 

6*42 

6*92 

9*04 

12*92 

1348 


Edestin chloride and 0*0104 M HCl The ratio (EjC^ calculated from the 
experiments on edestin recorded in Fig. 6, is equal to 17*o, an maung 'to 
provisional assumption that in a solution of edestin denatured tc roc i one 
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acid, the mean molecular weight is 17,000, the mean valence is 26*3. An approxi- 
mate confirmation of this value is afforded by the determinations of the chloride 
concentrations on both sides of the membrane by chemical analyses. The curve 
marked 3 in Fig. 6 gives the potentials calculated from these analyses by the 
application of formulae (7) and (10) on the assumption that the protein chloride 
is fully ionised. Even in the most concentrated solutions, the observed potentials 
are about 70 % of the calculated values. 

A rough estimate of the valence of edestin as 24*0 has been made on the 
assumptions that the chloride is fully ionised and that the activity coefficient of 
the hydrogen ions is the same as that of the chloride ions [Adair, 1928]. The 
electrometric measurements of Hitchcock [1923] on an edestin preparation not 
exposed to prolonged dialysis with acid give the slightly smaller value of 21. 
The criticism published by Stadie and Sunderman [1931] of the value 24*0 is 
based on a misunderstanding. They overlook the fact that in solutions of 
protein chlorides equilibrated with free hydrochloric acid, it is necessary to 
deduct the free hydrochloric acid from the total chloride in order to estimate the 
chloride equivalent to the protein. In their criticism of Adair’s conclusion that 
an increase in the concentration of edestin diminishes the activity coefficient of 
the chloride ions, they point out that the electrometric measurements involved 
liquid junction potentials. It is unlikely that the change in the activity 
coefficient can be accounted for by the liquid junction potentials, because the 
protein diminishes not only the activity coefficients but also the osmotic 
coefficient g' defined by the formula 7r=RTg' ([H] -fi[Cl] + [Pr]), where tt is the 
total osmotic pressure. In solutions containing 0*246, 0*60 and 2*16 g. of protein 
per 100 ml. the values of g' were 0*94, 0*85 and 0*73 respectively. 

Serum-albumin. The potentials of serum-albumin recorded in Table VIII 
are relatively large, and instead of determining the ratio (E/C v ) 0 by extrapolation, 
the ec apparent valence” at each protein concentration was calculated, as shown 
in Table VIII. The limiting value for G v = 0, determined by extrapolation, is 
— 17*1. The apparent valences diminish as the protein concentration increases, 
but in all cases they exceed the values of y, the number of ammonium ions 
equivalent to the protein determined by chemical methods. The values of y are 
subject to error on account of the technical difficulties of the analyses, but the 
difference between and y exceeds the experimental errors. 

In a pure aqueous solution of an ammonium proteinate, the value of 
cannot be greater than y, and it may be less if the proteinate be not fully ionised. 
In the presence of neutral salts, it is theoretically possible for n v to exceed y , if 
the protein exists as a zwitterion, with many positive and negative charges, and 
if the anions of the neutral salt are capable of combining with, or neutralising 
some of the positive charges of the zwitterion. In the case of a zwitterion, % 
represents the difference between the numbers of positive and negative charges, 
and it is possible to increase n, X) without altering the amount of acid or base 
combined, as determined by titration curves and by analyses of the type 
recorded in Table VII. This hypothesis is open to objection on chemical grounds, 
because the salts of ammonia and its simpler derivatives appear to belong to the 
class of strong electrolytes in aqueous solutions, and therefore a compound of the 
type R NH S C1 should be fully ionised [Sidgwick, 1927]. The evidence is not 
decisive, because a protein may have different types of positive groups. 

If unionised phosphate be present associated with the protein, the observed 
concentration of the phosphates (m/) should exceed the ideal value. 

m/ (observed) = m/ r i + bm p 


(18). 
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The term b represents the apparent combination of ions with the protein , the 
sum of b x , the number of ions combined with one molecule of the protein and of 
h 2 , which represents the excess of ions in the neighbourhood of the protein which 
may be attracted by the interionic forces. Formula (18) differs from an equation 
published by Northrop and Kunitz [1926] in that a correction for the hydration 
of the protein is made in the calculation of m, ' by formula (18), and that b is 
regarded as the sum of two terms and is expressed in corrected concentrations 
rather than molalities. 

The observations recorded in Table VII showed differences between the 
ideal and the observed concentrations of ammonium ions scarcely greater than 
the experimental errors. Theoretically, the ammonium proteinate tends to 
diminish the activity coefficients, but the relatively low concentration, of the 
bivalent ion HP0 4 in the protein solution acts in the opposite direction. The 
observed concentrations of total phosphate are greater than the ideal concentra- 
tions, and the values of b recorded in Table VIII show an excess of about 
four phosphate molecules per molecule of albumin in dilute solutions, which is 
sufficient to account for the difference between y and n 9 , on the assumption that 
the phosphate is unionised. The estimate of b , the apparent combination of 
phosphate ions with the protein, is affected by errors in the electrometric 
measurements as emphasised by Stadie and Sunderman [1931], hut the chemical 
measurements, given in Table VII, show that the product of the corrected con- 

Table VII. Membrane equilibrium at 0° of serum-albumin and 0-005 M 
NH 4 H 2 P0 4 + 0- 005 M (. NH 4 ) 2 HP0 4 . 

Mean p- H °f dialy sates after equilibration = 7-06. All concentrations in millimols. per litre 
solvent. = corrected concentration of albumin, assuming mol. wt. 72,000. [P0 4 ]" = total 
phosphate in dialysate = HP0 4 + H 2 PQ 4 . x' = fraction of total phosphate in protein solution in 
bivalent form, computed from [NH 4 ]", [POJ* and E. 


m x> 

[NH 4 y 

[HH 4 y 

ideal 

[NH.,y 

observed 

[Po 4 r 

[Po 4 y 

ideal 

[POJc' 

observed 

x f 

0-287 

15-11 

17-00 

17-50 

10-07 

8-47 

9-71 

0-471 

0*482 

14-95 

18-08 

18-50 

9-73 

7-31 

9-61 

0-489 

0-792 

14-80 

19-85 

20-6 

10-15 

6-70 

9-73 

0-386 

0*882 

15-15 

21-11 

20-3 

10-17 

6*30 

9-15 

0-408 

1-645 

14-75 

26-20 

27-9 

10-00 

4-46 

8-86 

0-339 

3-320 

15-00 

41-20 

37-4 

10-00 

248 

9-15 

0-207 

2-480* 

29-90 

49-20 

48-6 

20-40 

* 10-12 

19-78 

0-346 

3-280* 

29-97 

55*70 

48-9 

20-00 

8-28 

19-80 

0-350 



* 

0-02 M phosphate buffer. 




Table VIII. Observed membrane potentials of serum-albumin and ammonium 

phosphate at 0°. 

n p „ the apparent valence, computed from data in Table VI by formula — [NHJ^ 

(ideal) -(1 +x') [POJ c ' (ideal). y=base per mol. protein, computed from formula ro^=[NHJ c ' 
(observed) - (I + *') [POJ/ (observed). 6= excess P0 4 per mol. protein, defined by formula (18). 
p — osmotic pressure in mm. mercury. pj% represents the protein solution. 


m /p 

E 

P 

Pu 

n p apparent 

y 

b 

* . ^ 

0*287 

- 2-75 

7-1 

7-00 

- 15*8 

11-2 

4-3 

0*482 

- 4-47 

13-8 

6-96 

-14-9 

8*7 

4*8 

0*792 

- 6-92 

27-3 

6-91 

- 134 

9-0 

3*8 

0-882 

- 7-78 

32*5 

6-88 

- 13*9 

8*4 

o\~ 

O.i:; 

1*645 

- 13-56 

90*7 

6-80 

-12-3 

9-9 

O 

«>.A 

3*320 

- 23-80 

251-8 

6-64 

- 11-5 

8-5 

8*9 

- » r 

2-480 

-11-78 

133-6 

6-74 

- 14-3 


3-280 

- 14-59 

211-7 

' 6*71 

- 13*5 

6*8 

. O V 
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centrations of the ions is considerably greater 'in the protein solutions than in 
the dialy sates, and that the protein must affect the mean activities of the ions of 
ammonium phosphates, although such measurements do not prove that the 
phosphates specifically are affected by the protein. 

In addition to the measurements on ammonium phosphates, a number of 
experiments were made with a buffer containing 0*0533 mol. of Na 2 HP0 4 plus 
0*0133 mol. of KH 2 P0 4 , p H 7*4 at 0°, which showed that the provisional 
estimate of (E/C v ) 0 — 0*32, given by Adair and Robinson [1930, 2], is too large. 
The value of n tJ> = — 25*4 has been calculated from a more recent determination 
(E/C v ) 0 = 0'24:. This value of 25*4 is larger than that obtained from 0*01 Iff 
ammonium phosphates at p H 7-06 (17*1), but the difference is accounted for by 
the composition of the buffers. 

Although the results obtained with serum-albumin and phosphate mixtures 
are consistent with formula (17) if the additional assumption is made that the 
phosphate is not completely ionised, they cannot be regarded as a proof of the 
formula on account of the lack of independent evidence. 

Summary. 

The sources of error in measurements of the membrane potentials of protein 
solutions have been investigated, and a method has been developed which can be 
applied to systems where the potentials are small and volumes of the solution 
available are restricted to 5 ml. or 1*5 ml. 

The haemoglobin of sheep and ox, serum -albumin, acid haematin, kathaemo- 
globin and edestin have been equilibrated at 0° with dialysates of well-defined 
hydrogen ion concentration, with p n values ranging from 2*0 to 7*8 and salt 
concentrations from 0*005 to 0*16 iff, and it has been found that the observed 
relationship between the membrane potential E and the concentration C v , 
expressed hi g. protein per 100 ml. solvent, is a close approximation to a straight 
line when E is less than 2*0 millivolts. 

The hypothesis is advanced that, from such measurements, it is possible to 
calculate the mean valence of the protein ions, symbolised n P , by the formula 

— 0*00425 MJ ( E[G V ) 0 , w T here iff is the molecular weight of the protein and J 
the sum of the concentrations of the ions in the dialysate multiplied by the 
squares of their valences. (EIC V ) 0 is the limiting value of the 1 ratio at Gy = 0, 
determined by extrapolation. The hypothesis is consistent with measurements of 
the relationships between membrane potentials and protein concentrations and 
with additional evidence obtained from chemical analyses and osmotic pressure 
determinations on dilute solutions of edestin and on Congo red. 

In the case of serum -albumin, the results obtained can be reconciled with the 
investigations of the distribution of ions on the assumption that the protein 
exists as a zwitterion and that some of the positive charges are neutralised by 
phosphate ions. 
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ASPERGILLUS NIGER . 

By JOHN LEWIS YUILL. 

(Received December 1st , 19 S3.) 

The mould whose behaviour on sugar solutions forms the subject of the present 
communication is a Penicillium originally isolated from an unsterilised cane sugar 
nutrient solution. Moulds believed to be of the same species have since been 
encountered contaminating Aspergillus cultures. The same or very similar 
species have also been found hi nature accompanying Aspergillus niger. The 
association of the Penicillium with the latter mould is so intimate and its ulti- 
mate effect upon the Aspergillus so unfavourable that it may fairly be described 
as parasitic. 

Thom [1930] states that members of the P. rugulosum series have frequently 
been found as parasites of other moulds in studies of the Aspergilli . Elsewhere 
Thom and Church [1926] refer a parasite of A. niger to the group P. luteum - 
purpurogenum close to P. rugulosum . 

The present Penicillium bears conidia which resemble in size, shape and 
markings, and nearly in colour, those of P. rugulosum Thom. In some other 
respects, notably in its rapid and intense production of a diffusible red pigment 
in the mycelium, it resembles rather P. purpurogenum Stoll. On certain sub- 
strates, e.g. on malt agar, it shows a funiculose phase, for m ing ropes of red 
hyphae. On this medium there is often an early growth of pink or red pointed 
tufts of hyphae. Mature cultures on Czapek agar have herbage of a colour almost 
matched by “dull blackish green” of Ridgway, Plate XLI, in. 33, with here and 
there patches of yellow hyphae. The red pigment in the inferior surface and 
medium already referred to is very characteristic. Cultures have no marked 
odour. Colonies are not floccose. Sclerotia have not been observed. The penicillus 
is symmetrically biverticillate. The metulae, usually four in number, measure 
ll/i x 2-5/x. The sterigmata 11 fix 2*2/i. The conidial chains, which may be very 
long and densely packed, usually remain intact in fluid mounts. The conidia are 
elliptical (3*4 px 2*6 /x), pigmented and have a roughened contour when ripe. 

It is not proposed to attempt to identify the organism more closely than this, 
but to refer to it by the index letters under which it has been kept in culture, as 
Penicillium “ R.B 

In its action upon sugar solutions, Penicillium “ R.B has been compared 
with type cultures of the other species named above. It is found to differ sharply 
from them by giving rise to an acid substance which is almost insoluble in water, 
but easily soluble in alcohol and other solvents specified later. Colourless 
crystals of this substance encrust the mycelium and glass in acid conditions. 
When chalk is present a soluble calcium compound forms in the solution. The 
explanation offered by Alsberg and Black [1913] for the distribution of myco- 
phenolic acid according to the reaction of the medium probably applies here also. 
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As regards tolerance towards acidity Penicillium grows well on 

carbohydrate media over a large range of p H and is tolerant of a high initial 
acidity in the medium. Thus, for example, it will grow well on sugar solutions in 
the presence of chalk and on similar sugar solutions having an initial p K as low 
as 2*5. Nevertheless a certain acidity appears favourable for the germination of 
the conidia, and in the earlier experiments on chalk- containing media germination 
was quite erratic, frequently not taking placeatall. On acidified media this trouble 
has never been experienced, and the difficulty with chalk was overcome by allowing 
germination to begin under acid conditions and then running the desired quantity 
of sterilised chalk suspension beneath the mould into the liquid. The conidia of 
many other moulds are known to germinate best in acid conditions [Webb, 1921]. 
The cultural device just mentioned may therefore have a more general interest. 

The mould grows over a wide range of temperatures, with a growth-optimum 
probably at about 37°. It will grow at room temperature and 40°. Seed tubes 
kept over a year in cold store remained in perfectly good condition and gave rise 
to normal flask cultures. 

The appearances of the cultures in the two cases where chalk is added after 
germination and where it is not added are very different. The biochemical 
changes and the fate of the sugar are also greatly affected, as the following general 
description of the outstanding features at 28° in each case will show. 

On chalk- containing sucrose medium, an opaque white mycelium forms com- 
paratively rapidly. The inferior surface rapidly develops a blood-red colour which 
can be seen to diffuse into the solution. It begins first on those areas immediately 
over the chalk and can be hastened by disturbing the chalk from time to time. 
Sometimes the mould spores early, hut will often remain free from spores to the 
end. Its surface then passes through various warm shades of colour — yellow, 
orange, rusty and red shades. Though the chalk is visibly disappearing there is 
little sign of any evolution of C0 2 . The solution becomes more or less viscous. 
After some days white nodular crusts of calcium citrate separate out on the 
mycelium and the walls of the flask. Small quantities of calcium oxalate can also 
be demonstrated. After 10 days the solution may be run out and filtered from 
the calcium citrate and any remaining chalk. The filtrate gives a stronger calcium 
reaction than is accounted for by the dissolved calcium citrate. If it is acidified 
with HC1 a cloud forms, often tardily, and on warming, coagulation and crystal- 
lisation take place. At this stage a characteristic aromatic rather pleasant smell 
is given off. When precautions are taken to decolorise the filtrate before these 
operations, these crude crystals are practically colourless. 

On acidified sucrose medium the young mycelium is more frail and translucent 
and has a dangerous tendency to become £ ‘ water-logged ’ 5 and become submerged. 
Herrick and May [1928] record a similar observation with a variety of P. 
purpurogenwn under certain conditions. Penicillium “R.BP usually remains 
free from spores and shows more generous folding but produces no reel colour. 
The solution is colourless, and in the early days becomes opalescent. It clears 
later, and small bunches of colourless crystals are found hanging from the 
mycelium or fallen to the bottom or adhering to the sides of the flask. From these 
may be obtained by purification and recrystallisation a substance which appears 
to be identical with “glauconic acid I” of Wijkman [1931]. 

The solution gives no detectable reaction for citric acid. The titratable acidity 
after the removal of the crystals is negligible. The crystals themselves show the 
same solubilities and behaviour as those derived from the calcium compound in 
the chalk cultures. If the inferior surface of the mycelium is touched with, 
alkali, the bright red colour characteristic of the chalk-grown mycelium appears. 
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The substantial suppression under acid conditions of any accumulation of 
citric acid — an acid whose formation is known to be favoured by acid reactions in 
the case of other moulds [Currie, 1917 ; Butkewitsch, 1924] — and its accumula- 
tion when chalk is present is noteworthy. If oxalic acid is formed at all, it is only 
in traces. The presence of gluconic acid is not excluded. 

Experimental. 

Seed tubes for the inoculation of flask cultures have been grown on Czapek 
agar; malt-extract agar; and bread. Of the different temperatures used, 20°, 28° 
and 37°, 28° is probably the best for maintaining characteristics during sub- 
culture. 28° is also a satisfactory temperature for the incubation of flask cultures 
on sugar media. 

(a) Typical fermentation with Penieillium “R.B.” on chalk-containing medium . 

Currie’s solution, sucrose 150 g., NH 4 N0 3 2*5 g., KH 2 P0 4 1*0 g., MgS0 4 , 
7H 2 0 0*25 g., HC1 to p H 3*4~3*5, water to 1000 ml. was used as a basis for 
culture solution. 250 ml. Erlenmeyer flasks containing 50 ml. of the solution were 
used. The initial of the medium ensured sterility after 15-20 minutes’ steaming 
at atmospheric pressure. 

Pive flasks inoculated from a bread culture of Penieillium grown at 

28° were incubated at 30-31°. After 16 hours’ germination conidia had formed a 
delicate surface veil. 10 ml. of a sterilised chalk suspension were then run into 
each flask by pipette and the cultures returned to the incubator. After 10 days 
the cultures were sterilised and the liquors filtered. Washings from the mould and 
calcium citrate and the residual chalk were added to the filtrate. Analysis of a 
small sample of the filtrate gave a total dissolved calcium of 0*823 g. Rather 
more than the equivalent of hydrochloric acid was then added, and the fluid 
became turbid. On boiling, a quantity of crude crystals weighing 1*8 g. was 
deposited. This is 4*8 % of the original sugar in solution. 

Numerous flask experiments on this medium have been made at various 
temperatures. The water-soluble calcium compound is produced more freely at 
higher temperatures, 28°-37°, than at room temperature, and 28° was chosen. 
Other experiments on the same medium were made to find what differences 
resulted from adding the chalk suspension successively later and later after the 
germination of spores. Addition 12-18 hrs. after the beginning of incubation 
at 28° was found to give satisfactory types of culture. Other tests were made 
to detect differences due to agitating the chalk during incubation, without any 
decisive result — probably owing to the small depth of the solution. Among 
early fermentations many were designed to overcome the difficulty of irregular 
germination already mentioned. 

The crude insoluble acid from most of these small tests was saved and bulked 
for purification later. 

The solid calcium compounds were dissolved in excess of HOI, filtered and 
re-neutralised in the cold. A small precipitate, not wholly soluble on addition of 
acetic acid, formed. This was removed, and from it were obtained characteristic 
crystals of calcium oxalate. The calcium citrate in the solution was precipitated 
by boiling, filtered off and washed with boiling water. The dry weight of calcium 
citrate was 6*4 g. equivalent to 4*7 g. of citric acid; i.e. 12*5 % of the original 
sugar in solution. 

Residual sugar was not estimated. 
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(b) Typical fermentation with Penicillium <C R.R.” 
on add medium. 

To examine the behaviour of Penicillium “R.BT in absence of chalk a 
similar medium of the following composition was prepared and steamed for 
20 mins, at atmospheric pressure: sucrose 150 g., NH 4 N0 3 2*25 g., KH 2 P0 4 
0*875 g., MgS0 4 , 7H 2 0 0*225 g., HC1 4*5 ml. of N/5, water to 1000 ml. Flasks, 
quantities of liquid and incubation temperature as before. 

The mycelium had a slight peppering of olive-green spores interspersed with 
tufts of pale sulphur-yellow hyphae; it became only pale yellow on the under 
surface with traces of red at a few points on the rim in contact with the glass. 
After 11 days when the cultures were run out numerous small colourless crystals 
covered the under surface and the bottom of the flask. 

Fermentation liquor and loose crystals were run out into a beaker, the bulk of 
those adhering to the mycelium were detached in running water and added to 
those in the beaker and all washed by decantation. They were filtered, washed 
with cold water and dried at 100°. The average weight crystallised from each 
flask was 0*125 g., 1*66 % of original sugar supplied. Melting-point of the crude 
crystals insoluble in water was between 193 and 197°. The average weight of dry 
mycelium from each flask was 0*28 g. The increase in the titratable acidity of the 
liquor was negligible. Qualitative tests for oxalic acid and citric acid were both 
negative. As before the sugar of the medium was not exhausted. 

Many other small flask fermentations in absence of chalk have been carried 
out, varying the nutrients in solution, the temperature of incubation, concentra- 
tion of sugar, p R of solution and other factors. Many of these produced crude 
crystals. The yields reported are not large, but other experiments in progress 
indicate the possibility of considerably increasing the yield. 

One solution which failed to yield any crystals was the Czapek-Box solution. 
In this case, the cultures spored early and the fluid developed the red colour. The 
sugar in this solution is glucose, but that it was not the change from sucrose to 
glucose which caused the difference was proved by other tests. 

Purification of the water -insoluble crystals. A quantity of crude crystals ob- 
tained as described above was dissolved in an excess of N NaOH. The solution 
was clarified with norite and filtered. The filtrate was acidified with, strong iiOi 
and an almost pure white product obtained, giving, after washing and drying at 
100°, over 37 g. The melting-point of this material was not sharp, however, but 

ranged from 196 to 199°. # . , 

A part of this was submitted to recrystallisation from glacial acetic acid. I ins 
gave excellent crystals, the presumably purest specimens of which melted at 
201—202°. 

Properties. The substance is practically insoluble in cold water and only 
slightly soluble in hot water. It is insoluble in light petroleum. It dissolves m 
alcohol, acetone, ether, benzene, chloroform, pyridine and glacial acetic acid, 
from which it crystallises with ease. It dissolves in sodium carbonate solution 
with the evolution of OCX, only gradually in dilute solutions of NaOH and may 
be reprecipitated with acid as described. It may also he recovered crystalline by 
adding water to a solution in alcohol and warming. It does not reduce Fehlmg s 
solution or ammoniacal silver nitrate. The bromine absorption tes is nega e 9 an 
it gives no coloration with FeCl 3 . In concentrated H 2 S0 4 it blackens on heating. 

It burns with a smoky flame. _ . - , , , .. - fh 

Titration. The substance was dissolved m ethyl alcohol and titoted L w . 
iV/10 NaOH in presence of phenolphthalexn. In the cold there is no veiy deffi 
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end-point; the alkali is only neutralised slowly. More soda is taken up on 
heating. 

Equivalent 

Cold 0*0774 g. required 5*7 ml. N[10 NaOH — 

Hot 0*0774 g. required 8*55 „ „ 90*5 

0*1842 g. required 20*3 „ „ 90*7 

0*1591 g. required 18*2 „ „ 87*4 

(Tlieoretical for C 18 H 20 O 7 titrating as a tetrabasic acid, 87*0.) 

A search of the literature at the time failed to disclose any compound with the 
above properties produced by a mould. Before an opportunity occurred for a 
fuller chemical investigation of the new acid, Wijkman’ s work on the production 
of “glauconic acid I and II ” by a P. glaucum appeared [Wijkman, 1931]. 

Her experiments were made on a sucrose solution containing very small 
quantities of mineral salts and without chalk present. In these circumstances 
she obtained insoluble acids crystallising out during the fermentation and from 
the crude mixture separated two pure substances, the properties of one of which, 
glauconic acid I,' agree well with those of the acid produced by Penicillium 
ct R.BP Glauconic acid I is given the formula C ls H 20 O 7 , and has a melting-point 
of 202°. 

A thorough chemical examination of the metabolic products of the Penicil- 
lium “ R.B .” fermentation has still to be made, but the properties of the in- 
soluble acid already described have since been compared with those described by 
Wijkman. 

Mol. wt. 386 , 380 ; micro-analysis (Schoeller) C, 62*07; H, 5*75 %; calculated 
for C 18 H 20 Q 7 ; mol wt. 348 ; 0, 62 * 04 ; H, 5*79 % 

By acting on the acid dissolved in pyridine with acetic anhydride a crystalline 
derivative has been prepared whose melting-point closely approaches the value 
175° given for the corresponding derivative of glauconic acid I. Micro-analysis 
C, 61*52; H, 5*64 % ; calculated for mono-acetyl derivative C, 61*61 ; H, 5*68 %. 

Heated above its melting-point, the original acid gives off a very fragrant 
vapour as the substance decomposes, as does glauconic acid I. 

A substance corresponding to glauconic acid II has not been recovered, but 
the mother-liquors from the recrystallisation have not been investigated, so that 
the presence of this cannot be excluded. 

The experiments already described were all made with sucrose. Fermentations 
were made upon 15 % solutions of glucose and fructose and in all cases crystals 
of the same appearance, giving the same qualitative tests as those obtained with 
sucrose, resulted. When chalk is present citric acid is also formed in quantities of 
the same order as with sucrose. Glycerol has also been tried, and the striking 
feature of the glycerol fermentation is that the solution instead of remaining 
colourless becomes a deep yellow. 

Summary. 

A Penicillium parasitic on Aspergillus niger is described. Its action upon 
sucrose solutions has been examined. 

In the presence of chalk, considerable quantities of calcium citrate and small 
quantities of calcium oxalate are formed ; also the soluble calcium salt of an acid 
insoluble in water, but soluble in alcohol. 

In acid solutions the insoluble acid is formed encrusting the mould and 
separating on the vessel, but detectable quantities of citric and oxalic acids are 
not formed. 
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The insoluble acid also appears when sucrose is replaced in the medium by 
glucose or fructose. Citric acid is also formed from glucose and fructose when 
chalk is present. 

The insoluble acid is probably to be identified with “glauconic acid I” of 
Wijkman, originally found in cultures of a P. glaucum. 
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In previous papers [Hopkins and Worm all, 1933, 1, 2] tire chemical and 
immunological properties of phenylcarbamido-proteins have been recorded. It 
is to be presumed that in these compounds the C 6 H 5 . NH . OO-residue is attached 
to the free amino-groups of the lysine molecules. In view of the fact that 
serological inhibition tests have considerable value in the study of the con- 
stitution of chemically altered proteins, it was decided to make a more extensive 
study of the phenylcarbamido compounds. The phenyl- and p-bromoplienyl- 
carbamido- acids derived from many of the common amino-acids and similar 
compounds from oc- and e-amino-?i-hexoic acid have therefore been prepared and 
have been used in precipitin and complement-fixation inhibition tests in the 
hope that more knowledge might be gained about the structure of proteins and 
the nature of the reaction between native proteins and phenyl isocyanates . In 
particular it was hoped that these tests would give more information about the 
free basic groups of the intact protein molecule. 

Preparation of the phenylcarbamido - acids . 

These compounds were prepared by the action of phenyl isocyanate (1*4 mol.) 
on the amino-acid (1 mol.) dissolved in water containing NaOH (1 mol.). Double 
quantities of ISfaOH were used for the preparation of the aspartic acid, cystine 
and tyrosine compounds and three times the normal quantity when lysine 
dihydrochloride was used. The amount of phenyl isocyanate was doubled for 
the reactions with lysine, cystine and tyrosine, since the first two contain two 
ammo -groups per molecule and tyrosine lias a hydroxyl group which under 
certain circumstances might react with the isocyanate. 

The mixture of the isocyanate and the solution of the sodium salt of the 
amino-acid was well stirred at room temperature (15-18°) for 1 hour, 0*5 N 
NaOH being added where necessary to maintain a slight alkalinity. The 
solution was then filtered, and the phenylcarbamido -acid was precipitated from 
the filtrate by the addition of dilute HC1, with cooling where necessary. Most 
of these compounds were recrystallised twice from water or dilute alcohol and 
dried in vacuo over CaCl 2 . It was not found possible to recrystallise the lysine 
compound, and it was purified by reprecipitation. The yield of the recrystallised 
product was usually quite satisfactory. The melting-points recorded are all 
uncorrected. 
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The phenylcarbamido-acids used were all known compounds except those 
obtained from a- and e-amino-w-hexoic acids which had m.p, 140-141° and 126- 
127° respectively. 

Preparation of the p-bromophenylcarbamido-acids. 

These compounds were prepared by the action of p-bromophenyl isocyanate 
(1*4 mol.) dissolved in ether on the amino-acid (1 mol.) in slightly alkaline 
solution (1, 2 or 3 mol. of NaOH according to the amino- acid used, as in the case 
of the phenyl isocyanate compounds). 

The reaction mixture was cooled in ice and shaken for about I hour, more 
NaOH being added as necessary to keep the solution alkaline. The solution was 
then filtered and the p - br omophenylcarbamido - acid precipitated as before and 
recrystallised twice. It was not found possible to recrystallise the lysine and 
cystine compounds. Bromine estimations (Carius) and melting-point determina- 
tions were carried out on all the products. The results are tabulated below. 

Properties of the p-bromophenylcarbamido-acids. 


% Br 


Amino-acid 

m.p. of product 

Found 

Calc. ' 

Glycine 

Decomposes 200-210° 
without melting 

29-2 

29*3 

(for C 9 H 9 0 3 N 2 Br) 

Alanine 

181-183° (decomp.) 

27-7 

27*9 

(for C 10 H 11 O 3 N 2 Br) 

Leucine 

162-164° 

24*3 

24*3 

(for C 13 H 17 0 3 N 2 Br) 

a-Amino-n- 
hexoic acid 

181-182° 

24*6 

24*3 

(for C^O.NoBr) 

e-Amino-?i- 
hexoic acid 

Lysine 

170-172° 

176-177° 

24*0 

28*5 

24*8 

(for C 13 H„0 3 N 3 Br) 
29-5 

(for CAOABr s ) 

Cystine 

174-175° 

24*2 

25*1 

(for CooH^OoNABr,) 

Aspartic acid 

175-176° 

24*5 

24*2 

(for C 11 H 11 0 5 N 2 Br) 

Tyrosine 

197-199° 

21*0 

21*1 

(for C 1G H 15 0. 1 N 2 Br) 


Crystalline form 
Flat prisms 

Flat prisms 

Prisms 

Prisms 

Flat prisms 

Non- crystalline 

N o n- crystalline 

Prismatic plates 

Flat prisms 


The bromine values recorded in the above Table indicate that the^n™! 

molecule ^f'the amino^X The Byalue^ Obtained 

smaller amounts of the monosubstituted compound or compounds. 

Inhibition tests. 

Laadsteiaer [1920] fet showed that some 
inhibit the formation of a precipitate w en 0 i u +j 011 0 f the substance, which 

— - - «* 
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mixture is then added an antiserum which normally gives a marked precipitate 
with the antigen. If no precipitate is produced (i.e. complete inhibition), and if 
the substance does not inhibit any other type of precipitin reaction (e.g. that 
between horse-serum and an antiserum against horse-serum), specific union 
between antibody and inhibiting substance has occurred. This substance might 
therefore be said to have groupings similar to the antigenically prominent 
groupings of the antigen. The value of such tests will be discussed later in this 
paper. 

Precipitin inhibition tests. Precipitin tests were carried out under the 
conditions described previously [Hopkins and Wormall, 1933, 1, 2]. In the 
inhibition tests, 0*05 ml. of the antigen solution (0*025 % phenylcarbamido- 
horse-serum-proteins or more dilute solutions of phenylcarbamido -gelatin) was 
added to 0*20 ml. of a carefully neutralised solution of the inhibitory substance 
(0*01, 0*005 or 0*0025 M). To this mixture was added 0*10 ml. of the antiserum 
(antiserum against phenylcarbamido-horse-serum-glohulin) and the degree of 
precipitin formation noted immediately and after 5 mins., | hr. and 1 hr. These 
precipitin reactions were carried out at 37° except where the phenylcarbamido- 
gelatin compounds were used, these last-named compounds giving more pro- 
nounced precipitates at room temperature [Hopkins and Wormall, 1933, 2]. 
The results of the precipitin reactions are recorded as follows (in increasing 
degrees of precipitation) : — (no reaction), f. tr. (faint trace), tr. (trace), ± , + , 
4- ± , + + » etc. 

Complement fixation inhibition tests. To a series of tubes each containing 
0*5 ml. of diluted antigen solution, the range comprising 1 : 20, 1 : 60, 1 : 180 
down to 1:1,180,980 of a 5 % antigen solution, were added 0*10 ml. of a 
neutral 0*01 M solution of the inhibiting substance (in 0*9 % NaCl solution), 
0*10 ml. of 1:5 guinea-pig- serum and 0*05 ml. of the antiserum. After these 
mixtures had been allowed to stand for f to 1 hr. at room temperature, 0*5 ml. 
of a 4 % suspension of sensitised ox red cells (in 0*9 % NaCl) was added to each 
tube. The tubes were immersed in a water-bath at 37° and the extent of 
haemolysis noted at intervals. In many experiments similar series of tests were 
made with larger or smaller amounts of guinea-pig complement, the results being 
essentially the same as those with the amount recorded above. % 

Antigens and antisera. 

The preparation of the antigens and antisera used for this investigation has 
been described in previous papers [Hopkins and Wormall, 1933, 1, 2], The 
antigen concentrations (1 :20, 1 : 100, etc.) refer to dilutions of a 5 % solution. 

Experimental. 

The phenyl- and p-bromophenyl-carbamido-aeids were tested for the power 
to inhibit the reaction between phenylcarbamido-proteins and corresponding 
antisera. The antisera used were those against phenylcarbamido-horse-serum- 
proteins, whereas the antigen was some other phenylcarbamido-protein, either 
phenylcarbamido-chicken-serum-proteins or phenylcarbamido-gelatin. The last- 
named antigen proved of special value for this purpose, since with the antisera 
mentioned it gives marked precipitates in very high dilutions, and in these 
inhibition tests it is of advantage to reduce the amount of antigen to the minimum 
necessary to give a good precipitin reaction. In this way it is possible to reduce 
the amount of antigen competing with the inhibiting substance, and any 
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inhibitory action by the latter is usually more definite with the lower concentra- 
tion of antigen. 

These inhibition tests have been made with several concentrations of the 
antigen and antisera and with different amounts of the substances tested for 
inhibitory power. The last-named were usually used in 0 01 M solution in 
0*9 % NaCl, this being about the maximum solubility for some of the substances. 
The results of a typical experiment are given in Table I, this Table giving readings 
with two concentrations of antigen and two concentrations of the inhibiting 
substances. 

Table I. Precipitin inhibition tests . 

.4 ntigen : Plienylcarbamido-chicken-serum-proteins. 

Immune-serum : Antiphenylearbamido-horse-serum-globuliii (No. 51). 

Temperature : 37°. 

Antigen solution 

f N 

1 : 20 1 : 20 1 : 100 
. Solution of inhibiting substance 

a 

0*01 M 


Inhibiting substance 

NaCl 

0*01 M 

4- 4- 

0*005 M 

4- dr 

r m ' 

j- 4- 

4- dr 

Glycine 

4* dr 

4- dr 

_i. 4_ 

-f* dr 

Alanine 

4- dr 

4- ± 

4- dr 

+ dr 

a-Amino-w-hexoic acid 

+ d= 

4- dz 

4- dr 

4- dr 

Lysine 

4- dr 

4- dr 

4~ -J- 

4- dr 

Phenylcarbamido-acetic acid 

+ 

4- 

tr. 

dr 

a-Phenylcarbamidopropionic acid 

+ 

+ 

tr. 

dr 

a -Phenylcarbamido- w-hexoic acid 

+ 

j. 

tr. 

dr 

ac-Diphenylcarbamido-a-hexoic acid 

dr 

dr 

- 

f.tr. 

ae-Diphenylcarbamido-a-hexoie acid* 

-r 

dr 

- 

f.tr. 

± 

p-Bromophenylcarbamido-acetic acid 

4- rfc 

4- dr 

tr. 

Readings after: 

30 mins. 

30 mins. 

5 mins. 

30 mins. 

* Tests with one-half of the corresponding 0*01 or 0*005 

M solutions. 



From this table it will be seen that the plienylcarbamido-aeids have a marked 
inhibitory influence on the precipitin reaction between phenylcarbainido- 
proteins and the corresponding antisera, and that the most pronounced effect is 
exhibited by the lysine derivative. Preliminary experiments of this nature were 
used in support of the view that the reaction between phenyl isocyanate and 
proteins involves the free amino -groups of the lysine molecules of the protein 
[Hopkins and Wormall, 1933, 1]. Since lysine lias _ two NH r groups it seems 
possible that the corresponding phenylcarbamido- acid might be most efficient 
as an inhibitory agent because it contains two plieny Icarb ami do - groupings pei 
molecule, but this explanation was soon excluded, for the lysine compound 
always gives much better inhibition than does twice the equivalent amount of 
the other a-phenylcarbamido-acids. In the experiments described in this paper, 
tests with one-half the equivalent amounts of the lysine compounds were always 
made, the results being identical with those obtained with the higher con- 
centrations of these compounds. . 

The results given in Table I demonstrate the advantage of using as little 
antigen as possible for these inhibition tests, although it is necessary, of course, 
to obtain a good precipitate in the control tests, and they indicate also the added 
information which is gained by taking readings at various inter vals o time. t 
results with p-bromophenylcarbamido-acetic acid show that this c °a 1 P 0 ™^ 
some inhibitory action on the phenylcarbamido-precipitin reaction, but that the 
effect is less marked than that produced by phenylcarbamido-acetic acid. 
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One of the main objects of the work described in this paper was to obtain 
as much information as possible, using immunological methods, about the free 
basic groups of the protein molecule. For this purpose a- and e-amino-w-hexoie 
acids and their phenyl- and p - br omophenvl- carbamido - derivatives were pre- 
pared and these compounds and the corresponding lysine compounds compared 

Table II. Precipitin inhibition tests. 

Immune serum: Antiphenylcarbamido-horse-serum-globulin (No. 51). 

Temperature : 10°. (Readings after 30 mins.). 

Antigen 



Phenylcarbamido - 

jp-Bromo- 

phenyl- 

carbamido- 


gelatin (1 

: 500) 

gelatin 

Inhibiting substance 

r A — 

^ 

(1 : 500) 

NaCl 

+ ± 

4* zb 


Alanine (lysine, or %- or e- amino - hexoic acid) 

-f j- 

+ rt 

4* 

Phenylcarbamido- ( f Ianine 

acid correspond- -i * sm< ? , . . . 

i no> to 1 ! a. - ammo -% -hexoic acid 

& i e-amino-?a-hexoic acid 

tr. 

+ 

tr. 

tr. 

+ 

tr. 

- 


— 

Concentration of inhibiting substance : 

0-01 M 

0*0025 21 

0*01 M 


Note. None of the amino-acids used in this investigation, or the corresponding phenyl - 
carbamido-acids, had any inhibitory influence in these concentrations (0-01 M and more dilute 
solutions) on the precipitin reaction between horse-seruin-globulin and an antiserum to horse - 
serum-globulin. 

Table III. Precipitin inhibition tests. 

Antigen: Phenylcarbamido- cliicken-serum-proteins (1 : 100) and phenyicarbamiclo-gelatin (1: 500). 
Inhibiting substance: Neutralised 0*01 M solutions (in 0-9 % NaCl). 

Antiserum: Antiphenylcarbamido-horse-serum-globulin (No. 94). 

Temperature: 37° for the chicken-serum compound and 16° with phenylcarbamido -gelatin as 
antigen. 

Antigen 


Inhibiting substance 

NaCl 

Cystine (tyrosine, leucine, aspartic acid, a- 
and e- amino -/i-hexoic acids and lysine) 

'cystine 
tyrosine 
leucine 
aspartic acid 
a-amino-w-hexoie acid 
e-amino-%-hexoic acid 
lysine 
.lysine* 

[ cystine 
tyrosine 
leucine 
aspartic acid 
a-amino-w-hexoic acid 
\ e-amino-%-hexoie acid 


Phenylcarbamido - 
chicken-sermn-proteins 


Phenyl- 

carbamido-gelatin 


Phenylearbamido- 
acid correspond- -[ 
ing to 


p-Broniophenyl- 
carbamido-acid 
corresponding to 


Readings after: 



■■ ■ ^ 

4- 4 

r 

4* 

4 

+ + 

+ + 

4 


_ 

_ 



tr. 

tr. 

_ 

_ 

tr. 

tr. 

- 


4" 

u_ 

± 

dr 

~ 

~ 

— 

— 


- 

- 

- 

~ 

- 

_ 

- 


- 

- 

- 

tr. 

dr 

_ 

f.tr. 

tr. 

± 

f.tr. 

f.tr. 

± 

± 

_ 

_ 

_L_ 

± 

f.tr. 

f.tr. 

i 

dz 

- 

- 

- 

— 

— 

_ 

i hr. 

I hr. 

4 hr. 

I hr. 


* Cf. Note to Table I. 

A oie. Smaller amounts of the phenylcarbamido-acids derived from cystine, tyrosine, leucine, 
aspartic acid and a-amino-w-hexoic acid gave slight inhibition only, whereas with the compounds 
irom. lysme and e-ammo-w-hexoic acid the inhibition was still complete. 
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as inhibitors of the phenylcarbamido-preoipitin reaction. From the results of a 
typical experiment of this nature (cf. Table II), it appears that of these two 
monoamino-w-hexoic acids the €- compound is the one which most resembles the 
lysine compound in its inhibitory power. 

The results recorded in Table III are similar to those in Tables I and II. 

They show that all the phenylcarbamido-aeids tested have a marked inhibitory 
effect on the precipitin reaction between phenylcarbamido-proteins and corre- 
sponding antisera, whereas the amino -acids themselves are inactive. The phenyl- 
carbamido-acid derived from aspartic acid gave moderate inhibition only when 
compared with equivalent amounts of the corresponding compounds from 
glycine, cystine, etc., but this is probably due to the fact that the preparation 
obtained by the action of phenyl isocyanate on aspartic acid is not very pure, and 
the recrystallised material represents a mixture of the free acid and the hydantom 
[Paal and Zitelmann, 1903]. Thus all the phenylcarbamido-aeids with the 
exception of the aspartic acid derivative gave complete or almost complete 
inhibition in the concentration used in the experiment recorded in Table III. 

With more dilute solutions of the inhibiting substances, the lysine and c-amino- 
w-hexoic acid derivatives showed more marked inhibitory power than did those 
of the other amino-acids, as in the experiments recorded in Table IT. 

Table III also gives the results of tests with the p-bromophenylcarbamido- 
acids. These compounds, although not quite as effective as the corresponding 
phenyl compounds, possess a marked inhibitory capacity. The lysine derivative 
could not be used in these tests on account of its very slight solubility in water, 
but of the other compounds tested, the €-amino-«~hexoic acid derivative was 
most effective. The introduction of bromine into the benzene ring of the phenyl - 
carbamide -acids thus reduces somewhat but does not destroy the capacity of 
these substances to react with the antibodies to phenylcarbamido-proteins. The 
phenylcarbamido-aeids are able similarly to inhibit the precipitin reaction 
between p-bromophenylcarbamido-gelatin (or the corresponding horse-serum 
compound) and antibodies to phenylcarbamido-proteins. 

In Table IV a typical result is given showing the influence of some of the 
phenylcarbamido-aeids on complement fixation tests, the other derivatives not 

Table IV. Complement fixation tests (inhibition tests). 

Inhibiting substance 

' Phenylcarbamido-acid corresponding to 

a-Amino- e- Amino- f a- Amino- e-Amino- 

w-hexoic n-hexoic «-hexoi C n-boxoxc 

NaCl Glycine acid acid Lysine Glycine acid jwui 

Antigen dilution ( — A — \ e — A — \ t — A — i r — K — > <' K ^ r A ‘ f ' r } 

1:20 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

1:60 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 44 

1:180 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ^ 

1:540 - 2 2 4 3 4 4 4 4 4 4 4 4 4 4 4 1 

1:1620 ------- 1 - - £ * j 1 i 4 44 

1 ; 4,860 ~ ~ ~ ~ I I I I I I l I t I 3 4 i * 

1 * 14,580 — — — _ . f n i 4 4 4 

1 : 43,740 _„____-_--~o4l3 4 4 4 4 

1:131,220 - 1 - - - - ~ “ “ “ » \ i | 4 4 4 4 

1:393,660 2 4 " " " ~ _ " 7 ! ! 1 l •! 4 4 4 

1:1,180,980 4 4 — 1 — l. — ! ~7 \ f t a 1 4 4 4 4 

Control (NaCl) 4444444444444441. j 

Reading after (hr.) J 1 | J 1 i i i 1 i 1 - * - 4 " 

In the above table, 4 represents complete haemolysis, — no haemolysis, and 3, 2 and 1 

Phenylcarbamido-gelatin was the antigen used for these tests and the antiserum was one against plain Itai baimao mr,. 
serum-globulin. 
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quoted in this Table giving results similar to those with that prepared from gly- 
cine. Thus, these compounds are capable of effecting marked inhibition of the 
fixation of complement by mixtures of phenylcarbamido-gelatin and antisera to 
phenylcarbamido-pr oteins . This other type of inhibition test, involving inhibi- 
tion of complement fixation, appears to give even more conclusive results than 
do the corresponding precipitin inhibition tests, and they confirm the finding that 
the phenylcarbamido-acids from lysine and e-amino-w-hexoic acid are the most 
active of the amino-acid derivatives tested. In these complement fixation tests, 
as with the corresponding precipitin inhibition tests, experiments were made 
repeatedly to show that the inhibitory action of the phenylcarbamido-acids is 
specific, and that these compounds do not inhibit the interaction (in complement 
fixation and precipitin tests) between other antigens and their antibodies. 

Discussion. 

Specific inhibition of the precipitin reaction by simple substances was first 
described by Landsteiner [1920], and since then this reaction has been used 
with much success by Landsteiner and van der Scheer [1928; 1931; 1932, 1, 2] 
and hy other authors. Specific inhibition is obtained when the added substance 
contains a grouping identical with, or related to, that which is antigenically 
active in the antigen. Thus, p- amino- and p-bromo- benzoic acids inhibit the 
precipitin reaction between ^-aminobenzoic acid -azo- protein and its antibody, 
but much less inhibition is exerted by o-amino- or o-bromo-benzoic acid 
[Landsteiner, 1920]. In a similar manner, the reaction between azo-proteins 
formed by the coupling of a protein with diazotised aminobenzoyl-dipeptides 
(e.g. p-aminobenzoylglycylglycine) and antibodies to these compound proteins 
is specifically inhibited by the corresponding jp- amino- or _p-nitro-benzoyl- 
dipeptide [Landsteiner and van der Scheer, 1932, 1]. In many instances there- 
fore it has been shown that simple substances can unite w r ith antibodies and 
prevent, partially or completely, the reaction with the homologous antigen, and 
such tests are very helpful in studies on the interaction between antigen and 
antibody and in investigations concerned with immunological specificity. Such 
tests may also be used for more strictly chemical purposes. Thus, the inhibition 
of the reaction between iodinated proteins and their antisera by 3 : 5-dihalo- 
genated tyrosine furnished very strong evidence in support of the view that the 
method of iodination used resulted mainly in the introduction of two iodine 
atoms into the 3 : 5-positions of each tyrosine grouping [Wormall, 1930]. 

From the investigations referred to above it will be seen that these inhibition 
tests can reveal much about the nature of groupings in chemically altered 
proteins, or proteins to which new groupings have been attached, and it appears 
highly probable that they will help considerably in attempts to learn more about 
the intact protein molecule. The tests do not involve any drastic treatment of 
the material to be tested, and they also allow the recognition of substances which 
cannot readily be isolated in the pure condition. Thus “inert 55 substances do 
not interfere with the inhibitory action of other substances, e.g. the specific 
inhibition of the phenylcarbamido-precipitin reaction by phenylcarbamido-acids, 
described in this paper, is not affected by the presence of unchanged amino-acids, 
etc. The tests can readily be used, therefore, to detect the presence of certain 
substances-in a fairly complex mixture. They can also be used, in addition to the 
ordinary precipitin tests, in studies on spatial configuration [Landsteiner and 
van der Scheer, 1932, 3]. 

The work described in this paper has been concerned mainly with the free 
amino-groups of the protein molecule. Phenyl isocyanate readily reacts with 
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peptones as was shown by Paper [1907], who first described these compounds, 
and a similar reaction occurs with native proteins [Hopkins and Wormall, 
1933, 1,2]. The reaction with native proteins will obviously be more restricted, 
since the number of free amino-groups in the molecule of a protein of this type 
is usually rather small, and with a protein like zein, which is lacking in these 
basic groups, no reaction occurs. In the phenylearbamido-proteins therefore tbe 
new groups appear to be attacked to the free amino-groups only, and evidence of 
a chemical and immunological nature was put forward in support of the view 
that the main new grouping in these protein compounds is attached to the 
e-amino-group of lysine [Hopkins and Wormall, 1933, 1]. Lysine however is a 
diamino-acid (ae-diamino-w-hexoic acid), and it would be very helpful if we 
could determine whether the new groupings are attached to the a- or the e- or 
both the a- and e- amino-groups of the lysine molecules: in other 'words, which 
amino-groups are free in the intact protein. The chemical evidence available 
suggests that the free grouping is the e-ammo-group [cf. Van Slyke and Birchard, 
1913; Edlbacher, 1921; Goldschmidt and Kinsky, 1929; Kapfhammer, 1930; 
Abderhalden and Schweitzer, 1931]. 

This view about the free amino-groups of the intact protein molecule receives 
very strong support from the immunological evidence presented in this paper. 
Inhibition tests (precipitin and complement fixation) show that ae-diphenyl- 
carbamido -?£-hexoic acid combines very readily with antibodies to phenyl- 
earbamido-proteins, and that similar phenylcarbamido- acids derived from the 
common amino-acids (glycine, cystine, tyrosine, etc.), although they are quite 
active in this respect, do not show by any means the same degree of activity as 
the lysine derivative. Furthermore, a comparison of the phenylcarbamid o-aeids 
from a- and e-amino-%-hexoic acids has demonstrated that the latter behaves 
like the lysine derivative and the former like those of the other amino -acids. 
Thus the configuration of e-phenylcarbamido-?i-hexoic acid shows most resem- 
blance to that configuration in phenylearbamido-proteins which reacts with 
phenylcarbamido-antibodies, which leads one to the conclusion that a large 
number of the e-amino-groups of the lysine components of the protein are free. 
The marked difference between the inhibitory powers of the lysine and the 
6-amino-n-hexoic acid derivatives on the one hand, and derivatives of the 
other amino -acids on the other, suggests that the majority, if not all, of 
the 6-amino-groups of the' lysine are free, but this conclusion must await 
further experimental evidence. Although this particular problem might not 
be capable of final solution by serological tests similar to those used in this 
investigation, sufficient has been said here to indicate the value of such tests 
in studies on the chemistry of proteins. 

Summary. 

1. Phenyl and y-bromophenyl isocyanate derivatives of several amino-acids 
have been prepared, including those of x- and e-amino-a-hexoic acids. 

2. Inhibition by these phenylcarbamido-acids of the precipitin reaction 
between phenylearbamido-proteins and the corresponding antisera has been 
studied. Similar inhibition of the complement fixation reactions has been 

obtained. . . . , . 

3. The phenylcarbamido-acids from lysine and e-amino-w-hexoic acid give 
complete inhibition, whereas equivalent amounts of the derivatives of x- 
amino-M-hexoie acid, leucine, alanine, tyrosine, etc., give moderate inhibition 
only. 
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4. These serological inhibition tests offer , therefore, strong support for the 
view that the free amino-groups of the intact protein molecule are the e-amino- 
groups of the lysine molecules. 

One of the authors (A. W.) is indebted to the Medical Research Council for a 
part-time personal grant and for a grant which has, in part, defrayed the 
expenses of this research. 

REFERENCES. 

Abderlialden and. Schweitzer (1931). Fexmentforsch. 12, 350. 

Edlbacher (1921). Z. physiol. Cham. 112, 80; 116, 228. 

Goldschmidt and ICinsky (1029). Z . physiol. Ghem. 183, 244. 

Hopkins and Wormall (1933, 1). Biochem. J. 27, 740. 

(1933, 2). Biochem. J. 27, 1706. 

Kapfhammer (1930). Z. physiol. Ghem. 191, 112. 

Landsteiner (1920). Biochem. Z. 104, 280. 

and van der Scheer (1928). J. Exp. Med. 48, 315. 

(1931). J. Exp. Med. 54, 295. 

(1932, 1). J. Exp. Med. 55, 781. 

“(1932, 2). Proc. Soc. Exp. Biol, Med. 29, 747; ,/» Exp. Med, 56, 399. 

(1932, 3). Proc. Soc. Exp. Biol Med. 29, 1261. 

Paal and Zitelmann (1903). Bex. deutsch . chem. Ges. 36, 3337. 

Raper (1907). Hofmeisters Bdtrage , 9, 168. 

Van Slyke and Birchard (1913). J. Biol Ghem. 16, 539. 

Wormall (1930). J. Exp. Med. 51, 295. 


XXXII. STUDIES ON XANTHINE OXIDASE. 

XL XANTHINE OXIDASE AND LACTOFLAVINE. 


By DAVID EZRA GREEN and MALCOLM DIXON. 

From the Biochemical Laboratory , Cambridge . 

(. Received January 2nd , 1934.) 

Until recently the view w T as held by many that molecular oxygen cannot react 
directly with the reducing systems of the cell hut requires the intermediation of 
catalytic iron. Experiments on oxidase systems extracted from cells seemed to 
support this view. The succinic oxidase of muscle, for instance, as shown by 
Thunberg [1917] and others, will reduce methylene blue or oxygen in presence 
of succinate, but if a small amount of HCN is added all power of reducing 
oxygen is lost, while methylene blue is still reduced with the same velocity as 
before. This was interpreted as being due to the inactivation of the iron com- 
pound acting as an intermediary between the activated substrate and molecular 
oxygen. 

The xanthine oxidase of milk and liver was however shown by Dixon and 
Thurlow [1925] to be unaffected by HCN, both with respect to methylene blue 
reduction and oxygen uptake. This system was therefore assumed to act in 
accordance with Wieland’s theory of oxidation, in which molecular oxygen acts 
as a direct acceptor of the hydrogen of the substrate molecule. 

The work of Warburg and Christian [1932] has shown the existence of 
another type of compound in cells which functions as an intermediary between 
the reducing systems and oxygen. This is a yellow pigment which does not con- 
tain iron or any other metal. It is rapidly reducible by the hexosemonophosphate 
dehydrogenase system isolated from several kinds of cells and is then reoxidised 
by molecular oxygen with the formation of H 2 0 2 ; it can function eatalytically 
even in the presence of HCN. 

The recent researches of Kuhn et al. [1933] and Stem [1933] have shown that 
yellow pigments of this type, now known as flavines, occur in both milk and 
liver, and the possibility therefore arose that in the xanthine oxidase system 
prepared from these sources the oxygen reacted directly with the leuco-form 
of the yellow r pigment and not directly with the substrate. The formation of 
H 2 0 2 observed by Thurlow [1925] in this system might be accounted for by this 
reaction. If such were the case the xanthine oxidase could no longer be regarded 
as supporting the Wieland view. 

It therefore became important to ascertain whether the uptake of oxygen 
by the xanthine oxidase system was dependent upon the presence of such yellow 

pigments. , 

This question could be settled experimentally in the following ways. (1) By 
complete removal of yellow pigment from xanthine oxidase preparations. This 
should abolish the power of taking up oxygen. (2) By addition of yellow pigment 
to pigment-free preparations, which should increase the rate of oxygen uptake. 
(3) By determi nin g the ratio, rate of methylene blue reduction/rate of oxygen 
uptake, in a number of xanthine oxidase preparations prepared in different ways, 
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and comparing its value with the pigment content of the preparations. The 
smaller the pigment content, the larger should be the ratio. (4) By determining 
the power of the oxidase to reduce the yellow pigment. 

Experimental methods. 

Preparations of xanthine oxidase. 

A. Caseinogen preparation [Dixon and Thurlow, 1924, 1]. 

The enzyme is precipitated together with the caseinogen and fat by half- 
saturation of the milk with ammonium sulphate. The fat is removed from the 
dried precipitate by thorough extraction with ether. 

B. Cream preparation [Toyama, 1933]. 

Cream is separated from milk. The fat is dissolved away with ether, and the 
protein residue is dried in the desiccator. 

C 1. Whey preparation [Dixon and Kodama, 1926]. 

Fresh milk is clotted by rennin, the enzyme precipitated from the whey by 
half-saturation with ammonium sulphate and the precipitate extracted with 
ether and dried. 

C 2. Charcoal-treated ivhey preparation [Dixon and Kodama, 1926], 

A solution of the C 1 preparation is treated twice with Merck’s medicinal 
charcoal, and the enzyme is precipitated from the clear filtrate with ammonium 
sulphate. Most of the protein and all the yellow pigment are removed by this 
procedure. 

C 3. Kaolin-treated whey preparation [Dixon and Kodama, 1926]. 

The enzyme is adsorbed from a solution of the C 1 preparation at p H 5 with 
kaolin and subsequently eluted from the kaolin with 1 % Na 2 C0 3 . It is then 
precipitated as before with ammonium sulphate. This procedure also removes 
most of the protein and all the yellow pigment. 

C 4. Fuller's earth-treated whey preparation . 

Fuller’s earth is known to adsorb the yellow pigment strongly and is used for 
its concentration from milk. A solution of the C 1 preparation is treated twice 
with fuller’s earth (Boots). The filtrate contains practically all the enzyme, no 
yellow pigment and about half the original protein. The enzyme is precipitated 
as before with ammonium sulphate. 

D. Sodium chloride preparation (Dixon and Lemberg, unpublished) . 

The caseinogen and fat are precipitated from milk with sodium chloride, 
leaving the enzyme in solution, from which it is precipitated with ammonium 
sulphate. This gives a preparation of high activity containing a small amount of 
the yellow pigment. The complete details of the method will be published 
shortly. 

Preparation of lactoflavine . 

Ten litres of milk were acidified to p K 4*6 with glacial acetic acid, and the 
caseinogen was filtered off. The filtrate was mixed with 500 g. of fuller’s earth, 
which was filtered off after 1 hour and washed three times with 1 litre of distilled 
water and twice with 1 litre of ethyl alcohol. The lactoflavine was then eluted, 
following the procedure of Kuhn et ah, with a mixture of pyridine, acetic acid 
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and methyl alcohol. After centrifuging off the fuller’s earth, the yellow solution 
was concentrated in vacuo to about 25 ml. and mixed with an equal volume of 
distilled water. The solution was then thoroughly extracted with ether, the 
yellow pigment remaining in the aqueous solution. ' The small precipitate which 
formed was filtered off. An equal volume of methyl alcohol was then added to 
the opalescent solution, causing the precipitation of a small amount of colloidal 
fuller’s earth, which was filtered off. The yellow solution at this stage was 
perfectly clear and fluoresced strongly. It was then concentrated in vacuo to 
about 15 ml. and mixed with 10 volumes of acetone. The whole solution set to a 
gel, which could be easily broken up and filtered. The clear filtrate was again con- 
centrated in vacuo to 15ml., and phosphate solution (p H about 74) was added until 
no more precipitate was formed. The precipitate was filtered off and the filtrate 
used in subsequent experiments. By colorimetric comparison with a lactoflavine 
solution of known concentration kindly given to us by Dr Gyorgy it was found 
that the solution contained 50y of lactoflavine per ml. The yield from 10 litres 
of milk was therefore 1 mg. of lactoflavine. 

Detection of lactoflavine in xanthine oxidase preparations . 

The dried enzyme preparations were extracted with small volumes of either 
methyl alcohol or pyridine, and the extracts were examined for greenish 
fluorescence in a strong beam of ultra-violet radiation, obtained from a mercury 
arc lamp with a nickel oxide filter. This test is exceedingly delicate, particularly 
when methyl alcohol is used, and O-05y of lactoflavine per g. of enzyme prepara- 
tion can be detected with ease. In some cases aqueous solutions of the prepara- 
tions were also tested for fluorescence. 

Measurement of rate of reduction of methylene blue. 

For the Thunberg technique to serve as a quantitative measure of the rate of 
reduction of methylene blue, the following conditions must be fulfilled. (1) The 
solutions must be completely freed from all traces of dissolved oxygen. (2) The 
substrate must not be mixed with the enzyme solution prior to evacuation of the 
tubes. (3) Temperature equilibrium must be attained by the tubes before the 
experiment begins. 

The procedure adopted was as follows. Thunberg tubes of the Keilin type 
were used, and the hypoxanthine was placed in the hollow stopper. Four tubes 
were used for each determination. These were evacuated simultaneously with a 
water-pump, filled with oxygen-free nitrogen from a reservoir and allowed to 
come into equilibrium with the gas before being again exhausted. This process 
was twice repeated. The tubes were placed in a thermostat at 37°. The stoppers 
were worked in and the side-tubes filled with water in order to prevent air 
leakage. After three minutes the tubes were tilted simultaneously so as to mix 
the enzyme and substrate. By this procedure duplicates were found to agree 
to within 5 % in all cases. 

The xanthine oxidase presents special difficulties in the determination of the 
rate of reduction of methylene blue, owing to the peculiar effects which are 
produced by changes of substrate concentration. Dixon and Thiuiow [1924, 2] 
: showed that over a certain range of hypoxanthine concentration the rate is 

maximum and independent of the concentration, but that with higher con- 
centrations of substrate an inhibition ensues. A single determination, therefore, 
is insufficient to determine the true activity of the enzyme, and it is necessary in 
every case to work with two different concentrations of hypoxanthine, in order 
f to ensure that the maximum rate is being measured. 
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The strength of the methylene blue solution used was determined, by 
colorimetric comparison with a standard solution of a twice reerystallised 
specimen of pure medicinal methylene blue of known nitrogen and moisture 
content. 

Measurement of rate of uptake of oxygen. 

The measurements were carried out in the Bar croft apparatus at 37 by the 
usual technique [Dixon, 1934 ]. The hypoxanthine was placed in Keilin tubes 
and mixed with the enzyme only after temperature equilibrium was attained. 
Air, and not oxygen, was used in the flasks, as control experiments showed that 
the 5 rate was independent of the partial pressure of oxygen within wide limits. 
Any traces of C0 2 were absorbed by KOH-papers in the usual way. Here again 
experiments with different hypoxanthine concentrations must be carried out, 
as the effects of substrate concentration are similar to those observed with 
methylene blue. 

Procedure. 

Suitable amounts of dried enzyme powder were dissolved in lf/5 phosphate 
buffer (p H 7*77) and diluted so as to give convenient rates of reduction. Barcroft 
and Thunberg experiments were carried out simultaneously, and each experi- 
ment was always done in duplicate. 


Experimental results. 


The yellow pigment can be removed from the oxidase preparations by 
adsorption with charcoal, kaolin or fuller s earth, and also by dialysis. Eoi 
instance, one adsorption by any of these adsorbents is sufficient to remove the 
pigment from the C 1 preparation so completely that no trace can be detected by 
the fluorescence test when the oxidase is subsequently precipitated and 5 g. of 
the dried precipitate extracted with methyl alcohol. Nevertheless, after three 
successive treatments with charcoal the enzyme is found to have lost none of its 
power of taking up oxygen, and treatment with kaolin or fuller’s earth likewise 
leaves the rate of oxygen uptake unaffected. It is therefore clear that the oxygen 
uptake does not depend upon the presence of lactoflavine. 

In order to determine whether the pigment influences the rate of oxygen 
uptake hi any way, the ratio, rate of methylene blue reduction/rate of oxygen 
uptake, was determined for the various preparations of the oxidase and com- 
pared with their content of yellow pigment. The results are summarised in 
Table I. 

Table I. 


Preparation 

Degree of 
concentration 
of oxidase 

Presence of 
lactoflavine 

m.b. reduced 
in 20 mins. 
(mm. 3 O a ) 

0 2 absorbed 
in 20 mins. 
(mm. 3 ) 

Ratio 

Milk 

I 

+ + + + 

76 

125 

0-61 

A 

30 

+ + 4- 

19 

34 

0*56 

B 

400 

- 

36 

63 

0-57 

C I 

500 

+ ? 

230 

328 

0-70 

C 2 

2000 

_ 

98 

174 

0-56 

C 3 

2000 

- 

111 

181 

0-61 

C 4 

1000 

_ 

87 

119 

0*73 

I) 

2000 

+ 

195 

322 

0-61 


The figures given in the second column of the table represent very approxi- 
mately the degree of concentration given by the different methods of preparation, 
i.e. they give the number of units of enzyme in 1 g. of the solid compared with 
1 g. of the original milk. A minus sign in the third column means that no trace 
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of lactofiavine could be detected in 5 g. of the solid by the procedure given above. 
The amounts of methylene blue reduced have been expressed in mm. 3 of oxygen, 
on the assumption that one molecule of methylene blue is equivalent to one 
atom of oxygen, in order to be able to compare the two rates. The figures given 
in the fourth column represent the amounts which 2-5 ml. of enzyme solution 
would reduce in 20 minutes, calculated from the observed rate of reduction of 
1 ml. of methylene blue (Jf/1500). The amounts of oxygen given in the fifth 
column are obtained from the initial linear portions of the oxygen uptake curves 
and represent the amounts absorbed by 2-5 ml. of the enzyme solutions m 
20 minutes at the same temperature. Since the solutions of the various prepara- 
tions of enzyme were arbitrarily diluted to different extents, so as to give con- 
venient rates, the figures given in columns 4 and 5 give no index of the relative 
activities of the different preparations in the solid state and cannot be compared 

with one another. , . . . , , , 

It will be seen that the ratio of the two velocities remains remarkably con- 
stant, in spite of wide variations in the content of lactofiavine. _ 

The addition of concentrated lactofiavine solution to preparations which had 
been freed from yellow pigment by dialysis or adsorption produced no increase 
in the rate of oxygen uptake, as shown in Tables II and III. 


Table II. 


Barer oft manometer 
Dialysed oxidase (preparation A) (ml.) 
Hypoxanthine (5 mg./ml.) (ml.) 
Lactofiavine (0-00016 M) (ml.) 

Water (ml.) . 

O, uptake in 20 mms. (mm. 3 ) 


1 

2-5 

0-2 

0-3 

38-0 


Barcroft manometer 

Oxidase (preparation 0 2) (ml.) 
Hypoxanthine (5 mg./ml.) (ml) 
Lactofiavine (0*00016 1/) (ml) 
Water (ml) . / 

O, uptake in 10 mms. (mm. 3 ) 


Thunherg tube 

Oxidase (preparation A) (ml) 
Hypoxanthine (5 mg./ml) (ml) 
Lactofiavine (0*00016 M) (ml) 
Methylene blue (0*00034 M) (nil) 
Reduction time 


Table III. 


2*o 

0*2 

0*3 

81*7 


Table IV. 


1 

1*0 

0*2 

1*0 

35 mins. 


2 

3 

4 

2*5 

2*5 

2*5 

0*2 

0*2 

A. 9 

0*2 

0*2 

0*3 

0*1 

0*1 

37*4 

35*7 

36*6 

2 

3 

4 

2*5 

2*5 

2*5 

0*2 

0*2 

0*2 


0*2 

0*2 

0*3 

0*1 

0*1 

74*5 

79*6 

79*8 

o 

& 

3 

4 

1*0 

0*2 

1*0 

1*0 

0*2 

0*2 

1*0 

— 

— 


1*0 

1*0 

36 mins. 

70 secs. 

70 secs. 


easily calculated that lactofiavine is reduced with a velocity of only l/b4th 
that of methylene blue reduction. 

Biochem. 1934 xxviit 
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Discussion. 

The results given above show clearly that lactoflavine plays no part in the 
oxygen uptake by the xanthine oxidase. The rate of uptake is unaffected alike 
by complete removal and by addition of the pigment, and the ratio of the reaction 
rates with methylene blue and oxygen does not change with the pigment content. 

An incredibly high catalytic activity would have to be assumed if traces of 
the yellow pigment, too small to be detected, are to account for the observed 
oxygen uptake. In preparation G 3, for example, certainly less than 0*05y per g. 
was present. 10 mg. of the preparation, containing less than 0*0G05y of facto- 
flavine, were used in the experiment given in Table I, and took up 181 mm. 3 in 
20 minutes, or 9 mm. 3 per minute. As 0-0005y of . lactoflavine is equivalent to 
0*000015 mm. 3 of oxygen, the lactoflavine would have to be reduced and 
oxidised 600,000 times per minute in order to account for the oxygen uptake, 
whereas Warburg and Christian found that the corresponding catalytic flavines 
of bottom yeast and lactic acid bacteria were reduced and oxidised only 24 and 
30 times per minute respectively. 

The observed rate of reduction of lactoflavine by xanthine oxidase also 
shows that it cannot account for the oxygen uptake. Table IV shows that an 
amount of lactoflavine corresponding to 1*8 mm. 3 of oxygen was reduced in 
35 minutes. In the same period this solution of oxidase would have taken up 
about 210 mm. 3 of oxygen, so that it is clear that even this relatively large 
amount of pigment could only account for less than 1 % of the oxygen uptake. 

Since Dixon and Thurlow showed that the xanthine oxidase differed from the 
majority of the oxidases, in that its ability to react with molecular oxygen was 
not inhibited by HCN, it has been regarded, in common with the other cyanide - 
stable respiration systems, as a case in which the oxygen reacted directly with the 
activated substrate molecules in accordance with Wieland’s theory. Warburg 
and Christian [1933] have, however, shown that at any rate in some of these 
cases, which the haematin catalysis theory could not explain, the oxygen uptake 
could be accounted for by the action of catalytic flavines (which are resistant to 
cyanide), the oxygen reacting with these and not directly with the organic 
substrates. 

Warburg and Christian assert that, just as the Wieland theory is wrong in all 
those cases in which the respiration is inhibited by HCN (for the oxygen then 
reacts, not with the substrate, but with the reduced form of a haematin), it is no 
less wrong in those (rarer) cases in which the respiration is not inhibited by HCN 
(for the oxygen then reacts, again not with the substrate, but with the leuco- 
form of the flavine) ; and they state that the idea of a direct reaction of molecular 
oxygen with the substrate must now be abandoned. 

In the xanthine oxidase, however, we have an oxidase system whose oxygen 
uptake is due neither to haematin nor to flavine, but apparently to a direct 
reaction of oxygen with the activated substrate molecules. 

SUMMABY. 

The ability of the xanthine oxidase of milk to react with molecular oxygen is 
not dependent upon the presence of lactoflavine. In this system the molecular 
oxygen probably reacts directly with the activated substrate molecules. 

One of us (D. E. G.) wishes to thank the Trustees of the George Henry 
Lewes fund for a research grant. 
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XXXIII. STUDIES IN TISSUE METABOLISM. 
III. THE EFFECT OF OXIDISED 
1:2:5: 6-DIBENZANTHRACENE. 



By ERIC BOYLAND and MARGARET ESTHER BOYLAND. 

From the Research Institute , The Cancer Hospital (Free), London. 

(Received January 2nd , 1934.) 

By means of the Thunberg technique oxidation products of carcinogenic hydro- 
carbons were shown to inhibit lactic and succinic dehydrogenases of yeast and 
muscle extracts in the presence of methylene blue as hydrogen acceptor [Boyland, 
1933]. Qualitative examination of the effect on the oxidation of p-phenylene- 
diamine by washed tissue indicated that these hydrocarbons did not inhibit 
indopheno! oxidase. The enzymes used in the previous experiments had been 
used in the form of extracts. The object of the present work was the investigation 
of the effect of a water-soluble oxidation product of the carcinogenic hydro- 
carbon, 1:2: 5: 6-dibenzanthracene [Cook et al. , 1932] on the respiration and 
anaerobic glycolysis of surviving animal tissues (normal organs and tumours of rat 
and mouse) using the Warburg technique. The tissues were suspended in Ringer- 
phosphate or Jf/15 phosphate solutions (p H 7*3), either in slices less than 0*4 mm. 
thick or finely minced, in the vessels of a Warburg apparatus ; the amounts of 
oxygen absorbed and the anaerobic glycolysis were measured in the presence of 
varying concentrations of the oxidation product. 

Expebimental. 

1 : 2 : 5 : 6-Dibenzanthracene (0*1 % in benzene) was oxidised by passing a 
stream of oxygen through the solution while exposed to ultra-violet light for 
48 hours. A light brown precipitate was formed, and the solution became darker. 
The precipitate and solution were extracted with aqueous 2N NaOH, and the ex- 
tract was precipitated with cold hydrochloric acid. The brown precipitate was 
washed with water and dried ; weighed quantities were dissolved either (1) in phos- 
phate buffer solution ( M/5 ; final p H 7*3) for determination of respiration or (2) in 
0*82 % Na 2 C0 3 solution, neutralised with C0 2 gas, for measurement of glycolysis. 
In some cases the precipitate never entirely dissolved; this was due to the in- 
stability of the oxidation product, which in certain circumstances partially changes 
to an insoluble substance. Concentrations quoted below are therefore only 
approximate. 

Measurement of metabolism. 

The standard Warburg apparatus was used, with simple conical vessels with 
inset trough and side-arm. Eor respiration, 0*1 ml. of 2 N NaOH was placed in 
the central trough, and the tissue in ilf/15 phosphate or Ringer-phosphate was 
contained in the main vessel. In some cases the oxidised dibenzanthracene 
solutions and substrate were also placed in the main vessel. When tissue slices 
were used it was however found advisable to measure the respiration in Ringer 
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alone for a certain time (h to I hour) before adding the substrates and different 
concentrations of oxidation product from the side vessels. The reason for this was 
that variations up to 15 % occurred in the respiration of tissues from any one 
animal. Brain, and tumours containing much blood or necrotic material, showed 
variations outside these limits. The respiration was in all cases measured in 
oxygen which was passed through the vessels for 20 seconds before closing the 
taps. Tissues were minced finely with scissors and 0T or 0*2 g. suspended in 11/ 15 
phosphate in the Warburg vessels, or slices were prepared according to Warburg 
[1923] and the dry weights determined at the end of the experiment. In each set 
of experiments there was one thermobarometer, one vessel containing a sample 
of tissue in Ringer-phosphate (or phosphate) alone and another the same with 
lithium lactate or sodium succinate (final concentration 11/100). The remaining 
vessels contained in addition varying concentrations of oxidised dibenzanthracene . 

A typical experiment was as follows: 


Side vessel 


Vessel 

Main 

vessel 

Ringer- 

phosphate 

f 

Lactate 

Oxidised 
dibenzanthra- 
cene in 
phosphate 

Phosphate 

Inset 
2N NaOH 

No. 

ml. 

ml. 

ml. 

ml 

ml. 

1 

1 





— 

— . 

2 

0-6 

— 

— 

03 

Ol 

3 

0*6 

0*1 


+OI H a O 
03 

Ol 

4 

0-6 

0-1 

0-1 

0*2 

Ol 

5 

0-6 

0*1 

0-2 

0-1 

Ol 

6 

0-6 

0-1 

03 

— 

Ol 


The vessels after being filled with oxygen were shaken for 15 minutes in the 
thermostat to reach temperature equilibrium, and then readings were taken every 
10 or 15 min utes, generally for an hour, before tipping in the solutions from the 
side vessels. When minced tissue was used it was found unnecessary to determine 
the normal respiration as there were negligible differences between duplicate 
experiments; in these cases all the solutions were from the beginning in the main 
vessels with the tissue. For determination of glycolysis, the tissue was suspended 
in Ringer-bicarbonate containing glucose, and the dibenzanthracene derivative 
was dissolved in bicarbonate. A mixture of 95 % nitrogen and 5 % carbon 
dioxide was passed through the vessels for a minute at the beginning of an 
experiment. 

A few sets of experiments on respiration and glycolysis were carried out under 
aseptic conditions, and cultures were made at the end of the experiment to test 
the sterility. In no case did the comparison of these and other experiments show 
differences which could be ascribed to bacterial contamination. 

Results. 

A. Normal tissues . 

Muscle. Minced voluntary muscle of the rat in JT/15 phosphate was used for the 
determination of respiration and anaerobic glycolysis at 25°. In one series of 
experiments on respiration, diaphragm muscle (rat) at 37*5° in Ringer-phosphate 
was used. 

The tables show that a concentration of 0*02 % of oxidised dibenzanthracene 
reduced the oxygen consumption by a third in the first hour, and 0*3 % by 55 %. 
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Table I. Minced rat muscle in Mjl5 phosphate (p H 7-3) at 25° 


Qo 2 

Concentration of oxidised dibenzanthracene 


Hour 

0 

; -A. 

0*01 % 

0*02% 0*08% 

1 

37*5 

31*0 

25*0 20*2 

2 

18*7 

17*5 

11*2 7*2 

3 

7*0 

7*5 

4*0 4*0 


Table II. Minced mi muscle in 

Ringer at 25°. 


Hour 

1 

2 

3 


Hour 

1 

2 


Qo 2 in Ringer-phosphate 
Concentration of oxidised dibenzanthracene 


0 

0*1 % 

0-3 % 

25*0 

14*3 

11*3 

20*5 

9*5 

4*0 

12*8 

7*5 

2*0 


Q ha Ringer-bicarbonate 


Concentration of oxidised dibenzanthracene 

— — a 


0-1 % 0-2 % 

0*3 % 

l 

18-8 20-0 

4*6 

► 

6-3 3-8 

0*0 


Table III. Hat diaphragm in Ringer-phosphate at 37-5° 

Qo 2 


Hour 

1 


U ’ 6 H-5 12-5 10-0 

Concentration of oxidised dibenzanthracene 


0-03 % 

9-0 

8-6 

7*5 


% decrease calculated on 1st hour 
lb 22 38 


0-09 % 

5*7 

5*2 

3-8 


stopped respiratio " “ d h *“ 

As the glycolysis of minced rat muscle was inhibited by the oxidised 1 • ? • « • « 

pronounced inhibition of the lactic acid formation are given in Tables IV (a) 
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Table IV (a). 5 ml. undialysed rat muscle extract incubated 2 hours at 37°. 


Unincubated 

Incubated with adenylpyrophosphate +MgCLj 


+ glycogen 


Oxidised 

l:2:5:6- 


% inhibi- 

dibenz- 


tion of 

anthracene 

mg. lactic 

lactic acid 

o/ 

/o 

acid 

formation 


9*76 



10*13 



17*64 


+ 0*002 

17*37 ' 

3*6 

+ 0*004 

16*05 

21 

+ 0*012 

11*85 

77 


Table IV (6). 5 ml, rat muscle extract dialysed for 3 hours at 0 l0 , 
incubated 2 hours at 37°, 


Oxidised 

1:2:5:6- 

dibenz- 


% inhibi- 


Unincubated extract 
Incubated with adenylpyrophosphate and MgCl 2 


+ glycogen 


anthracene 

mg. lactic 

lactic acid 

0/ 

/o 

acid 

formation 


1*34 



1*66 



5*12 


+ 0*002 

4*39 

21 

+ 0*004 

3*27 

54 

+ 0*012 

2*37 

78 


Liver. All samples in the following tables, except those marked “ No lactate ” 
(or “No succinate ”) had an addition of M/100 lactate (or M/100 succinate) after 
an hour. 

Table V. Rat liver slices in Ringer -phosphate at 37 °. 

Qo z 


jSTo lactate 
Hour 0 


Concentration of 
oxidised dibenzanthracene 


Hour 


4-3 

3-4 

3-3 


0 

0*002 % 

0*005 % 

0*01 % 

7*3 

7*5 

6*2 

3*4 

6*6 

6*5 

5*0 

2*0 

6*2 

5*0 

4*7 

1*6 

liver slices 

in Ringer-phosphate 

at 37°, 


Qoc, 


l 

9*3 

No lactate 

0 

9*1 

8*2 9*3 

Concentration of 
oxidised dibenzanthracene 

8*3 


c 

0 

0*1 % 

0*2 % 

0-3% 

2 

9*3 

10*0 

8*6 

9*8 

7*1 

3 

8*5 

8*7 

8*1 

8*9 

6*2 

4 

7*8 

8*1 

7*5 

7*6 

5*7 

2 

% 

0 

difference, 
+ 10 

calculated on 
+ 5 

1st hour 

+ 5 

-14 

3 

-8 ■ 

-4 

-1 

-4 

-25 

4 

-16 

-11 

-8 

-18 

-31 


248 


E. BOYLAND AND M. E. BOYLAND 



Tables V and VI are typical of ten experiments on liver. Table V shows, that 
the respiration was increased 70 % by the addition of lactate, and that the 
dibenzanthracene derivative greatly reduced the oxygen uptake. In the experi- 
ment represented by Table VI, on the other hand, the respiration was very 
slightly increased by lactate, and the inhibition was also less. The mean of six 
sets of experiments shows almost equal increase of respiration due to added 
lactate, and decrease due to the presence of oxidised dibenzanthracene, indicating 
that it is mainly lactic oxidation which is inhibited. 

Kidney. Sections from rat kidney cortex were used to investigate the effect of the 
oxidised hydrocarbon on lactate and on succinate oxidation. As the normal 
respiration of kidney is higher than that of liver thinner sections (0T5-0°3 mm.) 
were used. 

Concentration 
of oxidised 
dibenzanthracene 
0 


0*017% 

0-033% 

0 (no added lactate) 
0-05% 


Addition of pgQ lactate 


and oxidised dibenzanthracene 

1 I 


’ 0 1 2' 3 hours 

Fig. 1. Respiration of kidney slices in Ringer-phosphate at 37*5°. 


Table VII. Bat kidney slices in Ringer-phosphate { with lactate ) at 37-5° 

Hour t ^° 2 


1 

20-7 

19-0 


No lactate 




0 

0 

2 

16-2 

26-5 

5 

8-3 

17-2 

2 

-22 

+40 

i 

-60 

-9 


21-5 

22-5 

20-0 

22*5 

22*6 

25 *5 

21*9 

Concentration of oxidised dibenzanthracene 

_ A _ . 


0 

0-005 % 

0-01 % 

0*02 % 

0*05 °/ 0 

o-i% 

0*2% 

25*5 

28-0 

23-5 

23*0 

22*2 

25*0 

17*8 

20-0 

20*2 

16-5 

16*8 

15*0 

17*5 

12*2 

, difference calculated on 

1st hour 




+ 19 

+ 22 

+ 17 

+ 2 

- 2 

— 2 

-19 

-7 

-11 

-17 

-25 

-34 

-31 

-45 
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Table VIII. Bat kidney slices in Ringer -phosphate (with succinate) at 37-5° . 

Qo» 


Hour 

1 


16*8 


18*0 17*8 15*5 16*8 

Concentration of oxidised dibenzanthracene 



No succinate 

0 

0*017 % 

0*033 % 

0*05 % 

2 

13*9 

31*5 

25*1 

18*8 

21*8 

3 

8*8 

16*5 

15*0 

11*2 

11*8 



% difference, calculated on 1st hour 


2 

-17 

4-75 

4-41 

4-21 

4-30 

3 

-48 

-8 

-16 

-28 

-30 


Tables VII and VIII sbow that a concentration of 0-02 % of the benzanthra- 
cene derivative has a measurable effect on lactate oxidation. Table VII shows that 
within the experimental error Increasing concentrations from. 0*001 up to 0*2 % 
show a steadily increasing effect. A concentration of 0*033 % has an inhibitory 
effect on succinic oxidation. 

Brain. A modification of the technique used by Quastel [1932] was employed in 
a few sets of experiments on minced rat’s brain. The tissue was allowed to respire 
In phosphate solution for 2 hours before the lactate and the solutions of oxidised 
dibenzanthracene were added. The respiration fell rapidly during the first hour 
and then became more uniform, though still falling slowly. The normal respira- 

Table IX. Bat brain minced in M/15 phosphate (dry weights 
taken as 1/5 wet weights) at 37-5°. 


Hour 


Qo» 


2 

19*2 

17*7 

17*0 

18*0 

17*5 



Concentration of oxidised dibenzanthracene 

.. _ A. 


No lactate 

( 

0 

0*005 % 

0*01 % 

0*02 % 

3 

11*1 

18*5 

21*2 

17*9 

16*5 

4 

8*1 

16*8 

19*8 

17*2 

11*8 



% difference, calculated on 2nd hour 


3 

-42 

4-4 

4-25 

-1 

-5 

4 

-58 

-5 

4-16 

-4 

-33 


Table X. Bat brain slices in Ringer-phosphate (from dry weights, 
brain dried at 50°) at 37-5°. 

Qoo 


"l 

6*0 

5*0 

6*5 

7*8 

5*1 



Concentration of oxidised dibenzanthracene 

A 


No lactate 

b 

0*017 % 

0*033 % 

0*05 % 

2 

3*3 

5*4 

6*3 

8*0 

4*2 

5 

1*4 

4*3 

5*0 

5*8 

2*6 



% difference, calculated on 

1st hour 


2 

-45 

4-8 

-3 

4-2 

-18 

3 

-77 

-14 

-23 

-25 

-49 


250 


E. BOYLAND AND M. E. BOYLAJSTD 



Table XI. Rat brain slices in Ringer-bicarbonate (from dry weights, 
brain dried at room temperature) at 37-5°. 


Q S 2 

Concentration of oxidised dibenzanthracene 


Hour 

1 

2 


0-03 % 

6*4 

3-9 


0*1 % 

4*4 

2*3 


Table XII. Rat brain slices in Ringer-bicarbonate ( from dry weights, 
brain dried at room, temperature) at 37-5°. 


Concentration of oxidised dibenzanthracene 


Hour 

1 

2 


0*03 % 

6*0 

4*3 


0*1 % 

6*2 

5*0 


0’3% 

5*4 

3*5 


tion was taken as that during the second hour and the respiration in subsequent 
hours compared with it Respiration and glycolysis were also investigated for 

«™l n I 1 "® 8 the S^ 001 ^ 0 activity of brain decreased rapidly with 

time, the oxidised dibenzanthracene was in contact with the tissue from the 
beginning in the glycolysis experiments. Though this lessens the accuracy of the 
determinatmns the effect found was so large as to be outside the possible error. 

tTwSttttTi! f^ er at 60 ° OT at room temperature in a desiccator. 
0-02 o/ 1X Sh ° W that the mmimum concentration to show an effect is about 

B. Malignant tissues. 

ra ^ sa,rcoma (J*B.S.)j and C 63 x , a transplantable mammary card- 
21 S m ° USe> Wer f usad m this work - In addition three strains of trans- 
resnSon audT S PW 5“ 0e ? pure hydrocarbons were studied, and their 
i u d oblC Sbeolysis measured for the first time. These latter 
iniSonT>f 1Ch lT spiadl ®- ce , lled sarcomas were produced here by subcutaneous 
“ ,e i ® f 80 utlo f m lard ^ 1 : 2: 5: 6-dibenzanthracene (tumour R 10, rat) 

1 • o lr ■hcyclopentenc- 1 : 2-benzanthraeene (tumour M 154, mouse), or of 
1.2 Srfi-dibenzanthracene in lard and milk (tumour M 4, mouse) The first 

grrfteT gei”S™ h<Xl ““ 51St ' th ° “ C °“ d 41,6 44111 “ d * he ‘t- 83rd 

othSZtL'tZT?' In add “°“?? «P«rim»ts similar to those desoribed for 
infection The solutions* 655 c °. nsldera, hl e precautions were taken to avoid bacterial 
SnetteT'the^ wS f we f e .sterilised and measured out from sterile 

removed asentionll less f* s and Petri dishes were autoclaved and the tumours 

^ The the ratS i ^ terUe fin S er - stall s were used when cutting 

ne sections. 1 he gases were passed through cotton wool nluvs and the narts of 

X“eUl Ln f£mt C ™ M -^aTsdut Sof 

tions made after i a 1 * be Ilq 1 ulds at the end °f the experiments and examina- 

1 We are indebted to the Imperial Cancer Research Fund for this tumour. 
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Table XIII. J.R.S. slices at 37-5°. 

Concentration of oxidised dibenzanthracene 


Hour 

0 

0-1 % 0-2 % 

Qo 2 in Ringer-phosphate 

A. _ _ _ 

0*3 % 

I 

r 

12-2 

8-6 

9*8 

8*4 

2 

8*8 

8-6 

9*0 

7*3 

3 

7-0 

7*4 

6*6 

5*0 



Q^f in Ringer-bicarbonate 

A 


1 

26-2 

18*5 

15*1 

21*0 

2 

19-0 

17*4 

11*7 

11*4 

3 

14-4 

12*8 

5*3 

5*8 


Table XIV. J.R.S. slices at 37*5°, aseptic technique . 

(Roman numerals refer to bacteriological report.) 

Qo 2 in Ringer-phosphate 


Concentration of oxidised dibenzanthracene 


Hour 

No lactate 

I 

II 

0 

A 

III 
<H % 

IV 

0*2% 

" 

V 

0*3 % 

1 

10*0 

10*4 

8*2 

7*4 

7*2 

2 

7*8 

8*7 

7*3 

6*3 

4*5 

3 

7*1 

6*9 

6*5 

5*4 

3*1 


Q N ]f ~ in Ringer-bicarbonate 
Concentration of oxidised dibenzanthracene 



VI 

VII 

VIII 

IX 


0 

0-1 % 

0*2 % 

0-3 % 

1 

19*2 

14*0 

15*0 

9*5 

2 

14*0 

11*1 

11*4 

6*1 

3 

8*0 

5*7 

4*6 

4*1 


Sterility test on fluid from experiment shown in Table XIV after 18 hours 5 incubation. 

Vessel I. Slight growth of streptococci and R. subtilis. 

Vessel II. Moderate growth of staphylococci and streptococci. 

Vessel III. Very slight growth of staphylococci. 

Vessel IV. Moderate growth of streptococci and staphylococci. 

Vessel V. Very slight growth of staphylococci. 

Vessel VI. Very slight growth of B. subtilis. 

Vessel VII. Sterile. 

Vessel VIII. Sterile. 

Vessel IX. Sterile. 

Eighteen hours’ incubation after the conclusion of the experiment constitutes a somewhat 
severe test of aseptic technique. It is evident in Table XIV that such degrees of contamination as 
had occurred show no parallelism with the chemical changes measured ( e.g . vessels III, IV, V). 

Dickens [1931] quotes results for J.R.S. : 

Warburg, Q 0 = 9, <®=34; 

Crabtree, Q 0 ~S, 11, 32. 

Rat sarcoma 10. Tables XV and XVI, typical of experiments on this tumour, 
show that concentrations of less than QT % oxidised dibenzanthraeene produce 
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no inhibition of oxygen uptake, within the times of the experiments (2-3 hours) 
and that higher concentrations (0*2, 0*3 %) show an effect only after one hour. 


Table XV. R. 10 slices in Ringer -phosphate at 37-5°. 


1 

12-5 

12-2 

12*6 

13*0 

13*2 



Concentration of oxidised dibenzanthracene 


No lactate 

r 

0 

0*017 % 

0*033 % 

0*05 % 

2 

12-2 

12-2 

12*6 

11*5 

13*5 

3 

1M 

11-7 

10*7 

10*7 

12*5 



% difference, calculated on 1st 

hour 


2 

-2 

0 

0 

-12 

+ 2 

3 

-11 

-4 

-15 

-18 

-5 


Table XVI. R. 10 slices in 

Ringer-phosphate at 

37-5°. 

Hour 



Qo t 


1 

13*8 

15*0 

12*7 

13-8 


Concentration of oxidised dibenzanthracene 

A _ _ 


0 

0*1 °/ 
u 1 / 0 

0*2 % 

0*3 % 

2 

12*4 

13*4 

11*4 

11*4 

5 

10*4 

7*9 

4*8 

3*5 

4 

10*0 

6*7 

2*7 

2*1 


% difference, calculated on 1st hour 


2 

-11 

-11 

-10 

-17 

3 

-25 

-47 

-62 

-75 

4 

-28 

-55 

-80 

-85 

Table XVII. R. 10 slices in 

Ringer-bicarbonate at 37*5 { 

Hour 



Qf 


1 

19*0 

18*3 

22*3 

~22-0 


Concentration of oxidised dibenzanthracene 


0 

0*1 % 

0*2 % 

0-3 % 

2 

14*5 

13*8 

12*0 

10*0 

i 

11*6 

11-7 

9*2 

5*7 

4 

6*2 

7*1 

6*2 

4*2 


% difference 

, calculated on 1st hour 


2 

-23 

-25 

-45 

- 55 

3 

-39 

-35 

-57 

-74 

4 

-67 

-61 

-73 

-82 


Mouse sarcoma M 154. It was difficult to get sections of this tumour completely 
free from necrotic material, and as the method of calculation used makes use of 
the absolute value of the initial respiration of each sample, no great trouble was 
taken to ensure the absence of necrosis from the slices used. This accounts for the 
considerable differences in amount of respiration found. It will be seen that in 
the glycolysis experiments the differences in the first hour (after adding the 
oxidised dibenzanthracene) are greater than could reasonably be accounted for 
by the presence of some necrotic material. 



C0 2 developed mm. 3 per mg. tissue 
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Table XVIII. M 154 slices in Ringer-phosphate at 37*5°. 

$o 2 

Hour r— A * 

1 10-0 9-8 9-5 S*4 8-0 

Concentration of oxidised dibenzanthracene 


___A , 

c ^ 



No lactate 

0 

0*017 % 

0*033 % 

0*05 % 

2 

7*3 

9*6 

7*8 

8*0 

7*4 

3 

5*8 

7*5 

6*5 

6*3 

5*0 

4 

3*7 

6*7 

5*4 

5*4 

4*3 

5 

3*1 

5*8 

5*1 

4*7 

2*6 



% difference. 

calculated on 1st hour 


2 

-27 

-2 

-18 

-5 

-8 

3 

-42 

-23 

-31 

-25 

-38 

4 

-63 

-32 

-43 

-35 

-47 

5 

-69 

-41 

-46 

-44 

-68 


Table XIX. M 154 slices at 37-5°. 

Q 02 in Ringer-phosphate 

Hour ( A ^ 

1 11*5 12*1 8-6 9*3 

Concentration of oxidised dibenzanthracene 



0 

0*1 % 

0*2 o/ 0 

0*3% 

2 

11*0 

9*7 

5*2 

1*8 

3 

9*1 

8*4 

2*8 

1*5 


% difference, calculated on 1st hour 


2 

-4 

-20 

-40 

-81 

3 

-21 

-30 

-68 

-84 



Qj/ in Ringer-bicarbonate 

A 


1 

21*5 

12*8 

10*6 

7*8 

2 

18*4 

12*2 

8*3 

6*2 

3 

17*4 

10*3 

6*7 

5*7 


Concentration 
of oxidised 



253 
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Mouse sarcoma M 4. Table XX shows one of three similar experiments on M 4. 
A concentration of 0*033 % produced an inhibitory effect within 3 hours and 
0*05 % after one hour. It is thus rather more susceptible than R» 10 and J Jit.S. 

Table XX. M 4 slices in Ringer-phosphate at 87*5°. 

Qoo 


Hour 


1 

9*0 

10-6 

9-5 9-0 

10*5 



Concentration of oxidised dibenzantliracene 


No lactate 

6 

0*017 % 0*033 % 

0*05 % 

2 

8*4 

9*9 

8*9 9*0 

9*7 

3 

7*1 

8*5 

7*9 7*5 

7*0 

4 

6*2 

7*2 

6*1 5*0 

3*8 


o/ 

/o 

difference, calculated on 1st tour 


2 

-7 

-6 

“6 0 

“8 

3 

“20 

-20 

~17 “17 

-33 

4 

“31 

“32 

-36 “45 

“64 


Mouse carcinoma G 68. This tumour is vascular and has a small growing edge of 
sound tissue; sections were therefore difficult to cut free from necrotic material. 
This tumour appears to be rather more susceptible to the action of the oxidised 
dibenzanthracene than the others studied, as inhibition of respiration is observable 
after one hour even with a 0*033 % solution and 0*1 % produces almost the 
maximum inhibition (Tables XXI-XXIIX) . 

Table XXI. C 68 slices in Ringer -phosphate at 37-5°: 

Qo 2 


Hour 


1 

8*0 

11*5 

8*3 

10*6 

12*5 



Concentration of oxidised dibenzantliracene 


No lactate 

6 

0*017 % 

0*033 % 

0*05 % 

2 

6*7 

10*5 

7*2 

7*2 

8*0 

3 

5*4 

8*2 

6*6 

6*4 

6*7 

4 

3*7 

6*8 

4*7 

4*5 

4*8 



% difference, calculated on 1st hour 


2 

-16 

-9 

-13 

-32 

“36 

3 

-32 

“29 

-20 

-40 

“46 

4 

~54 

“41 

-43 

“58 

-62 


Hour 


Table XXII. C 63 slices in Ringer-phosphate at 37*5° . 

Qo*> 


1 

18*0 

12*8 

15*2 

11*2 

17*6 



Concentration of oxidised dibenzantliracene 

A 


No lactate 

0 

0*1 % 

0*2% 

0*3 % 

2 

10*2 

8*6 

8*0 

5*3 

7*5 

3 

7*4 

5*5 

4*8 

2*8 

3*8 



% difference 

, calculated on 1st hour 


2 

-43 

-33 

-47 

-53 

- 56 

3 

-59 

-57 

-70 

“74 

“78 
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Table XXIII. 0 63 slices in Ringer -bicarbonate at 37-5°. 

Qf/ 

Hour , — ~ K — ^ 

1 15-5 19*4 12-2 14*3 


Concentration of oxidised dibenzanthracene 


2 

0 0-1 % 

18-2 16*1 

0*2 % 

8*4 

0-3% 

8*5 

3 

15*7 10*2 

6*4 

5*2 

2 

% difference, calculated on 1 st hour 
+ 17 -17 -31 

-41 

3 

+ 1 -47 

-48 

-63 


Conclusion. 

The tables given above show that oxidised 1:2:5: 6-dibenzanthracene 
acts as an inhibitor of oxidation and glycolysis in all the tissues studied. 
There is no remarkable difference between the effects on normal and on 
malignant tissues, except that the malignant tissues with the exception of 
C 63 are more slowly inhibited. A concentration of 0*2 % in every tissue 
examined produces a measurable diminution of metabolism; in the case of 
kidney and muscle 0*62 % is effective. Boyland [1933], using the methylene 
blue technique, found that a 0*002 % solution of the hydrocarbon produced 
after oxidation more than 50 % inhibition of lactic dehydrogenase from yeast, 
but the quantity of this enzyme present was probably much smaller than in the 
present experiments. 

As all known reactions involving enzymes take place in aqueous solution, 
it seems probable that carcinogenic hydrocarbons are altered in the body 
to form water-soluble compounds before they can produce biological effects. 
The oxidation products of these hydrocarbons produced by oxygen in ultra- 
violet light are water-soluble and have a large inhibitory effect on oxidation 
processes. The present work shows that the action of the oxidised 1:2:5: 6-di- 
benzanthracene on malignant cells is very similar to that on normal tissues. 
It is possible that the production of tumours by these carcinogenic compounds 
involves an oxidation of the compound, either to a product identical with 
that isolated and used in the foregoing experiments, or to a less stable inter- 
mediate oxidation product. Subcutaneous injections of 0*4 % solutions of 
the oxidation products used in the present work have not yet, after 14 weeks, 
produced any tumours in rats or mice. 

Summary. 

The effect of a water-soluble oxidation product of 1 : 2: 5: 6- dibenzantlira- 
cene on the metabolism has been studied in respect of the following rat 
tissues: 1. Muscle, respiration and glycolysis : 2. Liver, respiration : 3. Kidney, 
respiration: 4. Brain, respiration and glycolysis: 5. Jensen’s sarcoma and rat 
sarcoma 10, respiration and glycolysis; and of the following mouse tissues: 
6. Sarcoma M 154, respiration and glycolysis: 7. Sarcoma M4, respiration: 
8. Carcinoma 63, respiration and glycolysis. . 

In all cases an inhibitory effect was found. 
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XXXIV. THE METABOLISM OF GALACTOSE. 

II. THE BEHAVIOUR OF THE RAT TOWARDS 
MODERATE AMOUNTS OF GALACTOSE. 


By VICTOR JOHN HARDING, GORDON ALLISON GRANT 1 
and DEBORAH GLAISTER. 

From the Department of Pathological Chemistry , University of Toronto , 

Toronto , Canada. 

(Received January 3rd , 1934.) 

The immediate purpose of the work reported in this and the previous paper 
[Harding and Grant, 1932-33] has been to trace as far as possible, by methods of 
direct analysis, the fate of orally administered galactose. The use of galactose- 
acclimatised yeast [Harding and Grant, 1931-32] or 8, marxianus [Harding, 
Nicholson and Grant, 1932-33] as an analytical reagent enables free galactose 
in extracts or preparations of blood, urine and tissues to be estimated with 
precision. The previous paper showed that the oral administration of moderate 
amounts of galactose (40 g.) to adult man resulted in a rapid entrance of galactose 
into the blood stream, with a peak amount at 30-60 mins, followed by a fall to 
zero by the end of 2 hours. A small increase in arterial blood-glucose was also 
noted. The urine contained amounts not greater than 2 g. galactose. With this 
amount of galactose, all the sugar was disposed of in 2 hours, but with a larger 
dose (80 g.) the excretion into the urine sometimes continued until the fourth 
hour. No evidence was found in the blood or urine of any new reducing com- 
pound formed from galactose, nor did the urine show any trace of non-reducing 
substance which yielded galactose on hydrolysis, beyond those small, and as yet 
doubtful, amounts demonstrated in the fasting condition by Harding and 
Grant [1931-32]. The present communication traces the absorption of galactose 
from the intestine of the rat and its disappearance from the tissues. 

Experimental and analytical methods. 

Young adult white rats (both sexes) were starved for 24 hours. To Series A was 
given by stomach tube [Cori, 1925] 1 ml. of 10 % galactose solution. The rats 
were placed in a cage with provision for urine collection. Five minutes previous 
to the desired time 15—20 mg. amytal were injected. At the end of 5, 20, 60 or 
180 inins. from the administration of the galactose, the alimentary tract was 
ligatured at the oesophagus and anus and removed. Any urine was removed 
from the bladder by a small syringe, the bladder being washed out 3 or 4 times 
with distilled water. The muscle specimen, if desired, was taken from the hind- 
leg by dissecting away the skin, freezing by solid C0 2 in situ and then removing. 
The liver, if desired, was removed and placed at once in solid C0 2 . If the whole 
animal was desired, it was frozen by solid C0 2 immediately after the removal oi 
the urine. In a few instances a blood specimen was taken from the tail previous 

1 Joint Fellow in the Departments of Pathological Chemistry and Medicine. 
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to the freezing. To Series B was given 1 mi. of 20 % galactose solution, and the 
animals were examined at the end of 20, 60, 120 and 180 mins. A few control 
animals were examined at the end of 20 mins. 

Preparation previous to analysis. The excised alimentary tract was at once 
opened throughout its entire length and washed out with distilled water three or 
four times, gently macerating the interior lining. The extract was treated with 
10 % sodium tungstate and 2/3 N H 2 S0 4 . After standing for a few minutes this was 
filtered. The filtrate was shaken with purified Lloyd’s reagent [Hamilton, 1928] 
and refiltered. The frozen muscles were weighed, dropped into 15 ml. of boiling 
water and extracted for 15 mins. The solution was decanted and the residue 
ground in a mortar and re-extracted with 10 ml. of boiling water for a second 
15 mins, interval. The solution was again decanted and the residue placed in a 
test-tube and extracted on a boiling water- bath with three successive portions of 
10 ml. of hot water, taking 30 mins, for the final extraction. The residue was 
strained with pressure through a piece of cheese cloth. The total cooled extract 
was made up to 60 ml. The frozen liver was extracted in exactly the same 
manner as the muscle tissue, except that the residue was separated by centrifuge. 

When an examination of the whole animal (minus intestinal contents and 
urine) was required, the frozen carcass was minced, placed in 100 ml. of boiling 
water and extracted for 15 mins. The solution was centrifuged and the residue 
re-extracted with three successive portions of boiling water (100 ml.), the last 
extraction interval being 30 mins. The cooled extract was made up to 500 ml. 

To 60 ml. of the tissue extract were added 15 ml. of 10 % ZnS0 4 , 7H a O 
solution and 15 ml. of 0-5 N, NaOH solution, gradually with shaking of the 
flask. The precipitates from the muscle and liver extracts were filtered, using 
an ordinary funnel. The whole animal filtrate w T as obtained by suction through 
a Buchner funnel of wide area. It was later found more convenient to precipitate 
120 ml.. of the whole animal extract, especially in the case of larger animals, as 
the filtration was slow owing to the presence of fat. In such cases there was 
occasionally some difficulty in obtaining a clear filtrate. 4*5 g. of purified Lloyd’s 
reagent were added to 50 ml. of the zinc filtrate and the mixture shaken for 2 mins, 
and filtered. It was found necessary to make this filtrate alkaline with two drops 
of 40 % NaOH solution to precipitate the excess zinc present. Any excess zinc 
was found to interfere with the sugar oxidation and also with the removal of the 
sugars by yeasts. The precipitate of Zn(0H) 2 was filtered off, and the filtrate 
was adjusted to p K 6-6*5, with 10 N H 2 S0 4 . 

The above details form a slight modification of Somogyi’s [1930] directions 
for the preparation of blood- filtrates suitable for sugar analysis. We were 
unable to prepare suitable filtrates from tissue by the use of tungstic acid [Power 
and Clawson, 1928]. 

Analysis for glucose and galactose . The final clear filtrates from the alimentary 
tract, muscle, liver or whole animal were analysed for glucose (fermentable 
sugar) and galactose by the method of Harding and Grant [1931-32]. A double 
action of ordinary baker’s yeast and galactose-acclimatised yeast 1 , followed by 
a double centrifugation previous to the determination of the reducing power, 
ensured the complete removal of the desired sugar at each stage of analysis. The 
reducing power was determined by a modified Shaffer-Somogyi reagent [Harding 
and "Downs, 1933], Galactose in the blood specimens was determined by the 
method of Grant and Glaister [1933] which is suitable for the estimation of non- 
fermentable sugar in blood. This method of determining galactose in presence 

1 authors wish to thank the Standard Brands Inc. New York for the continued preparation 
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of glucose and the reducing substances hi blood corpuscles has been later 
employed by Harding et at. [1933] in the determination of blood-xylose. Urine 
was analysed according to the previous directions of Harding and Grant. 

Recovery of added galactose . Galactose added to muscle, liver or whole animal, 
hash was recovered in 98-105 % yield; added to intestinal contents the recovery 
yield was 80-90 % . 

Results and Discussion. 

The concentrations of glucose, galactose and residual reducing substances 
together with the total amounts of galactose found in the alimentary tract, 
urine and whole animal are shown in Tables I (Series A) and II (Series B). 

Table I. Determinations in whole animals of concentrations of tissue “sugars” m 
individual control rats, and average galactose values at stated intervals after the 
ingestion of approximately 0-6 g. galactose per kg. body weight (Series A). 


Tissue “sugars’ 3 
(mg./lOO g.) 


Rat 


No. 

51 

52 

53 

54 


Average of 4 

” 8 

:: I 


wt. (g.) 


Dose 

mg. 


Time 

mins. 


Blood- 
galac- 
fcose mg./ 
100 ml. 


Glucose 

60 

38 

41 

55 


Galac- 

tose 

4 

2 

( 1 ) 

(1) 


Residual 
reduc- 
tion (as 
glucose) 

30 

18 

18 

24 


Galactose distribution. 
Total amount in mg. 
(as galactose) 





Average 

48 

2 

22 

143 

92 

5 

0 

39 

3 

19 

162 

90 

20 

77 

41 

19 

20 

23 

153 

89 

60 

44 

44 

25 

147 

94 

180 

11 

49 

3 

24 


Ali- 

mentary 

tract 


76 

40 

4 

0 


Urine 


2 

15 

25 


Tissues 
(as free 
sugar) 


6 

29 

34 

4 


Utilised 


10 

17 

36 

64 


Table II. Average concentrations of tissue “sugars” and total amounts of galactose 
in whole animals after ingestion of approximately 1-2 g. galactose per kg. body 
weight at end of stated intervals (Series B). 






Blood- 


Average 


galac- 


. . A__ 

x 


tose 

No. of 

Rat 

Dose 

Time 

mg./ 

exps. 

wt. (g.) 

mg. 

mins. 

100 ml. 

6 

156 

184 

20 

86 

6 

134 

180 

60 

126 

5 

148 

185 

120 

57 

6 

150 

191 

180 

20 


Tissue “sugars’ 3 
mg./lOO g. 


Glucose 

39 

49 

47 

58 


Galac- 

tose 

21 

63 

23 

6 


Residual 
reduc- 
tion (as 
glucose) 

16 

19 

21 

20 


Galactose distribution. Total 
amount in mg. (as galactose) 


Ali- 

mentary 

tract 

119 

12 

3 

(1) 


Urine 

3 

42 

75 

76 


Tissues 
(as free 
sugar) 

32 

82 

34 

9 


Utilised 

30 

45 

73 

105 


At the outset we wish to emphasise the relatively small dose of galactose we 
have given. Series A received an average of 0-6 g. per kg. and Series B, 1*2 g. 
per kg. These amounts are comparable with the feeding of 40 and 80 g. galactose 
to the adult man. True, even these amounts are much in excess of what either 
the rat or man would receive under natural conditions, but they are much less 
than those administered by Cori [1925], who gave 8-9 g. per kg. by mouth to the 
rat, or the 2 g. per kg. per hour given intravenously by WierzudiowBki etal. 
[1931] to the dog. The dose given by Cori to the rat is equivalent to oOO-OUU g. 

galactose given to man. , _ . , ,* 

Absorption from the intestine. Both in Series A and B, the absorption ot 
galactose is practically complete at the end of an hour. Galactose isknowm to be 
rapidly absorbed in the dog [Nagano, 1902], cat [Hewitt, 1924], rabbit [Hedon, 

17—2 
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1900], and rat [Cori, 1925]. Mainly from a study of glucose absorption, but 
stating that the figures on the absorption of other sugars support the same 
conclusion, Cori has formulated laws of absorption of sugars from the intestine. 
“ The rate of absorption of a sugar is independent of the amount or concentration 
of the sugar fed.” These conclusions for the absorption of glucose have been 
questioned by other observers [MacKay and Bergman, 1933]. Cori 5 s absorption 
rate for galactose is 1*96 [1925] and TS2 [1926] g. per kg. per hour. From Ms 
average figures it can be seen that at the end of 3 hours there were left un- 
absorbed 1*31, 347 and 3-94 g. galactose per kg. body weight. Only the first is 
comparable with our highest amounts fed in Series B. In Table III we show the 

Table III. Bate of absorption of galactose over short periods of time when 
given in moderate amounts . 


Series A 
Series B 


After 20 mins. Amount absorbed 

mg./ 100 g. mg./ 100 g. per lir. 

31 93 

42 125 


After 60 mins. 
Amount absorbed 
mg./ 100 g. per hr. 

55 

125 


absorption rates (calculated from the data of Tables I and II) of galactose when 
administered in amounts below those investigated by Cori. In no case does the 
absorption rate approach 1*82 g. per kg. per hour. Our figures are few but the 
most significant give a value of 1*25 g. per kg. per hour. The very short time of 
our absorption periods, however, may introduce an error tending to low results, 
but in Series B the rate in the first 20 minutes is the same as in the next 
40 minutes. Other differences in the experimental conditions are to be noted. 
Our animals were starved for 24 hours previous to the feeding, Corks for 
48 hours. By analogy with the absorption of glucose and fructose this should 
raise our rates of absorption rather than decrease them [Cori and Cori, 1927]. 
Amytal anaesthesia also lowers the rate of absorption about 30 % [Cori, 1931]. 
Only a few minutes elapsed, however, between the administration of the 
amytal and the excision of the alimentary tract. Nor did we divide the sugar 
remaining in the alimentary tract between the stomach and intestine. Any 
galactose left in the former would of course raise the calculated rate of absorption 
from the intestine. McCanee and Madders [1930] and Trimble et al. [1933] have 
pointed out the part taken by the pyloric discharge in determining rates of 
intestinal absorption. The subject of absorption of sugars at low initial con- 
centrations invites further investigation. 

Fermentable sugar was also found in irregular amounts in the intestinal 
contents. It is to be. noted that both in Series A and B, at the end of 3 hours, 
when galactose was still present in the blood stream, none was present in the 
alimentary tract. 

Galactose in the tissues. In our control animals the examination of individual 
muscle or whole animal always showed the presence of small amounts of sub- 
stance removable by “galac” yeast. This was not removable by the two previous 
treatments with ordinary baker’s yeast, and while the first treatment with 
“galac” yeast always effected a small removal the second treatment failed to 
show any further removal. The amounts varied from 1 to 6 mg./lOO g. tissue or 
muscle (Tables I and IV). Such amounts are just at, or very slightly above, our 
experimental error. Consequently we cannot place too much reliance on them. 
Liver extracts showed no evidence of such a removal, but these extracts were 
much more dilute. No free galactose was found in control rat blood or urine, 
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Table IV. Concentrations of muscle and liver “glucose” galactose and residual 
reducing substances one hour after ingestion of 190 mg. galactose by the rat. 


mg./ 100 g. 


Muscle 


Liver 




r 


Residual 

r 


Residual 





reduction 



reduction 



Glucose 

Galactose 

(as glucose) 

Glucose 

Galactose 

(as glucose) 



25 

0 

4 


— 

— 



34 

0 

5 ' 

— 

— 

— 



26 

2 

4 

101 

0 

21 

Controls - 


32 

6 

8 

114 

0 

19 



38 

3 

7 

162 

0 

20 



33 

2 

5 

97 

0 

21 



22 

2 

9 

80 

0 

17 

Average 

30 ±6 

2*5 ±2 6 ±2 

111 ±20 

0 

18 ±3 


r 

34 

33 

7 

98 

104 

17 

One hour 


33 

27 

14 

129 

129 

25 

after 


35 

36 

10 

144 

111 

20 

galactose 

1 

38 

33 

9 

97 

130 

35 


1 

33 

37 

5 

143 

98 

21 

Average 

35 ±2 

33 ±4 

9 ±3 

122 ±21 

114 ±14 23 ±7 


nor did Harding and Grant find any in normal human blood and urine. How- 
ever, the dilutions of 1 : 10 used by them would fail to show amounts less than 
2-3 mg./lOO ml. In view of the fact that free galactose is readily excretable both 
in man and the rat it seems unlikely that our analytical finding represents 
galactose as a free constituent of living muscle. _ 

Corresponding to the rapid absorption of galactose from the intestine there 
is a rapid rise of this sugar in the blood and tissues. Our observations are too 
infrequent for us to do more than state that the maximum concentration Oi. 
galactose in the tissues and blood occurs somewhere within or about the first 
hour, with either the smaller or larger dose. This same maximum in the blood 
occurs in man. Are we to infer that the absorption of galactose from the 

intestine of man is as rapid as in the rat? 

At the end of 3 hours after the smaller dose, the galactose content ol the 
whole animal has fallen to the low indefinite figure of the control. After the 
larger dose, it is sufficiently low (4-9 mg./lOO g.) to enable us to state that all 
but traces of the ingested sugar have disappeared. 

Fermentable sugar, residual reducing substances and glycogen after galactose. 
Our method of analysis gives us, in addition to galactose, the concentration oi 
glucose (fermentable sugar) and residual reducing substances. Hosterlitz and 
Wedler [1933] examined the sugar of the liver after galactose ingestion, ihev 
found slight increases in fermentable sugar but not in such amount as to lead to 
any definite conclusion. Their residual reducing fraction, which included galac- 
tose, was increased. Examination of our whole animal experiments shows a 
slight average increase in “glucose” at the end of the higher dose expernnen s, 
but in view of the large variations little importance can be attached to the figures. 
Harding and Grant found increases in blood-glucose in man after galactose 
feeding. The normal variations in blood-glucose are small, however, and 
experimental fluctuations are thus more easily ascertained. Certainly, in the rat, 
there occurs no transformation of ingested galactose into glucose sufficient } 
rapid to cause an accumulation of this latter sugar. In an en eavour o c lec 
more strictly the possible occurrence of rapid galactose-glucose conversion, we 
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examined a section of leg muscle and the liver, one hour after the feeding of the 
higher dose of galactose. The results are shown in Table IV. The increase in the 
concentration of galactose is plain in both muscle and liver; but again, the big 
variation in the ee glucose 5 5 prevents any definite conclusion. Our figures for 
“ fermentable 55 sugar in rat muscle (30 ±6 mg./lOO g.) are much higher than 
those recently published by Cori et al. [1933] (10-12 mg./lOO g.), though these 
workers obtained much higher figures for the resting muscle of the amytalised 
animal. They agree more nearly with those of Power and Clawson [1928] and 
Bischoff and Long [1932]. The occurrence of any extensive glycogenolysis would 
impair the value of any experiments designed to measure an increase of that 
sugar after galactose feeding. Our animals were extremely quiet, however, and 
our muscle freezings and excisions were rapid. It is interesting to note that our 
figures for the non-fermentable sugar fraction of muscle extract obtained with 
Zn(OH) 2 as a precipitating agent followed by Lloyd’s reagent are lower 
(4-9 mg./lOO g.) than those of Con et al. [1933] (8-22 mg./lOO g.), who used 
HgS0 4 ~BaC0 3 , though two of our animals after galactose gave 10 and 14 mg./ 
lOOg. 

The constancy of the concentration of residual reducing substances indicates 
the thoroughness of our methods of extraction and sugar analyses. It indicates 
also the improbability of any conversion of galactose into another extractable 
reducing carbohydrate at such a rate that accumulation occurs. It may be noted 
that Bischoff and Long [1932] claim to have proved the absence of hexose- 
phospliate from muscle extracts precipitated by Zn(OH) 2 . Harding and Grant 
noted also in man the absence of any new reducing carbohydrate in blood and 
urine after administration of galactose. Bierry et al. [1932] have claimed that 
they have proved the occurrence in liver of a galactose- containing polysaccharide. 
We did not examine the hydrolysis products of our animal or muscle hash after 
extraction to see if any combined or non-extractable galactose occurred. We, 
however, examined both liver- and muscle-glycogen in 2 rats 4 hours after the 
ingestion of 400 mg. galactose. The glycogen was extracted by the modification 
of Pfluger’s method detailed by Good et al. [1933]. The glycogen obtained was 
hydrolysed and analysed for glucose and galactose. Only glucose was found. 

Excretion into the urine. At the end of 20 minutes small amounts of galactose 
were found in the urine in both Series A and B. At the end of 3 hours 25 % of 
the smaller dose of galactose was found in the urine and 40 % of the larger. 
Cori [1926] found 60 % excretion in 4 hours. In both our series the excretion 
into the urine is greater than in man ; 4 % excretion was the highest noted by 
Harding and Grant in man after the ingestion of 40 g. galactose, and 8 % after 
the ingestion of 80 g. 

Conclusions. 

The essential difference between the rat and man in their behaviour to 
moderate doses of galactose appears to be in the slower rate of utilisation by the 
rat. Parallels with other sugars are not wanting — thus the rat utilises intravenous 
glucose at a much more rapid rate than the dog or man [Cori and Cori, 1927]. 
The low rate of metabolism of intravenously administered galactose is also seen 
in the dog (0*2 g. per kg. per hour) [Wierzuchowski, 1931]. From Table II it can 
be seen that an average of 73 mg. galactose disappears in 2 hours from 150 g. 
body weight. This means an average utilisation of 0*25 g. per kg. per hour. 
After the corresponding dose to man Harding and Grant found a disappearance 
of over 90 % of the galactose in 2 hours — a disappearance rate of approximately 
0*5 g. per kg. per hour. Whilst these figures, calculated as they are from 
experiments varying widely in conditions, must be taken as a very rough % 
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approximation, they nevertheless support the idea that galactose utilisation in 
man is much better than experimental work on other animals has led us to 
anticipate. This low rate of change in the rat, coupled with the high rate of 
absorption and excretion, is responsible, according to Gnha [1931], for the failure 
of this animal to grow or maintain life when galactose is the sole carbohydrate. 
In man and woman [Duel et ah, 1932; 1933] galactose is active as a nitrogen- 
sparing carbohydrate and an anti-ketogeiiic body. In this latter capacity it is 
even claimed that it is superior to glucose, its effect lasting 2 or 3 days. These 
two extreme statements may well be reconciled by a difference in the rate of trans- 
position in different species. 

Summary. 

Galactose, fed to rats at levels comparable with those at which it may be 
administered to man (0*6 g. and 1*2 g. per kg.), is almost completely absorbed 
from the intestine within an hour. 

With both dosages of galactose, all but traces of the free sugar has dis- 
appeared from the tissues at the end of 3 hours. 

There is proportionately a much larger excretion of the ingested galactose 
into the urine in the rat than in man. There thus appears to be a lower rate of 
conversion of galactose into its metabolites in the rat. 

No evidence was found indicating the conversion of galactose into glucose 
or into any other reducing carbohydrate. The glycogen formed after galactose 
ingestion, either in the muscle or the liver, gives only glucose on hydrolysis. 
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XXXV. THE CHEMOTHERAPY OF DERIVA- 
TIVES OF H ARMINE AND HARMALINE. II. 


By CHARLES EDWARD COTILTH ARP. 

From the Bacteriological Laboratory , Boots Pure Drug Co., Ltd., 
Nottingham . 

{Received January 3rd, 1934.) 

In the first paper of this series, Coulthard et ah [1933] described the preparation 
of a long series of O-alkyl derivatives of harmol and recorded their bactericidal 
properties. It was shown that the peak compound of the normal alkyl series 
differed with the test organism, being situated at the butyl compound for Bacillus 
typhosus and at the amyl for Staphylococcus aureus , whilst it was recorded 
briefly that the most effective of the w-alkylharmols towards Entamoeba histo- 
lytica was 0-%-nonylharmol. The experimental results upon which the latter 
statement was based are described in the present communication. 

The organism chosen for our tests was Entamoeba histolytica , two strains of 
which, D.K.B. and N.R.S., -were kindly supplied by Mr C. Dobell. Since a survey 
of the literature appeared to indicate that emetine was the most efficient lethal 
agent for this protozoon in vitro, this alkaloid was used as a control, but in addition 
tests were made upon some other substances used, or recommended for use, in 
the treatment of amoebic dysentery. 

Laicllaw et al. [1928] described a method of testing emetine in which the test 
organism, Entamoeba histolytica, is cultivated in a medium consisting of Ringer’s 
solution with horse-serum and a little rice starch, disodium hydrogen phosphate 
being added as a buffer. In this medium they found that the amoebae were 
destroyed in four days by emetine 1 in 5,000,000 provided that the medium did 
not become too acid. When the phosphate buffer was omitted, however, the end- 
point was not always sharp but varied from strain to strain and even with the same 
strain, the tubes which became most acid in culture being most likely to contain 
living amoebae. In these experiments the lethal concentration varied from I in 

300.000 to 1 in 750,000. 

In order to carry out our tests in such a manner that the minimum lethal 
concentration of our emetine control w r as relatively level from test to test, the 
medium buffered with phosphate was used in a series of determinations of the 
amoebicidal efficiency of the hydrochlorides of these harmine and harmaline 
derivatives. The results of this series of tests are given in Table I. 

This table shows the gradual increase of the minimum lethal concentration of 
the O-w-alkylharmols from 1 in 80,000 (O-^-ethylharmol hydrochloride) to 1 in 

200.000 to 1 in 500,000 for the O-n-nonyl derivative with subsequent decline for 
higher members of the series. The corresponding derivatives of harmalol are less 
efficient as are the i<so-alkyl ethers of harmol. 

The figure obtained for emetine is in good agreement with that (1 in 5,000,000) 
found by Laidlaw et al. [1928] using the same medium. By the courtesy of 
Dr T. A. Henry we obtained samples of O-methylpsychotrine sulphate and 
conessine acid oxalate, and brief reference to our results with these two salts may 


CHEMOTHERAPY OF HARMINE DERIVATIVES 

Table I. 


2(35 


Compound 
Hydrochlorides of: 

Harmol 
0-Ethylharmol 
O-w-Propylharmol 
0-7i- Bntylharmol 
Amy lharmol 
O-n- Hexy lharmol 
0-w-Hepty lharmol 
O-n- Oetylharmol 
0 -n -Nonylhar mol 
0~%-Decylliarmol 
0-??,-Dodecy lharmol 

0 - isoPropy lharmol 
0 - -sec - 0 c tylhar m ol 
0-Allylharmol 
0 - Benzy lharmol 

Emetine hydrochloride 
Conessine acid oxalate 
O ' -Methylpsy chotrine sulphate 


Minimum concentration lethal to 
Entamoeba, histolytica 

1 in 40,000 to 1 in 80,000 
1 in 80,000 

1 in 80,000 to 1 in 120,000 
1 in 20,000 to 1 in 80,000 
1 in 100,000 to 1 in 200,000 
1 in 100,000 to 1 in 200,000 
1 in 200,000 

1 in 200,000 to 1 in 300,000 
1 in 200,000 to 1 in 500,000 
1 in 100,000 
1 in 100,000 not lethal 

1 in 80,000 not lethal 
Less efficient than O-w-octylharmol 
1 in 80,000 
1 in 80,000 

1 in 2,000,000 to 1 in 10,000,000 
1 in 80,000 to 1 in 200,000 
1 in 80,000 not lethal 


be made in passing. The very low result obtained with methylpsychotrine bears 
out the clinical results of Jepps and Meakins [ 1917 ] and the laboratory work of 
Dobell and Laidlaw [1926]. On the other hand, the figure obtained, for conessine 
appears surprisingly low in view of the work of Brown [1922] and Henry and 
Brown [1923] on the action of conessine on free living protozoa, and the experi- 
ments of Chopra et al. [1927] on Entamoeba histolytica from kitten 5 s faeces. A 
number of clinical successes have been reported with kurchi but it is interesting 
to note that conessine is regarded by some workers as less efficient than kurchi 
itself. [See, for example, Caius and Mhaskar, 1928 ; Knowles, 1928; Henry and 
Brown (quoting Willmore), 1928.] In support of our figure it may be noted that 
Knowles [1928] as the result of a clinical investigation suggested that the injection 
of conessine or total kurchi alkaloids was less efficient than kurchi orally, and 
Leake [1932] also considers kurchi ineffective, quoting the result of a clinical 
investigation by Reed using kurchi bismuth iodide. 

It is evident from various papers, for example, that of Laidlaw et ah [1928] 
and that of Henry and Brown [1923], that the exceedingly high efficiency of 
emetine in vitro of the order of 1 : 5,000,000 is only found in alkaline, neutral or 
only very faintly acid media. Our results afford abundant confirmation of this 
fact. When endeavouring to assess the value of an amoebicide in the treatment 
of amoebic dysentery by comparison with emetine in vitro it appears therefore 
necessary to consider carefully the hydrogen ion concentration likely to be met 
with in the areas infested with amoebae. 

We have been unable to find any reference to the actual hydrogen ion con- 
centration in the amoebic ulcer, but Knowles et al. [1923] found that the p R of 
a number of stools containing motile amoebae averaged 6*22. They also reported 
the results of experiments on kittens artificially infected with E. histolytica , in 
which the colon and rectum of the animals were minced in saline and the hydrogen 
ion concentration of the suspension determined. The average p R value obtained 
in these experiments was 6-33, and the livers when similarly treated showed an 
average p R value of 6-34. 

Furthermore, a considerable amount of work has been carried out upon the 
reaction of living, dead and diseased body cells, and the work of Rohde [1927 ,1,2], 
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and Chambers et ah [1927] suggests that the contents of the ulcers may have 
a hydrogen ion concentration more acid than p M 7*0. 

A consideration of these papers suggests that in any comparisons of amoebi- 
cides with emetine in vitro the effect of acidity should be studied, particularly 
when the amoebicides are to be administered orally, and that tests should be 
carried out at a value of 6*2 or 6*3. 

We have carried out a number of tests to study the efficiency of emetine at 
various hydrogen ion concentrations. In the course of this work we noted that 
the amount of rice starch added to the tubes of culture medium might also 
considerably influence the results. Table II summarises the results of three tests, 


Table II. 


Dilutions of 
emetine 
hydrochloride 

Test A 

Medium without 0-2 % 
phosphate 

Test B 

Medium without 0-2 % 
phosphate 

R.S. 0-02 g. 

Test C 

Medium with 0*2 % phosphate 

TS S 0-02 or 

R.S. 0-02 g. R.S. 0-08 g.' 
Pm 7*7 Pm 7*57 




r A 

7*15 _p H 6*2 about 

6*65 

?’H 6-22 

Pm 6*12 

1-1,000,000 

O AA 

0 AA 

AA 


AA 

1-750,000 



AA 

AA 

AA 

1-600,000 

6 A 

6 AA 


. 

AA 

1-500,000 



AA (6*57) 

AA 

1-400,000 

6 ■ 6 

AA 


AA 

1-300,000 


AA 

0(6*89) 

AA (6*53) 

1-200,000 

6 6 

AA (5*57) 

O (6*57) 

O (6*60) 

AA (5*97) 

1-100,000 

. 

AA (5*83) 

O (6*46) 

O (6*73) 

AA (6*33) 

1-50,000 

. 

O (6*71) 

O (6*49) 


Medium —Horse-serum + Ringer’s solution. 

R.S. =Rice starch. 

A A = Living amoebae in original culture. 

A = Living amoebae in subculture only. 

0 —No amoebae observed in original culture or in subculture. 


two in medium without phosphate showing the effect of increased acidity and of 
increased rice starch, and one in medium with buffer showing the effect of increased 
acidity. Approximately equal amounts of rice starch were added to each tube 
in a series by preparing a suspension of sterile starch in sterile Ringer’s solution 
and adding equal volumes of this aseptically. The p H value of this culture medium 
varies with the methods of determination. The figures quoted were obtained by 
Mr E. A. Harvey, using the potentiometer and the quinhy drone electrode, those 
at the top of each column refer to the unsown medium and those inserted in the 
column to the sown medium after incubation. 

If we now proceeded to compare our peak compound, O-w-nonylharmol, with 
emetine under those conditions of acidity which it is suggested may represent 
conditions in vivo more nearly, the ratio of efficiencies showed a considerable 
alteration (Table III). 

Table III. 

Lethal concentration 


Culture medium 

Starch 

(per 

tube) 

g* 

Pm 

before 

sowing 

after 

incubation 

0-%-Nonyl- 

liarmol 

hydro- 

chloride 

Emetine 

hydro- 

chloride 

With phosphate 0*2 % 

0-02 

6*18 

6*2 

1-300,000 

1-400,000 

55 

0*02 

6*65 

6*46 to 6*89 

1-200,000 

1-300,000 


0*02 

6*22 

6*53 to 6*73 

1-100,000 

1-200,000 

59 

0*02 

6*12 

5*97 to 6*49 

1-100,000 

1-50,000 

No phosphate 

0*02 

6*5 

— 

1-200,000 

1-100,000 

59 

0*08 

7*4 

— 

1-100,000 

1-100,000 
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After incubation the hydrogen ion concentration of several tubes was deter- 
mined, and the limits between which these tubes fell are given in column four. 
Similar results are obtained if unbuffered medium be used. 

It has thus been demonstrated that the amoebicidal value of 0-%-nonylharmol 
hydrochloride, although considerably less than that of emetine under optimum 
conditions for this compound, may nevertheless equal, or even surpass, that of the 
latter if these conditions are varied slightly, particularly if the reaction of the 
medium is allowed to become more acid. It has also been pointed out that the 
literature indicates the possibility that the hydrogen ion concentration in the 
gut may be in the neighbourhood of p R 6*2 in cases of amoebic dysentery. It 
therefore appeared desirable that clinical comparison of 0-%-nonylharmol 
hydrochloride with emetine should be carried out, and this substance lias there- 
fore been submitted to the Therapeutic Trials Committee of the Medical Research 
Council with this end in view. 

It may also be noted that additional confirmation of the amoebicidal value 
of O-w-nonylharmol is given by Gunn [1932]. Experimenting with Amoeba 
proteus , he found it lethal in 24 hours at a dilution of 1 in 1,000,000 or even 
1 in 2,000,000. 

Summary . 

1. The members of a long series of 0-alkyl derivatives of harmol have been 
tested for amoebicidal efficiency in vitro in comparison with emetine by the 
method of Laidlaw, Dobell and Bishop. 

2. The most efficient derivative, 0-%-nonylharmol, has been compared with 
emetine under different conditions. The results indicate that O-n - nonylharmol 
may be equal to, or even better than, emetine as an amoebicide under appro- 
priate conditions. 

I have great pleasure in thanking Mr C. Dobell for his advice when we were 
about to commence this work and for providing strains of amoebae, Dr FAL. 
Pyman for general direction of the investigation, Dr T. A. Henry for supplying 
the O-methylpsychotrine sulphate and conessine acid oxalate, and Miss D. Wain- 
man for much careful work at the bench. 
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XXXVI, SEPARATION OF CYSTEINE FROM 
ASCORBIC ACID BY MERCURIC ACETATE. 


By ADRIANUS EMMERIE. 

From . . the Laboratory of Hygiene , the University of Utrecht. 

(Received January 5th , 1934.) 

Different investigators have demonstrated that the reducing capacity of 
plant juices, determined by means of 2 : 6-di chlorophenolindophenol solution, 
accounts accurately for its observed antiscorbutic potency [Tillmans et al 
1928; 1932; Birch et al., 1933; Harris and Ray, 1933]. This agreement also has 
been demonstrated with animal tissues [Harris and Ray, 1932 ; 1933 ; Birch et ah, 
1933]. However, biological tests on Jensen rat sarcoma, carried out by Harris 
[1933], indicate that other reducing substances must be present, because the 
antiscorbutic activity is much less than would be calculated from the reduction 
value. 

When the titration is carried out in acid medium as indicated by Svirbely 
and Szent-Gyorgyi [1933], Birch et al. [1933] and Wolff et al. [1933], gluta- 
thione does not interfere. The presence of cysteine however will be a source of 
error in the titration with the indicator, because cysteine also reduces the in- 
dicator in acid solution [Birch et al., 1933], though not as rapidly as does ascorbic 
acid. The quantity of cysteine can be determined [Birch et ah, 1933] by means 
of Sullivan’s test [Sullivan, 1929, 1, 2], whereas the reduction of iodine solution 
in acid medium is a measure of the total amount of reducing substances which 
are present ; but we cannot assume that the difference between the total iodine 
reduction and the cysteine iodine value (calculated from Sullivan’s reaction) is 
due to ascorbic acid. The indicator solution (0*02 % in water) is added from 
a burette to the solution to be tested (acidified by dilute trichloroacetic acid) 
till a permanent faint pink colour is obtained. The titration is finished within 
a minute, whereas the colour generally does not fade after about half a minute. 
Sometimes this end-point is not sharp, owing to the presence of slowly-reducing 
substances,, because pure ascorbic acid solutions do not show r this tendency. 
Titrating a solution of cysteine- HC1 in this way (containing 4 mg. per ml.), 1 ml. 
solution (acidified by 2 drops trichloroacetic acid) decolorises about 0*4-0*5 ml. 
indicator after 1 minute. When however 2 ml. indicator solution at once are 
added to 1 ml. cysteine solution, decoloration takes place in about half a minute. 
This different behaviour is mentioned because the titration has also been carried 
out by others by adding the unknown solution to a definite volume of the 
indicator [Birch et ah, 1933]. The two different methods of titration are without 
influence upon the amount of indicator used by ascorbic acid solutions. 

In a previous communication [Van Eekelen et al., 1933] it was stated that 
cysteine is precipitated by mercuric acetate, whereas ascorbic acid is reversibly 
oxidised and can be quantitatively regenerated by hydrogen sulphide [Tillmans, 
Hirsch and Dick, 1932; confirmed by Johnson, 1933]. 

The ascorbic acid content of solutions of pure ascorbic acid, lemon juice and 
orange juice was quantitatively recovered by the mercuric acetate precipita- 
tion. The reduction with hydrogen sulphide must be effected in a slightly acid 
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medium, because otherwise, and especially in alkaline solution, reducing sulphur 
compounds can be formed. It is also important to mention that mercuric 
acetate solution removes many impurities, a fact which has proved to be very 
useful in our spectr ©graphic investigations. 

Experimental. 

Mercuric acetate solution . A 20 % solution in water was prepared and filtered 
after one day (some hydrolysis takes place). 

Precipitation ivith mercuric acetate solution. To the solution to be tested 
(which must be slightly acid, excess of acid being removed by CaC0 3 and filtra- 
tion) the mercuric acetate solution is added drop by drop till the precipitation is 
finished, the reaction taking place in a graduated centrifuge-tube. Care must be 
taken to avoid a large excess of mercuric acetate, which dissolves the precipitate 
more or less. After centrifuging, the solution is treated with H 2 S. After filtration 
the solution is left standing overnight, the H 2 S removed by nitrogen (controlled 
by lead acetate paper) and the titration is then carried out. 

Example, To 26 ml. of a dilute orange juice solution (titration value 6*5 ml. 
indicator per ml. solution) 86 mg. crystalline cysteine-HCl were added (4 mg. per 
ml.). This solution of ascorbic acid and cysteine decolorises after 1 minute 
about 6*9 nil. indicator per nil. solution (adding the indicator drop by drop to 
the solution). 18 ml. from this solution (after CaC0 3 treatment) required 3 ml. 
mercuric acetate solution and the procedure given above was followed. 

1 ml. solution required 6*43 ml. indicator, calculated if x 0*5 = 6*43 ml. The 
sodium nitroprusside test was completely negative. 

Summary. 

Cysteine, being a source of error in the determination of ascorbic acid by 
means of 2 : 6-dichlorophenolindophenol solution, is removed quantitatively by 
mercuric acetate solution. 
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Note added February 6th, 1934. Ergothioneine, which reduces the Indicator 
in acid solution, is also precipitated by mercuric acetate in acid medium. 
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(Received November 23rd, 1933.) 

T„, full rjfJ. 

w^ld- it is universally agreed that the outstanding chemical change to be ob 
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uote is to describe the effect of guaoidine derivative, 
nn the resniration of isolated tissues. 


Experimental. 

The statement of Meyerhof [1921] that guanidine depresses the rate of yeast 

we have u,»d for the the -tote i of 

nitons and rats- in addition experiments have been made -with rat s iivei an 
muscle and with rabbit’s blood and nerve. The guaindine 

were guanidine hydrochloride and carbonate and methylguamdme hydro 

Chl °T]moxv°'en consumption of the tissues in air was measured m Dixon and 
Elliott’s [1930] modification of the Barcroft apparatus, the details ^of the ^method 

in a. fnrmer naner I Gavrilescu and Peters, iaoij 


excent for the preparation of the material, a nas ueen ««« * ' f 

of this type the fineness and uniformity of division of the tissue are of the 
latest SpSance if concordant results are to be obtained; drscrepaiicies 
previously observed [c/. Gavrilescu and Peters, 1931] are probably to be ascribed 
foUsufficient attention to this point. In the present « 
immediately after the death of the animal was forced with ^y 

through a fine sieve; the muscles were crushed m a Latapie grmder. In this way 
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the tissues were obtained in a finely divided and homogeneous condition, and 
duplicate determinations usually showed differences of less than 2 %. 

0-1 g. of tissue was suspended in 3 ml. Ringer solution in the shaking-bottle 
of the Barcroft apparatus ; in the case of experiments with guanidine derivatives 
the latter were added, immediately before placing the apparatus in the thermo- 
stat, in the form of 0*1 ml, of a 1*5 % solution; the final concentration of 
guanidine derivative was therefore 0*05 %. In a few experiments (see Table I) 
this concentration was increased. No change in p^ resulted from the additions 
of guanidine derivatives. The results are shown in Table I, 

Table I. 

Average oxygen uptake in mm. 3 /g./hr. 

Guani- 
dine and 

^ Para- para- % lowering 

Control Guanidine thyrine tkyrine by guanidine 

A. Pigeon’s brain 1428 1291 9-6 

1497 1399 6-5 

1516 1468 3.1 

1638 1444 1564 11-9 

1521 1258 1464 17-3 

1336 1239 1286 7-1 

1667 1576 (1592, 1341)* 54 (5-0, 19-6) 

1344 1329 (1252, 1053)* 1-2 (6*8, 21*7) 

B. Rat’s brain 1723 1515 1727 1558 12 

1375 1291 1403 6*1 

1744 ■ 1347 1629 22*7 

1610 1476 1621 8*3 

1560 1347 1741 1503 7*2 

1777 1567 1604 11*9 

1476 1287 12*9 

1734 1377f 1604 1420f 20*6 

1763 1427 f 1747 1418t 19 

1728 1435f 1687 17 

C. Rat’s liver 572 536 544 540 6*3 


D. Rat’s muscle 


E. Rabbit’s blood 


F. Rabbit’s sciatic 277 207 25 

* 2T0X''V*0 

* Guanidine concentrations 0*25, 0*5, 1*2 %. 
t Metliylguanidine. 

Iii Table II are seen the results of an attempt to perform a similar experiment 
in vivo. Col. I shows the oxygen uptakes of the brains of six normal rats and col. 2 
those of the brains of three rats killed at the height of the symptoms of tetany 
induced by intraperitoneal injection of 0*5 g./ kg. of guanidine. 
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Table II. 


Oxygen uptake of rat’s brains in mm, 3 /g./br. 


Normal brains 

1723 

1744 

1610 

1734 

1763 

1728 


Average 1717 


Brains of animals killed at height of jbetany 
after intraperitoneal injection of 0*o g./kg. 
guanidine or metkylguanidine 

1283 

1511 

1594 


1462 


Discussion. 

It is clear from Tables I and II that in almost all cases the presence of 
cruanidine derivatives has a significantly depressant action on the oxygen uptake 
Sf the tissues examined. It may be noted that the effect is less marked with 
pigeon’s brain than with rat’s brain, and this may be correlated with the known 
fact that the toxic dose of guanidine is about twice as high for for rata 

It seems evident therefore that the general toxic effect of guamdme leadin 
to the production of symptoms of tetany, is to be ascribed m part at least to 
depression of tissue metabolism, in particular the metabolism of the brain. It s 
possible that this depression may lead to increased irritability of the respiratory 
centre and hence to alkalosis owing to excessive pulmonary ventilation. 

The few experiments in which parathyrme was added gave no indication of 
a direct antagonistic action between the parathyroid hormone and the s guam i me 
derivatives; our work does not therefore so far throw any light on the possible 
connection of guanidine intoxication with tetania parathyreopriva. 

Sttmmaby. 

The oxygen uptake of isolated tissues (brain, liver, muscle) is significantly 
depressed by the presence of guanidine or methylguamdme m approximately 

The oxygen uptake of the brain of rats poisoned with guamdme is lower than 
that of normal rat’s brain. 

wn/hforl in Pmf T. Oantacuzino for help with the animal experiments. 
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XXXVIII. THE DETERMINATION OF AMINO- 
ACIDS IN WHEAT FLOUR. 


By LESLIE WILLIAM S AM UEL. 

From the Rothamsted Experimental Station , Harpenden, Herts. 

(Received December 6th , 1933.) 

The work here reported was undertaken as a preliminary to the investigation of 
the changes in the amino-acid content of flour dough during fermentation. In 
order to study these changes it is necessary to stop the enzyme action at different 
times before extracting and estimating the amino-acid content, unless the extract 
can be prepared in a time negligibly short in comparison with the time that 
fermentation has proceeded, and provided that there is no production of 
amino-acid in the aqueous extract. A disadvantage of the freezing method 
employed by Brownlee and Bailey [1930] to inhibit enzyme action is that the 
enzymes are not destroyed, and may become active during the extraction if this 
is carried out at normal temperatures, so that observed results may not necessarily 
be due to fermentation in the dough. 

Denham and Scott Blair [1927] found that the variations in amino-acid 
content of flour-water suspensions for the first few hours after mixing, which 
were described by Swanson and Tague [1916; 1917], also occurred in the clear 
extract of the flour and concluded that the proteolytic activity of a flour could 
be measured by the increase in amino-acid content of the extract. The method 
of estimation used by Denham and Scott Blair, however, is open to criticism, as 
shown later. Swanson and Tague [1916] found that the amino-acid content of a 
flour extract increased on standing, but as their estimations were made weekly 
they are not comparable with those of Denham and Scott Blair [1927]. Herd 
[1931] reported that “the change in amino-nitrogen content of the flour extracts 
is negligible in all cases over a period of 118 hours,” but the change in titre 
reported by Denham and Scott Blah [1927] would not cause a significant change 
in the titres reported by Herd [1931], and differences in technique render the 
two sets of results not strictly comparable. 

In view of these apparently conflicting statements it seemed advisable to 
investigate the change in amino -acid content of a flour extract on standing, 
particularly for the period immediately after the separation of the flour. 

Methods based on the formaldehyde titration of Sorensen [1907, 1] and the 
alkalimetric titration of Foreman [1920] have been used in flour work, and the 
Sorensen method has always been found the most suitable, though in the data 
published by Cairns and Bailey [1928] on a comparison of the two methods, the 
Foreman titration was carried out in 50 % alcohol, and its rejection was therefore 
not entirely justified since in 50 % alcohol the polypeptides would titrate but 
only a part of the amino-acids [see Willstatter and Waldschmidt-Leitz, 1921]. 

Experimental. 

Although the procedures described by Swanson and Tague [1916] (for the Sorensen titration), 
by Foreman [1920] and by Harris [1923] (for a modified Foreman titration) all gave results accurate 
to within a few per cent, of the theoretical figures with pure amino -acids, these methods were 
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found to b© unsuitable for flour extracts, the Foreman and Harris methods because they involve 
the dilution of the extract with nine volumes of 95 % alcohol (and the amino-acid content of the 
extract is originally very small) and the Swanson and Tague method because the slight opalescence 
of the flour extract renders the final end-point with phenolphthalein or thymolphthalein some- 
what indefinite. The technique recommended by Brown [1923] for the formaldehyde titration of 
bacteriological media was therefore tried and was found very satisfactory. 

To 10 ml. of flour extract was added 0*2 ml. of phenol red solution and the solution titrated to 
p H 8-0 with N / 14 NaOH, using a micro-burette calibrated to 0*01 ml. The end-point was obtained 
by matching with a buffer solution of pn 8*0 in a comparator block. This titration (stage 1) 
represents the titratable acidity of the extract. To the sample were then added 8 ml. of com- 
mercial 40 % formaldehyde, 0*18 ml. of indicator solution, and the mixture was again titrated to 
p H 8*0. (0*18 ml. of indicator was added because the blank titration on the formaldehyde is about 
1 ml.). This second stage titration represents the alkali required both to neutralise the amino-acid 
in solution and to bring the formaldehyde to £> H 8*0. In each case suitable screens of extract and 
of diluted extract were used in the buffer side of the comparator block. This second stage titration 
was corrected by subtracting from the titre a blank titration to p H 8*0 of 8 ml. of formaldehyde 
diluted with 10 ml. of distilled water instead of bringing the formaldehyde to p n 8*0 before adding 
to the flour extract. No change in the blank titration was ever observed during the few hours 
occupied by the experiments to be described. 

The end-points obtained by this method were very sharp and distinct and were sensitive to less 
than 0*01 ml. of A T /14 NaOH. An endeavour to increase the sensitivity of the method by using 
N 1 100 alkali was not very successful owing to lack of distinctness of the end-point. Other indicators 
offered no advantage. 

It is recognised that, under the conditions of this work, titrating the test solution to a colour 
match with the standard buffer solution does not necessarily mean that the of the test solution 
and the buffer solution are the same [see Halton and Fisher, 1928], but the conditions are at least 
reproducible. Moreover, the electrometric determination of the of a solution containing 16 % 
of formaldehyde would introduce difficulties in the error of the junction potential with the 
formaldehyde solution. 


Table I. Amino-nitrogen in flour extract at various times . 


Titration 
Flour (a) 
1 


8 

9 

10 

Flour (b) 
1 


6 

Flour ( c ) 
1 


Time (mins.) 

Stage 1, 
ml. Nj 14. alkali 
per 2 g. flour 

Stage 2, 
mg. amino-N 
per 2 g. flour 

0 

0*21 

0*30 

10 

0*21 

0*30 

20 

0*21 

0*30 

60 

0*22 

0*30 

90 

0*22 

0*29 

120 

0*21 

0*30 

165 

0*21 

0*31 

225 

0*21 

0*30 

345 

0*22 

0*30 

495 

0*21 

0*31 

0 

0*24 

0*30 

10 

0*24 

0*30 

25 

0*23 

0*31 

40 

0*22 

0*30 

75 

0*23 

0*30 

120 

0*22 

0*30 

0 

0*31 

0*4-1 

20 

0*32 

0*42 

40 

0*32 

■ 0*41 

70 

0*32 

0*41 

120 

0*33 

0*41 

180 

0*32 

0*41 
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For the preparation of the extract the method described by Denham and 
Scott Blair was used. Flour, equivalent to 40 g. dry flour, was extracted by 
shaking for five minutes with 200 ml. of distilled water to which toluene had 
been added, the mixture centrifuged and the slightly opalescent extract decanted 
through a filter. The filtrate was titrated immediately and after various intervals 
of time. Representative results, given in Table I, for three different flours, 
(a) from a typical mill mixture, ( b ) from English wheat, (c) a 30 % low grade 
flour, show that there was no change in the amino-acid content of the extract 
on standing in the presence of toluene, nor was there any change in titratable 
acidity. 

$ urther experiments in tlie absence of toluene gave tlie same results, thus confirming the finding 
of Denham and Scott Blair that for short period experiments toluene did not affect the results. 
Similar results were obtained when the accuracy of the method was increased five-fold by titrating 
50 ml. of solution instead of 10 ml., so that the failure to observe an increase in amino-acid content 
with time was not due to the insensitivity of the method. Experiments were conducted in which 
the extract was maintained at 25° and 37° respectively, but no increase in amino-acid titration 
was obtained. 

That the flours used exhibited the phenomenon of increase in amino-acid content with increasing 
time of extraction is shown in Table II. This table also shows the increase in titratable acidity 
(stage 1) with increasing time, of extraction. This increase is due, at least in part, to an increase in 
the buffer value of the extract, caused by the production of inorganic phosphate from phytin by 
the action of phytase [Bailey and Peterson, 1921], but may also be due to the production of 
organic acids by fermentation processes. The low-grade flour (c) shows a much greater increase in 
amino-nitrogen than flours (a) or (6). 

Table II. Increase in amino-nitrogen ivith time of extraction . 



Stage 1, 

Stage 2, I 


ml. xV/14 alkali 

mg. amino -N 1 

Time of extraction 

per 2 g. flour 

per 2 g. flour ' 1 

Flour (a) ' 1 

5 

0*19 

0*30 . i 

20 

0*27 

0*32 ■ I 

35 

0-32 

0*35 ■ ' ■ 1 

50 

0*33 

0-35 ■ I 

Flour ( b ) I 

5 

0*24 

0*30 : 1 

15 

0*28 

0*33 I 

30 

0*33 

0*33 | 

55 

0*40 

0*37 . . 1 

75 

0*44 

0*38 1 

105 

0-49 

0*39 ' .. i 

Flour (c) 1 

5 

0-31 

0*42 1 

30 

0-56 

0*48 1 

60 

0-73 

0*54 

120 

0-85 

0*55 I 


Since the results shown in Table I are directly opposed to the findings of 
Denham and Scott Blair, the work was repeated, using the method of estimation 
described by these authors (an acid titration of one portion to p R 5*5 with 
inethyl red and an alkali titration of a second portion to “a full rose colour" 
with pheiiolphthalein 1 in the presence of formaldehyde) both in the presence and 
absence of toluene. With the mill mixture and English flours no increase in 
amino-acid content was obtained either with or without toluene, but the extract 
of the low-grade flour showed an increase in the titration with time whether 
1 For this end-point a buffer solution of 9*0 was used in the work here described. 
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Table III. Ammo-nitrogen content of extract of low-grade flour (no toluene). 


D enham and Scott Blair method Brown method 

* — 


Time 

mins. 

r 

ml. acid 
NjU 

_ — 

ml. alkali 
A T /14 

Total amino-N 
mg. per 2 g. flour 

r 

Stage 1 

Stage 2, 
mg. amino-N 
per 2 g. flour 

0 

0-11 

0-77 

0*88 

0*32 

0*41 

20 

0*11 

0*85 

0*96 

0*31 

0*41 

40 

0*11 

0*88 

0*99 

0*31 

0*40 

60 

0-12 

0*90 

1*02 

0*31 

0*41 

120 

0-14 

0*91 

1*05 

0*31 

0*41 


toluene were present or not. Some typical figures are given in Table III which 
show an increase in the amino-nitrogen content of the extract as estimated by 
the method of Denham and Scott Blair and no increase by the technique of 
Brown. Table IV shows the absence of any change in amino-nitrogen content 
of the “mill mix ture” and the English flour and the increase in the case of the 
low-grade flour by the Denham and Scott Blair method irrespective of the 
presence or absence of toluene. 

Table IV. Amino-nitrogen content of flour extracts with and without toluene . 


Denham and Scott Blair method 




r 

Without toluene 



— 

With toluene 

A 


Time 

r 

ml. acid 



ml. alkali Total amino-N 

ml. acid 

ml. alkali Total amino-N 

mins. 

NjU 

N\ 14 mg. per 2 g. flour 

Nl 14 

fv/14 mg. 

per 2 g. Hour 

English flour 

0 

0*06 

0*63 

0*69 

0*06 

0*63 

0*69 

30 

0*06 

0*62 

0*68 

0-06 

0*63 

0*69 

60 

0*06 

0*64 

0*70 

0*06 

0*63 

0*69 

120 

0*06 

0*63 

0*69 

0*06 

0*63 

0*69 

240 

0*06 

0*63 

0*69 

0*06 

0*63 

0*69 

Mill mixture 

0 

0*07 

0*60 

0*67 

0*07 

0*61 

0*68 

30 

0*07 

0*60 

0*67 

0*07 

0*60 

0*67 

60 

0*07 

0*61 

0*68 

0*07 

0*61 

0*68 

120 

0*07 

0-61 

0*68 

0*07 

0*61 

0*68 

Low grade flour 

0 0*10 

0*79 

0*89 

0*11 

0*80 

0*91 

30 

0*11 

0*88 

0*99 

0*11 

0*89 

1*00 

60 

0*11 

0*92 

1*03 

0*12 

0*92 

1*04 

120 

0*12 

0*94 

1*06 

0*13 

0*94 

1*07 

180 

0-13 

0*96 

1*09 

0*13 

0*95 

1*08 


The slight discrepancies between the amino -nitrogen content of the low grade extract with and 
without toluene are due to the technique of this experiment which was to prepare several hundred 
ml. of extract, divide this into two portions and add toluene to one portion. Each portion was then 
titrated in turn, so that before the initial titration the “toluene 55 extract had stood a slightly 
longer period than had the “no toluene” extract, and this is reflected in the slightly higher amino- 
nitrogen content of the “toluene” extract. 

Table III also illustrates the great difference in the absolute magnitude of the 
amino-acid content as determined by the two methods; that obtained by the 
Denham and Scott Blair method (the sum of the two titrations) being some two 
to three times as great as that obtained by titrating to the same before and 
after the addition of the formalin solution. This discrepancy is due to the 
titratable acidity and buffer capacity of the flour extract which are included as 
amino- acid by the Denham and Scott Blair method. 


AMINO-ACIDS IN WHEAT FLOUR 


AMINO- ACIDS IN WHEAT FLOUR 277 

Though the main object of this investigation had been accomplished in 
showing that no measurable proteolysis occurred in the flour extracts for the few 
hours immediately subsequent to the separation of the flour, it was thought to 
be of interest to try and explain the anomalous result obtained with the low- 
grade flour. Extracts of this flour, prepared as described above, were analysed 
in the following manner after various periods of standing. 10 ml. of extract were 
titrated with -ZV/14 HOI to 5*5 as in the Denham and Scott Blair method. 
To another 10 ml. was added 0*2 ml. of thymol blue indicator and the solution 
titrated to match successively the colours in buffers of p R 8*0, 8*5, 8*7 and 9*0; 
formaldehyde and further indicator solution were then added and the mixture 
again titrated to these end-points. Table V shows the results obtained in one 
such experiment when toluene water was used for the extraction. The amino- 
acid by the method of Denham and Scott Blair is the sum of the titration to 

5*5, the titratable acidity and the amino-acid by the method of Brown. 

From Table V it is seen that there is no change in the buffer value of the 
solution as shown by the acid titration to p H 5*5 and the alkali titrations to 


Table V. Determination of amino-acid at various times in the aqueous extract 
of a low-grade flour by the methods of Brown and of Denham and Scott Blair . 


Time in mins 


from first titration 
' from mixing 


Add titration to p H 5*5; ml. iY/14 HC1 


/Titration before adding formalde- 
hyde; ml. Nl 14 NaOH 

Pn j Amino-nitrogen mg. Brown 

per 2 g. flour Denham and 

' Scott Blair 


Pn 8*5 


Titration before adding formalde- 
hyde; ml. iY/14 NaOH" 

Amino-nitrogen mg. Brown 
per 2 g. flour Denham and 

Scott Blair 


Pn 8*7 


Titration before adding formalde- 
hyde; ml. 17/14 NaOH 

Amino-nitrogen mg. Brown 
per 2 g. flour Denham and 

Scott Blair 


Pn 9*0 


Titration before adding formalde- 
hyde; ml. 17/14 NaOH 

Amino-nitrogen mg. Brown 
per 2 g. flour Denham and 

Scott Blair 


0 

20 

40 

60 

120 

20 

40 

60 

80 

140 

0*10 

0*10 

0-10 

0*10 

0*10 

3i 

0*31 

0*31 

0-31 

0*31 

0-42 

0-41 

0*42 

042 

041 

0-83 

0-82 

0-83 

0*83 

0-82 


•39 

0*38 

0*39 

0*39 

0*38 

0*38 

0*38 

0*38 

0-38 

0*38 

0*87 

0*86 

0*87 

0*87 

0*86 

41 

0*40 

041 

042 

041 

0-36 

0*35 

0*35 

0*34 

0*35 

0-87 

0*85 

0*86 

0*86 

0*86 

48 

0*48 

0*48 

04,8 

0*48 

0-28 

0*33 

0*38 

040 

0*48 

0*86 

0*91 

0*96 

0*99 

1*06 


p H 8*0, 8*5, 8*7 or 9*0 respectively. Also this latter titration indicates that there 
is no change in the titratable acidity of the extract on standing. The amino- 
acid by the method of Brown is less the higher the to which the solution^ is 
titrated, in accordance with the theory of the titration. At 8*0, 8*o and 8*7 
there is no increase in amino-acid as estimated by either method, but at 9*0 
there is an increase by both methods. 

It was suspected that this increase at pjj 9*0 was due to the production by 
enzyme action of substances containing both carboxyl and amino -groups but 
which did not become titratable even under the action of formaldehyde until 
p H 9*0 was reached. If so, such increase might be enhanced were the enzyme 
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allowed to act on the flour substrate instead of on extracted protein only. A 
suspension of 40 g. of “dry” flour in 200 ml. of distilled water was allowed to 
autolyse at 27°. From time to time samples were taken, centrifuged, filtered and 
the filtrate titrated to p E 8-0, 8-5, 8-7 and 9-0 respectively as before. The 
results of one such experiment are shown graphically in Fig. 1, plotting amino- 
nitrogen against time. 



Fig. 1. Amino -nitrogen in flour-water digest at various times. 


Initially the amino-acid content is lower the higher the used, as is to be 
expected, and all values increase with time. This increase is due to, further 
extraction 1 of the amino-acids from the flour and also to the production of 
amino-acids from the proteins. The rapid increase for about an hour is due 
a lm ost entirely to extraction, the subsequent slow increase is due to proteolysis, 
and the slope of this second portion of the graph measures the proteolytic 
activity of the flour. The graphs at p H 8*0, 8*5 and 8-7 are practically parallel, 
hut the graph for p H 9*0 crosses the other graphs, indicating the more rapid 
production of substances titratable at p H 9*0. 

The addition of yeast to a flour- water suspension did not enhance this effect, 
because the amino-acid produced was used by the yeast in its metabolism, and 
this rendered difficult the interpretation of the results from the standpoint of 
the present work. The indications were, however, that at each estimation after 
the first a greater titration was obtained at 9*0 than at p H 8*0 after the 
addition of formaldehyde. There was also evidence that the titration at p H 8*7 
was increased in the presence of yeast. 

Table VI shows the results obtained from a takadiastase digest of the gluten 
washed from this flour. The amino -nitrogen estimated at p H 9*0 increases more 

1 It may be noted that extraction was complete in one hour, so that the method of estimating 
amino-acids in flour given in the Methods of Analysis of the Association of Official Agricultural 
Chemists, p. 168 (3rd edition, 1930), which requires extraction for a three-hour period, measures 
not only the amino-acid originally present, but also that produced by some two hours’ proteolysis, 
unless the extraction be carried out at a low temperature. 
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Table VI. Amino-nitrogen (mg. per 10 ml. of solution) formed in a gluten- 

takadiastase digest. 


Time Titra- 
hours tion 


Pn 8'0 


p H 8-5 


Pn 8-7 


Pn 


0 1 0-06 

2 

0*00 

0*06 

0*00 

<007 

0*00 

<0*08 

0*00 

1 1 0-10 

2 

0*05 

0*12 

0*03 

0*13 

0*02 

0*14 

0*02 

2 1 0*12 

2 

0*06 

0*14 

0*04 

0*15 

0*06 

0*16 

0*07 

3 1 0*14 

2 

0*09 

0*16 

0*07 

0*17 

0*09 

0*18 

0*10 

4 1 0*16 

2 

0*12 

0*18 

0*10 

0*19 

0*12 

0*21 

0*13 

5 1 0*18 

2 

0*14 

0*20 

0*12 

0*22 

0*14 

0*23 

0*18 

Titration 1 : initial alkali titration. 

Titration 2: alkali titration in presence of formaldehyde less 

the formaldehyde 

blank, i.e. 


amino-nitrogen. 

rapidly than that at p H 8-0. In all cases the amino-nitrogen at p B 8*5 is 
less than that at p H 8-0 for the corresponding time in accordance with theory, 
but it is clear that the substances affecting the estimation at p n 9*0 are also 
exercising an influence at p H 8*7, but to a lesser extent. The action of taka- 
diastase on the gluten is thus comparable with the changes occurring in the 
flour extract and in the flour suspension. 

No such abnormal increase at p B 9*0 was obtained in pepsin digests of 
gluten, caseinogen or egg- albumin. 

An acid hydrolysis of the moist gluten from this low-grade flour was followed 
by estimation of the amino-acid from time to time by titration to p H 8*0, 8*5, 
8*7 and 9*0 respectively as before. The results shown in Table VII indicate that 
hydrolysis was normal, and that the amino-acid estimated at p E 9*0 is always 
less than that at p H 8*0. 

Table VII. Amino-acid formed in acid hydrolysis of flour-gluten. 

mg. of amino-nitrogen at 


Time 

r 

A 


— x 

hours 

Pn 8-0 

Pn 8*5 

Pn 8‘7 

Pn 9*0 

0 

0*00 

0*00 

0*00 

0*00 

0*5 

0*65 

0*62 

0*60 

0*52 

1*0 

0*84 

0*81 

0*80 

0*76 

2*0 

0*93 

0*88 

0*88 

0*82 

3*0 

1*02 

0*98 

0*98 

0*91 

6*0 

1*06 

1*03 

1*03 

0*98 

9*0 

1*09 

1*05 

1*05 

0*98 


To determine, if possible, the class of substance responsible for the abnormal 
increase, various materials probably occurring in the flour- water suspension were 
titrated to p H 8*0, 8*5, 8*7 and 9*0 respectively before and after the addition of 
formalin. Neither protein, peptone nor amino-acid solutions showed any 
increased titration at p B 9*0. Indeed all showed the expected decrease in 
titration with increase in value. These results are shown in Table \TII. All 
possible mixtures of these solutions were titrated similarly, and the. values 
obtained were strictly additive and gave no evidence of an increased titration 
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at 9*0 but showed the same reduction in titration as is illustrated in 
Table VIII. In each case the requisite amount of solution was taken, diluted to 
10 ml. and then titrated. 

Table VIII. Amino-add estimation at p H 8-0, 8-5, 8-7 and 9-0 respectively. 


Phenol red Thymol bine 

A A 


Titration ml. JV/14. NaOH 


Pn 7*0 

Pn 8*0 

Pn 8*0 

Pn 8 * 5 

Ph8*7 

Pn 9*0 

Egg-albumin 

1 

0*03 

0*08 

0*08 

0*09 

0*10 

0*11 


2 

0*21 

0*25 

0-25 

0*24 

0*23 

0*20 

Peptone 

1 

0*06 

0*11 

0*11 

0*16 

0*18 

0*20 

2 

0*18 

0*18 

0*18 

0*15 

0*14 

0*09 

Alanine (theory 0*91 ml.) 

1 

0*01 

0*02 

0*02 

0*06 

0*09 

0*12 

2 

0*74 

0*89 

0*89 

0*87 

0*86 

0*81 

Glutamic acid hydrochloride 

1 

1*82 

1*83 

1*83 

1*89 

1*92 

2*01 

(theory 0*91 mi.) 

2 

0*57 

0*88 

0*88 

0*83 

0*81 

0*76 


Titration 1 : solution without formaldehyde. 

Titration 2: difference between titrations before and after the addition of formaldehyde 
corrected for the blank titration, i.e. titration due to amino-acid. 

Owing to the large titration to neutralise the solution of glutamic acid hydrochloride, extra 
indicator was added to obtain the same indicator concentration as in the buffer solution. Also the 
formaldehyde blank was determined on 8 ml. of formalin diluted with 12 ml. of distilled water. 


Discussion. 

The results obtained in this study of the estimation of amino-nitrogen in 
wheat flour show that extraction is complete in about one hour, and that no 
further formation of amino-acid occurs in the extract after separation from the 
flour. In the case of one flour, a low-grade, there was an apparent increase in 
amino-nitrogen in the extract when the estimation was carried out at p H 9-0, 
but no increase at the lower p u values used. 

This increase is not due to more complete neutralisation of the amino- acids 
at the higher p H , for the more recently published titration curves for individual 
amino-acids in the presence of formaldehyde show that neutralisation is corn-' 
plete at 8-0 1 [Brown, 1923; Harris, 1929]. In Table VIII the low results at 
p H 7*0 are due to incomplete neutralisation of the amino-acid in the presence of 
formaldehyde, and the low results at p H >8-0 are due to partial neutralisation 
of the amino-acids before the addition of formaldehyde. That the maximum 
titration at $> H 8*0 is slightly less than the theoretical titration value of 0*91 ml. 
is also due to this latter factor. 

Moreover, the facts that in the case of the flour extract, the flour suspension 
and the takadiastase-gluten digest, lower titrations were recorded at 8*5 
than at 8*0, and that there is not a progressive increase in titration with 
increase in p u indicate that completion of neutralisation of the amino-acids is 
not the explanation of the phenomenon. 

If it be accepted that the formaldehyde titration estimates carboxyl groups 
that become titratable because of the action of formaldehyde on the amino- 
groups, then the observed increase at _p H 9*0 is due to an increase in the number 

1 Since the above was written a recent paper by Van Slyke and Kirk [1933] has been received 
which shows titration curves of amino-acids compiled from various authors. The titration curves 
in the presence of formaldehyde show that neutralisation is not complete before p H 9*0. However, 
these curves were “estimated from end-points at p H 9 to 10, given by Sorensen 55 [1907, 2], and are 
said to be “ only approximately exact 55 [Van Slyke and Kirk, 1933, p. 657], so that the experimental 
curves of Brown [1923] and of Harris [1929] are the more reliable. 
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of carboxyl groups (or amino-groups affected by formaldehyde) which, even 
in the presence of formaldehyde, do not titrate until p H 9-0 is reached. That 
such increase is not due to the production of amino-acids in the usual sense of 
this term is shown by the titration values at p R 8-0. Nor is this increase due to 
the production of proteoses or peptones, as shown by a pepsin digestion, though 
it occurs in a takadiastase digest of gluten. It is therefore due to substances 
formed in the enzymic hydrolysis of the proteoses or peptones formed from 
gluten. A combination of carboxyl and amino-groups in a compound of very low 
acid dissociation constant may be expected in a substance intermediate between 
the polypeptides and the amino-acids. Such a substance, under the action, of 
formaldehyde, would not affect the amino-acid estimation at p R 8*0 because of 
its very low acid dissociation constant but would become titratable at p R 9*0. 
Then in the flour extract, if the proteins present are broken down, not to their 
constituent amino-acids but to some slightly larger grouping of a few amino- 
acids, this would be estimated at p R 9*0 and not at p R 8*0 and would explain 
the experimental results. 

Although only one of the four flours examined to date has shown this 
phenomenon of increase in amino-nitrogen at p R 9*0 and not at p H 8*0, it seems 
from the work of Denham and Scott Blair and of Halton (unpublished) that it 
may be of more common occurrence than this would indicate. 

In considering the question of protein changes in a flour dough it is necessary 
to take into account any such change as is indicated in this paper, for the 
physical properties of the dough will be affected by any protein degradation 
whether the decomposition be carried as far as the amino-acid stage or not. 

Perhaps it should be emphasised that titration to p R 9*0 before and after 
the addition of formaldehyde is not advocated as a method of estimating 
amino-acids, but that in conjunction with an estimation at p H 8*0 it may yield 
some information not afforded by the amino-acid estimation alone. 

Summary. 

L The claim that proteolysis occurs in flour extracts has been studied for the 
few hours immediately subsequent to separation of the extract. 

2. The technique of Brown for the estimation of amino- acids by the 
Sorensen method has been applied to flour extracts. 

3. Proteolysis, as measured by the production of amino-acids, did not occur 
in the flour extracts studied. 

4. For one flour of the four studied (a low-grade) the amino-acid determina- 
tions made on the extract at varying p B values showed an increase with time if 
the solution were titrated to p- R 9*0 before and after the addition of formaldehyde, 
but no increase if the titration were carried to p R 8*0 only. 

5. It is suggested that this is due to the enzymic production of substances 
containing carboxyl and amino-groups and having a low acid dissociation con- 
stant, which do not titrate even in the presence of formaldehyde until p R 9*0 is 
reached. 

The author is indebted to the University of Western Australia for the award 
of a Haekett Research Studentship during the tenure of which this work was 
carried out, to Sir John Russell, Director of Roth.am.sted Experimental Station, 
for placing at his disposal the facilities of the Station, and to the Research 
Association of British Flour Millers for the flours used in this work. His thanks 
are due to Dr A. G. Norman, Dr P. Halton and Mr G. W. Scott Blair for their 
assistance and advice. 
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XXXIX. A HORIZONTAL MICRO-BURETTE. 


By EDWARD JOSEPH CONWAY, 

From the Department of Physiology and Biochemistry , 

University College , Dublin. 

(Received December 22nd , 1933.) 

In titrations where we are restricted to determining minute quantities it is 
necessary to keep the final volume of fluid as low as possible, for in this way we 
decrease the amount of added reagent necessary to produce an observable change 
in concentration around the end-point and so minimise the total error. The 
accurate delivery of small volumes needs special burettes. With the Bang 2 ml. 
burette the percentage error of delivering 2 ml. is greater than the percentage 
error of delivering 50 ml. with the ordinary burette. Expressed as a coefficient 
of variation the ratio is in fact 0*11 to 0*05. Owing however to the large re- 
duction of volume, and provided we are dealing with quantities below a certain 
level (about 10~ 5 equivalent), increased accuracy is secured with the micro- 
burette, the advantage being greater the smaller the quantity. At the same 
time the use of standard solutions ten times more concentrated — and hence in 
general more stable — is an important added advantage. 

It is occasionally required to titrate quantities so minute that a burette 
delivering volumes of the order of 0-1 ml. is necessary. If the principle of 
delivering from a vertical burette is retained the delivery error alone rises to 
0*45 — expressed as a coefficient of variation. In Rehberg’s burette [Rehberg, 
1925] this delivery error appears to be much lessened by the principle of ex- 
pelling the fluid by a mercury column controlled by a screw. The percentage 
error of delivery however can be reduced to about one-fourth the above figure 
by the simple expedient of delivering from a horizontally placed graduated 
tube. The accuracy obtained is as great as in Rehberg 5 s burette but the ease 
of construction and cleaning is much greater. The percentage error of deliver- 
ing 0*1 ml. with the horizontal burette here described is practically identical 
with the error of delivering I ml. with the Bang 2 ml. burette. It can therefore 
be substituted for the Bang burette over the whole range of micro-work. It 
titrates minute quantities (of the order 10~ 6 equivalent, or less) with substan- 
tially greater accuracy and permits the use of fluids ten times more concentrated 
and under better conditions of security from contamination by the carbon 
dioxide of 'the air or by alkali from glass surfaces — the delivered fluid having 
been in contact only with pyrex or paraffined walls. 

Description of the burette . 

Eig. 1 illustrates the structure of the burette. A is a piece of thermometer 
tubing of approximately 1 mm. bore graduated in centimetres and millimetres 
and placed horizontally. It is joined by a small length of pressure tubing to 
tube B. To B is attached the delivery tube and tap C and also the connecting 
tube and tap D communicating with the small container E on a hinged platform 
with support. Behind tap D a small window is cut in the wooden supporting 
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frame to allow free manipulation. All tubing except the graduated thermometer 
tubing (and this also if possible) should be made of pyrex glass. An advantage 
may be secured if the tube adjoining the graduated tube has twice or more 
the internal bore of this latter for then the volume of fluid in the graduated 
tube will be small, in comparison and the emerging fluid will have been in 
contact only with the pyrex glass or the paraffined walls of the container. The 
cleansing required for a smoothly running meniscus is very easily done by 
detaching the graduated tube and cleaning by any of the ordinary methods. 
It may as a rule be cleaned sufficiently well using alcohol and ether. After 
cleansing it is replaced with the glass ends in contact and washed out with a 



few drops of fluid from the container. The small hydrostatic pressure (5, 10 or 
more cm.) ensures a uniform delivery without drainage owing to the horizontal 
position. The rate of delivery may be found inconveniently rapid unless the 
delivery tip is very finely constricted. It is then liable to become blocked by 
any small solid particle. A simple and efficient method of adequately con- 
trolling the full delivery rate with open tap so that fine adjustments of the 
meniscus may be made on turning consists in attaching a glass tube to the end 
of the graduated section as in Eig. 1 (F). This dips into water below, contained 
in — say — a 25 ml. beaker. By sucking up some w r ater in this tube and attaching 
the clip, the delivery pressure of the burette is diminished and controlled as 
desired. 

The use of good quality thermometer tubing will ensure uniformity of bore 
and lengths of 25 or 50 cm. may be used as desired. With an internal bore of 
1 mm. approximately 128 divisions on the burette correspond to a volume of 
0*1 ml. For the container a 100 ml. reagent bottle — paraffined inside when weak 
alkalis are used will be found suitable. 

The vertical length of the delivery tube may be varied to suit the particular 
fluid containers used, whether small beakers, centrifuge -tubes or the special 
absorbing apparatus described in a previous communication [Conway, 1933]. 
A standard length of about 10 cm. will suit nearly all containers. Along this 
delivery tube a fine pyrex tube may be attached by an elastic band or bands 
at the top and connected with an air-blower for stirring when centrifuge-tubes 
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or other such containers are used. The tip of the delivery tube may be immersed 
in the fluid to be titrated or immersed after the emergence of some fluid. If 
this method is not used a fine pyres rod will be found suitable for removing 
small quantities of fluid from the tip and an amount representing a millimetre 
division on the graduated tube may be quite easily controlled in its emergence 
and transference to the titrated fluid. 

The standardisation of the burette can be carried out by weighing the total 
of five or more deliveries of the graduated section with subsequent reference to 
correction tables for transferring grams to millilitres [e.g. those given by Stott, 
1928]. A titration method may be also used. In the actual use of the burette 
it is however rarely required to know the volume delivered in ml., the length 
of the fluid column in the graduated tube corresponding on titration to a 
measured quantity of standard fluid being taken as the reference figure. This 
has the advantage of standardising at the same time the fluid in the burette. 

To illustrate the action of the burette the variable error of delivering 0*1 ml. 
will be considered as well as a series of titrations of 10~ 3 * 7 milli-equivalents of 
sulphuric acid. 

The variable error of delivering 0-1 ml. expressed as a coefficient of variation. ' 

This error was Investigated by a titration method. Deliveries of 0*1 ml of 
N sulphuric acid represented by 128 mm. on the graduated tube were made 
into a small pyrex dish. The deliveries were successively titrated with Nj 10 
carbon dioxide-free alkali from a 2 ml. standard Bang burette, a little indicator 
mixture of methyl red and methylene blue being added. A similar series of 
titrations was carried out where 1*0 ml. of A/10 sulphuric acid was delivered 
from another standard 2 ml. burette. The amount of acid titrated in both series 
was therefore the same and the amount of alkali necessary to change the colour 
of the indicator of negligible quantity owing to the strength of the solutions. 
The only difference affecting the variable error between the two sets is that 
arising from the delivery of 0*1 ml. from the horizontal burette and of 1 ml. 
from the Bang burette. The difference of the squares of the coefficients of 
variation for the two sets of titrations is therefore the difference between the 
squares of the coefficients for delivering these volumes. The coefficients of 
variation for the two sets were 0*26 and 0*25 respectively. Also the coefficient 
of variation for delivering 1 ml. from the Bang burette was found from 20 suc- 
cessive weighings to be 0*11 + 0*02 so that it may be readily calculated that the 
coefficient for the horizontal burette delivery of 0*1 ml. is 0*12. Subsequent 
and similar series gave 0*10 and 0*15, so that 0*12 may be taken as the approxi- 
mate coefficient of variation for delivering 0-1 ml with the burette described 
here. 

The variable error of titrating 1 ml. of 0-0002N sulphuric acid illustrating 
the minimum variable error of acidimetric titration. 

The object of determining this error is to ascertain the least amount of alkali 
or acid which can be discriminated in practice by titrating with the burette. 
If we consider the titration of 1 ml. of A/10 acid delivered for example from a 
1 ml simple pyrex pipette (drawn out tube — length 17*5 cm.) the coefficient of 
variation in millimols of KOH is 25 x !0~ 5 . Where Nj 100 fluids are used the 
standard deviation in millimols is ten times less, and further reduction In the 
strength of the fluids will progressively reduce the standard deviation expressed 
In absolute units. We reach a point however when the standard deviation so 
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expressed becomes constant. This limit of standard deviation sets the limit of 
our discrimination and is proportional to the total buffering power of the fluid 
at the end multiplied by the indiscernible range here of the p n figure. The limit 
is reached for the present horizontal burette when the quantity of acid titrated 
is in the region of 16“ 4 millimol. 

Table I shows the first seven of a series of 20 titrations of 1 ml. of acid- 
indicator mixture of strength 0*0002 A T with 0*001 N carbon dioxide-free alkali. 
The acid was of a kind previously described [Conway and Byrne, 1983] con- 
taining 20 % alcohol, 0*0008 % methyl red and 0*00016 % methylene blue. The 
standard deviation in millimols was found to be 1*7 x 10“ 6 . The total quantity 
of fluid at the end-point was 1*2 ml. contained in about 1 mi. 


Table I. 




Burette reading 

Burette reading 

No. of 

Quantity of acid 

(0*001 N KOH) 

as percentage of 

titration 

millimols 

cm. 

mean reading 

1 

10~ 3 * 7 

25*6 

101*2 

2 

?» 

25*2 

99*6 

3 


25*5 

100*8 

4 


25*1 

99*2 

5 

' 

25*3 

100*0 

6 


25*3 

100*0 

7 

r> 

25*5 

100*8 


The above figures give the results of the first seven titrations of a series of 20. In each case 
1 ml. of 0-0002 A T sulphuric acid containing 20 % alcohol, 0*0008 % methyl red, and 0*00016 % 
methylene blue, was titrated. The pyrex pipette used for delivering the acid delivered with a 
coefficient of variation of 0*16 %. The coefficient of variation of the individual titration was 
0*85 %. The widest variations in the series were 1*6 and -2*0 % of the mean representing 3*2 
and - 4*0 x 10“ 6 millimol respectively. The mean error of the burette reading on a single deter- 
mination was 1*85 mm. This represents 1*48 x 10~ 6 of a millimol and corresponds almost exactly 
to the error described for the Rehberg burette [Rehberg, 1925]. 


For titrations in atmospheric air it is not possible to diminish this figure 
appreciably for the above volume by titrating closer to a p R of 7*0, for any 
diminution of the buffering power of the water secured thereby is more than 
counterbalanced by the rapidly increasing buffering power of the carbon dioxide 
of the air as well as by the instability of the end-point. The carbon dioxide of 
the air will be in equilibrium with distilled water of approximately 5*6, so 
that the methyl red indicator has the great advantage that its point of maximum 
sensitivity lies hi the same region. 

In a carbon dioxide-free atmosphere and titrating to p H 7*0 with the above 
glassware and similar fluids and volumes it is possible to decrease the standard 
deviation from 1*7 x 10~ 6 to 0*5 x 1Q~ 6 millimol KOH, provided we substitute 
for the indicator mixture one equally sensitive at a _p H of 7*0 and provided also 
our alkali is perfectly carbon dioxide-free. 

The horizontal micro-burette has been found of value in the following 
procedures. 

(1) It may be substituted for the Bang burette over the whole range of 
micro-titration, being more accurate for the lower ranges (10™ 3 m.eq. or less 
with acidimetric titration) and of the same accuracy for the higher. It possesses 
the added advantage of permitting the use of standard solutions ten times more 
concentrated. The 160 ml. storage bottle will permit the easy filling and delivery 
of 56 cm, length of the graduated section 250 times without any contact with 
the carbon dioxide of the atmosphere. The graduated section alone need be 
cleaned for a smoothly running meniscus. 
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(2) In the micro- titration, of ammonia and urea as described in a previous 
communication [Conway, 1933] it can be substituted advantageously for the 
Bang 2 ml. burette. For example in the estimation of urea in 0-2 nil of blood 
1 ml of 0-1 N sulphuric acid may be placed in the central chamber of the 
absorbing unit and titrated with 0*025 j\T carbon dioxide-free alkali. 50 cm. 
length of alkali will titrate the acid (otherwise a factor is introduced) and the 
calculation is simply the multiplication by 3 of the cm. of alkali on the graduated 
tube corresponding to the urea-ammonia. This gives the result in mg. urea per 
100 ml. blood. 

(3) The burette has been used for the estimation of ammonia in normal 
blood in conjunction with the absorbing unit described in a previous communi- 
cation [Conway, 1933] and according to a procedure to be subsequently described. 

(4) It has been used for the micro-titration of benzidine sulphate precipitates 
in centrifuge-tubes in the manner described by Cope [1931] with the Rehberg 
burette. 

(5) It is useful in various micro -thiosulphate titrations permitting the use 
of comparatively concentrated standard solutions. 

(6) It can be used for the very accurate delivery of small volumes of fluid 
of which a comparatively large quantity is available. It will deliver 0*1 ml. 
with from one-half to one-third the error of an Ostwald pipette, and more 
accurately than the ordinary analytical balance can be relied upon to weigh. 

(7) It may be used as a very accurate wash-out pipette for very small 
volumes of blood or serum. In using it for this object water is sucked up in 
tube F (Fig. 1) to the highest level, the meniscus in the graduated tube being 
previously adjusted to some point near the end of the graduations. On opening 
the delivery tap there is now a suction pressure created which may be used to 
suck in a volume of blood which will be registered by the movement of the 
meniscus in the graduated tube. The exact volume taken in is thus measured 
and may then be delivered with an exact volume of wash-out water. It will 
be seen that this method is very convenient for small volume measurements 
which need not be exactly represented by tenths of a ml. 


Summary. 

A simple micro-burette is described which can be easily assembled from 
pyrex thermometer tubing and graduated tubing. It delivers volumes of the 
order of 0*1 ml. and may be used for all micro-titrations. It is particularly 
suitable for titrating quantities of acid of the order 10~ 6 equivalent or less. 
Its error for delivering 0*1 ml. expressed as a coefficient of variation is 0*12 % . 
Its error for titrating 1 ml. of 0*0002 N sulphuric acid is 1*7 x 1Q“ 6 expressed as 
a standard deviation in millimols of alkali. 
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XL. VITAMIN A AND CAROTENE. 

XL THE DISTRIBUTION OF VITAMIN A IN 
THE ORGANS OF THE NORMAL AND 
HYPEKVITAMINOTIC RAT. 

By ALAN WILLIAM DAVIES and THOMAS MOORE. 

From the Nutritional Laboratory , University of Cambridge 
and Medical Research Council . 

[Received January 6th , 1934.) 

In a previous paper Moore [1931] described the distribution of vitamin A and 
carotene, as determined by colorimetric methods, in the organs of rats which had 
received large amounts of carotene as red palm oil or carrot-fat. It was found on 
the one hand that unchanged carotene persisted throughout the alimentary 
tract, while on the other a high concentration of vitamin A accumulated in the 
liver. Outside the liver only small amounts of vitamin were detected. Thus the 
concentration in the storage fat was only about 1/100,000 of that found in the 
liver-fat, while in most other tissues, which of course contained only small 
percentages of fat, the amounts of vitamin present were too small to he detected 
by colorimetric means. In agreement with previous biological experiments by 
Sherman and Boynton [1925] however and with the subsequent work of 
Simmonet and Busson [1932] the kidney and lungs gave faintly positive reactions 
in some cases. It was concluded that the liver must not only be able to store 
vitamin A to a much greater extent than any other organ, but must also in a 
complementary sense play a large part in keeping the concentration of vitamin A 
throughout the rest of the body within prescribed limits. This question was 
discussed further in the case of the cow [Moore, 1932, 1]. 

The exper im ents described below were carried out as an extension of the 
previous work in order to keep pace with recent developments in our knowledge 
of the physiological behaviour and significance of vitamin A as studied from 
other angles. In the first place work on the vitamin A of human livers obtained 
at autopsy has shown that chronic nephritis is one of the most noteworthy of 
those diseases which are characterised by the occurrence of a high proportion of 
cases having subnormal vitamin A reserves [Wolff, 1932; Moore, 1932, 2], while 
the same tendency, although to a much less well marked extent, is noticed in 
bronchitis and pneumonia [Moore, 1932, 2 ; Fox, 1933]. It is therefore of interest 
to decide whether measurable amounts of vitamin A are normally present in the 
kidneys and lungs, and how far these organs are to he differentiated from others 
in this respect. Secondly it seemed desirable to extend the previous work to 
include rats which had received large amounts of vitamin A in place of carotene. 
Finally the ready availability of comparatively pure preparations of vitamin A 
has led to the confirmation by many workers of Takahashi’s original finding that 
excess of vitamin A has a toxic action [Takahaslii et al., 1925; Harris and Moore, 
1928; 1929; Brigalski, 1933; Moll et al. } 1933; Bomskov and Seemann, 1933; 
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Collazo and Rodriguez, 1933], Knowledge of the distribution of vitamin A in the 
organs of rats suffering from hypervitaminosis must obviously be of interest as a 
step towards the elucidation of the cause of the toxic action. 

Experimental. 

Vitamin A was assayed colorimetrically, using the alkali digestion technique 
[Davies, 1933], in the organs of albino rats which had been given varying amounts 
of carotene or vitamin A for varying periods. In the case of small organs, or 
organs containing small amounts of vitamin, the fat obtained after digesting the 
tissues was made up in I or 2 ml. of chloroform instead of in the 5 ml. usually 
employed in routine work. 

The presence of vitamin A in the kidneys of rats having moderate liver reserves. 

Five rats which had been used in vitamin A tests, and which presumably 
possessed negligible vitamin A reserves at the end of the test period, were given 
for several weeks a diet containing carotene as 15 % of red palm oil, with the 
addition of carrots in some cases. Vitamin A was assayed in the liver, kidneys, 
lungs and (in 3 cases) the intraperitoneal fat. The results are given in Table I. 


Table I. Mats having moderate liver reserves . 



Rat 1 q 

A 

Rat 

■2<? 

Rat 

3 c? 

Rat 4 

o 

Rat 

O Q 


Total 

B.U. 

Total 

B.U. 

Total 

B.U. 

Total 

B.U. 

Total 

B.U. 


B.U. 

per g. 

B.U. 

Per g. 

B.U. 

per g. 

B.U. 

per g. 

B.U. 

per g. 

Liver 

900 

90 

1200 

150 

1500 

150 

1000 

100 

500 

50 

Kidneys 

10 

5 

6 

3 

4 

3 

2 

1 

8 

3 

Lungs 

6 

3 

>3 

>1*5 

0 

0 

0 

0 

0 

0 

Intraperi- 

— 

— 

— 

— 

— 

0 

— 

0 

— 

2 

toneal fat 












It will be seen that the dietary treatment resulted in the accumulation of 
moderate vitamin A reserves in the liver 1 . Under these circumstances small 
amounts of the vitamin were detected in the kidneys in all cases. Only in two out 
of five was a positive reaction given by the lungs, and in one case out of three by 
the intraperitoneal fat. 

The distribution of vitamin A in the organs of rats given large, but non-toxic, 
doses of vitamin A concentrate. 

Three adult rats were given about 3*5 mg. of B.D.H. vitamin A distillate 
(3000 b.u, per mg.) each daily for 38 days. They were anaesthetised and killed by 
bleeding. In order to facilitate the detection of vitamin A in tissues expected to 
contain only small amounts, the various organs from all three rats were combined 
after dissection. Results are shown in Table II. 

In these rats the liver reserve was extremely high, being 160 times greater 
than the normal human reserve. The concentration in the kidneys was about 10 
times greater than in the previous experiment, but even greater concentrations 
were found in the lungs and suprarenals, in both of which values were observed 

1 For purposes of comparison it may be mentioned that the “normal” human liver reserve in 
this country, taken as the median value over a wide range of cases dying by accident, is about 
250 b.u. per g. A similar value v r as obtained in the case of a single wild rat shot in the vicinity of 
this laboratory. 
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Table II. Rats given large , but non-toxic , amounts of vitamin A concentrate. 
Combined tissues from 3 adult $ rats, Nos. 6, 7, 8. 



Total b.u. per rat 

b.u. per g, 

Liver 

300,000 

40,000 

Kidneys 

70 

50 

Lungs 

500 

450 

Suprarenals 

100 

2,500 

Heart 

1 

1 

Spleen 

1 

2 

Pancreas 

15 

25 

Thymus 

4 

12 

Brain 

0*5 

0*3 

Muscles 

— 

0*5 

Blood 

— 

2 

Intraperitoneal fat 

— 

80 


which would be considered quite high for the liver in normally fed rats. In the 
brain, heart, spleen, muscles and blood only small traces of vitamin were de- 
tected, but slightly larger amounts seemed to be present in the pancreas, thymus 
and intraperitoneal fat. The value in the case of the pancreas may have been 
made unduly high through the inadvertent inclusion of fat deposits. 

To obtain further evidence on the points of interest raised in this experiment 
further assays were carried out on the liver, kidneys, lungs, pancreas and supra- 
renals of four adult rats which had received large amounts of vitamin A concen- 
trate. These animals differed from those just described in so far that the feeding 
of concentrate was discontinued some weeks before killing, an ordinary stock diet 
of bread and milk, cereals and vegetables being given in the meantime. The 
organs from each rat were kept separate. Results are given in Table III. 


Table III. Rats given large, but non-toxic , doses of vitamin A concentrate. 
Concentrate feeding discontinued some time before hilling. 



Hat 9 $ 

A 

Hat 10 

3* 

O 

Rat 11$ 

Rat 12 

A 

o 


Total 

A 

B.U. 

Total 

B.U. 

Total 

B.U. 

Total 

B.U. . 


B.U. 

per g. 

B.U. 

per g. 

B.U. 

per g. 

B.U. 

per g. 

Liver 

75,000 

8,000 

150,000 

15,000 

125,000 

15,000 

125,000 

10,000 

2 

Kidneys 

10 

5 

10 

5 

15 

10 

5 

Lungs 

250 

150 

60 

35 

75 

50 

125 

60 

Pancreas 

0 

0 

5 

5 

0 

0 

0 

0 

Suprarenals 

0 

0 

2*5 

25 

5 

70 

1*5 

15 


In most cases the concentration of vitamin A in the liver was about half that 
observed in the preceding experiment. The concentration in the kidneys was 
remarkably low, being little in excess of that found in the case of the rats having 
moderate reserves. In the lungs the concentration was again greater than in the 
kidneys but was much lower than the value found in the previous experiment. 
The amounts of vitamin present in the suprarenals were much smaller than in the 
preceding experiment, while in the pancreas a negative result was obtained in 
three rats, a trace being found in the case of one animal. 

The distribution of vitamin A in the organs of rats given toxic doses of vitamin A. 

Two young albino rats were given the following diet. “Light white casein” 
20 %; rice starch 35 %; coconut oil 40 %; salt mixture 5 %; dried yeast 10 % 
(additional) ; radiostol (vitamin D) I drop per week. Vitamin A concentrate was 
given dissolved in the coconut oil at such a concentration that 40 mg. were 
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included in every 10 g. of diet. To avoid undue loss of the vitamin before ingestion 
by the rat the solution of the vitamin in the oil was stored separately and admixed 
with the remaining components of the diet daily immediately before feeding. 
The history of the rats was as follows. 

Bat IS d. Initial weight 95 g. Declined in weight from commencement of the 
experiment with the development of a hunched attitude, loss of hair round the 
mouth 1 and haemorrhagic rhinitis. Died after 12 days, final weight 60 g. Average 
daily food consumption 3*1 g.; consumption of concentrate 12-5 nig. per day. 
Total concentrate ingested, 150 mg. Post mortem examination revealed extreme 
emaciation and severe lung disease. Parts of the lungs were red, wet and soft, 
other parts were filled with putty-like hard nodules which were present in all 
sizes up to about 7 mm. in diameter. 

Mat 14 $. Initial weight 81 g. Declined in weight from commencement with 
superficial appearances similar to those observed in the previous rat. Died after 
33 days, the final weight being 55 g. Average daily consumption of food 3*6 g., 
of concentrate 14*3 mg. Total concentrate ingested 471 mg. At autopsy the 
lungs appeared slightly reddened but did not exhibit the gross lesions observed 
in the preceding rat. The immediate cause of death appeared to be extreme 
emaciation. The most striking feature, however, was the extreme softness of the 
bones. X-ray examination revealed that several of the larger leg bones had sus- 
tained spontaneous fractures, the broken ends of the bones being healed to- 
gether in irregular shapes with the formation of calluses. 

Table IV. Bats given toxic amounts of vitamin A concentrate . 

Rat Id 


Rat 14 < 


Total B. u. 

b.u. per g. 

Total b.u. 

b.u. per g, 

50,000 

15,000 

200,000 

60,000 

40 

60 

500 

600 

2,500 

1,250 

1,000 

1,000 

0 

0 

2*5 

50 

60 

100 

15 

25 

0 

0 

2*5 

15 

0 

0 

1 

10 

25 

15 

20 

15 

0 

0 

0 

0 

0 

0 

— 

— 

, 

0 

— 

25 

— 

0 

— 

2 

450,000 



1,400,000 

— 

1,500 

— 

6,400 

— 

0 



0 

— 


Liver 
Kidneys 
Lungs 

- Suprarenal, s 
Heart 
Spleen 
Pancreas 
Brain 
Eyes 
Testicles 
Muscles 
Bone 

Total b.u. ingested 
Found in faeces 
Found in urine 

The results of vitamin A assays carried out on the organs of these rats are 
given in Table IV. In the case of the rat dying after 12 days the liver reserve was 
considerably below the values obtained in some other cases. The lungs contained 
a very high concentration of vitamin, which in view of the diseased and unduly 
weighty condition is best judged in this case from the total vitamin present 
rather than the value expressed per g. of tissue. Considerable amounts of vitamin 
■were present in the kidney and heart. A small amount was found in the brain. 
Other organs gave negative results. 

1 The loss of hair round the mouth would appear to be due to the irritant action of traces of diet 
remaining on the skin after feeding. It is noteworthy, however, that the concentrate exerts no 
immediate irritant action. Our solution of the vitamin A concentrate in coconut oil could, be eaten 
by ourselves in small amounts without irritation or discomfort. 

19—2 
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In the case of the rat dying after 33 days the concentration of vitamin A in 
the liver was four times greater than in the preceding rat. The total amount of 
vitamin present in the Jungs was less, but in this case a high value was found for 
the kidneys. Significant amounts of vitamin were also found in all organs except 
the eyes 1 . 

In order to determine the efficiency of the absorption of vitamin A in these 
rats the faeces and urine were collected daily and stored in 5 % KOH until the 
end of the experiment, when vitamin A assays -were carried out on aliquot 
portions by the usual technique. In each case the urine gave a negative result. 
Positive results were found for the faeces, but the amounts present were in- 
significantly small when compared with the difference between the amount of 
vitamin ingested and that found in the body. In each case only about l of the 
ingested vitamin could be accounted for, the remainder presumably being lost by 
oxidation at some stage as yet unknown. 

The distribution of vitamin A in the organs of rats given large doses of carotene. 

Two albino rats from the same litter as those used in the preceding experi- 
ment were given the same diet except for the substitution of carotene (B.D.H.) in 
place of vitamin A. Owing to the limited solubility of the pigment it was found 
impossible to incorporate more than 10 mg. per 10 g. of diet (i.e. J of the concen- 
tration of vitamin A in the preceding experiment), but since the food consump- 
tion was much greater the actual daily consumption of carotene was about half 
that of vitamin A. The animals grew rapidly and when killed after 34 days were 
found at autopsy to be perfectly normal. The storage fat was plentiful and quite 
colourless. Particulars were as follows. 

Rat 15 cJ. Initial weight 95 g. Final weight 156 g. Average daily food con- 
sumption 8-3 g. ; carotene consumption 8-3 mg. daily; total carotene ingested 
281 mg. 

Rat 16 ?. Initial weight 83 g. Final weight 129 g. Average daily food con- 
sumption 7-9 g.; carotene consumption 7*9 mg. daily; total carotene consump- 
tion 268 mg. The distribution of vitamin A in the organs of these rats is shown in 
Table V. 


Table V. 

Rats given large amounts of carotene . 



Bat 15 

6 

Hat 16 $ 

A 



Total b.tj. 

b.tj. per g. 

t \ 

Total B.ir. b.tj. per g. 

Liver 

12,500 

1,250 

12,500 

1,700 

Kidneys 

5 

4 

5 

3 

Lungs 

30 

30 

20 

12 

Suprarenals 

0 

0 

0 

0 

Heart 

0 

0 

0 

0 

Spleen 

1-5 

3 

0 

0 

Pancreas 

2-5 

10 

0 

0 

Brain 

0 

0 

0 

0 

Eyes 

0 

0 

0 

0 

Testicles 

0 

0 



Muscles 


0 


0 

Bone 

’ 

0 


0 

Intraperitoneal fat 

— 

5 

— 

2 

y.u. carotene ingested 

560,000 



530,000 


Pound in faeces 

55,000 

— 

25,000 

— 


In view of the fact that the retina has been reported to contain considerable amounts of 
vitamin A [Smith et at., 1931; Wald, 1933] this negative result should not be taken to imply that 
the vitamin was entirely absent, but it is evident that the concentration of the vitamin, if present, 
was not sufficiently high to compensate for the small amounts of tissue available for assay. 
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The vitamin A reserves found in the liver would represent high values for 
ordinary conditions of nutrition but are some 30 times lower than the maximum 
value obtained by giving vitamin A. In the kidney the concentration of vitamin 
was no greater than in the rats having only moderate liver reserves, but in the 
lungs the amounts present were of a slightly higher order. In each case a faintly 
positive reaction was given by the intraperitoneal fat, while in rat 15 traces of 
chromogen were also detected in the spleen and pancreas. In the case of the 
spleen the yellow /bine ratio indicated that the reaction was due to carotene. 

In order to determine the efficiency of absorption of the carotene the faeces 
and urine were examined as in the preceding experiments, the amounts found 
representing about 10 % and 5 % of the ingested pigment in rats 15 and 16 
respectively. Since the amount of vitamin A present in the body must in each 
case have represented only some 3-6 mg. of carotene, or about 1-2 % of the 
ingested carotene, it is obvious that the utilisation of carotene at such high levels 
must be very inefficient, and that the greater part of the pigment has not been 
accounted for. 

Discussion. 

The distribution of vitamin A in the organs of the rat. 

The above experiments indicate that small amounts of vitamin A (ca. 5 b.u. 
per g.) are consistently present in the kidneys even when the liver reserves are of 
a moderate order (ca. 100 b.u. per g.). Traces of the vitamin are sometimes 
present in the lungs under these conditions. 

When the liver reserve is raised by the inclusion in the diet of large amounts 
of carotene or vitamin A the order of the kidneys and the lungs is reversed, since 
the lungs now invariably show a greater concentration of vitamin A. As far as 
can be judged both from the present experiments and from previous work 
[Moore, 1931] carotene feeding does not result in the accumulation of vitamin A 
in high concentration in any organ except the liver, the highest value observed 
being 30 b.u. per g. for the lungs of rats Nos. 15 and 16 in the present work. The 
feeding of vitamin A concentrate on the other hand may raise the concentration 
in the kidneys and lungs to values that would be high even for the liver in the 
case of animals receiving ordinary diets. At the same time appreciable amounts 
of vitamin may appear throughout the whole body. In the ease of the suprarenal 
glands very inconsistent results have been obtained. For rats 6, 7 and 8 a very 
high average value (2500 b.u. per g.) was observed, but in other experiments the 
results were much lower and in some cases negative. It may be noted that in 
view of the small size of these organs the actual amount of vitamin involved was 
relatively small. 

Hypervitaminosis A. 

The production of toxic symptoms in the present work may be considered to 
provide further evidence as to the reality of hypervitaminosis A in so far as the 
preparation used was a distillate, as opposed to the non- distilled concentrates 
used, as far as we are aware, by other workers in this field. Drigalski [1933] has 
already shown that the toxic power of the concentrates is destroyed with the 
vitamin on ultra-violet irradiation, it is now evident that the vitamin potency 
and toxic power are stable to distillation and are not separated by this means. 
Although onlv two rats were used in the present work we were fortunate in 
observing almost all the symptoms described by previous workers. The lung 
lesions observed in rat 13 exactly resembled those described in several cases by 
Takahashi et al. [1925], It is perhaps noteworthy that these lesions should occur 
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in the organ in which the greatest concentration of vitamin A outside the liver 
was located. In rat 14 the hone lesions were exactly similar to those described by 
Bomskov and Seemann [1933] and also Collazo and Rodriguez [1933], our own 
observations representing the third independent discovery of the phenomenon. 

Speculation as to the- mechanism of the production of hypervitaminosis A 
would be premature at the present stage, but two clearly established points may 
be worth mention. In the first place it is obvious that the liver possesses a very 
high toleration for the vitamin, since concentrations of the order observed in the 
hypervitaminotic rats (Nos. 13 and 14) were also observed in healthy animals 
(Nos. 6, 7 and 8). At the maximum level observed the vitamin must have con- 
stituted about 5 % of the dry weight of the liver and have represented a supply 
sufficient to last the rat for about 200 years if economically used. Secondly it is 
plain that in the case of rat 13 death through hypervitaminosis intervened at a 
point when the liver still contained less than half the maximum observed con- 
centration of vitamin. This finding shows that death may occur while there is 
still room for a considerably greater accumulation of vitamin A in the liver and 
suggests that the production of hypervitaminosis does not depend on the ab- 
solute amount of vitamin A present in the organism but on the ingestion of the 
vitamin at a greater rate than that at which it can be stored by the liver or 
eliminated by the organism. 

The absence of toxic symptoms after feeding excess of carotene . 

The absence of any symptoms of hypervitaminosis in the rats (Nos. 15 and 
16) given about 8 mg. of carotene daily suggests that it is virtually impossible to 
induce hypervitaminosis A by carotene feeding. This conclusion has already been 
reached by Kuhn and Broekmann [1933], but since these workers administered 
carotene at the rate of only about 1 mg. per day, which is little greater than the 
dosage of 0*75 mg. used by Moore [1930] in earlier experiments, it is obvious that 
further evidence on this point was desirable. 

It is still possible, of course, that large masses of solid carotene, as opposed to 
solutions of carotene in oil, might possess toxic action. Even if this proved to be 
the case, however, the phenomenon observed would almost certainly be quite 
different from the hypervitaminosis induced by giving vitamin A concentrate, 
since a comparison of the vitamin A contents of the livers of rats 13 and 14, which 
were given large amounts of vitamin A concentrate, with those of rats 15 and 16, 
which were given large amounts of carotene, indicates that the rate at which the 
liver reserve can be raised by the conversion of carotene (50 b.it. per g. per day) is 
much slower than the rate of increase obtained by giving vitamin A (1200-1700 
B.u. per g. per day). The superior rate and efficiency of absorption of vita min A 
suggest that in intensive vitamin A therapy preformed vitamin A should be more 
efficacious than carotene. At levels approaching the minimum dose, as pre- 
viously shown [Moore, 1933], vitamin A and carotene appear to be equally 
efficiently utilised. 

Summary* 

1 . Vitamin A was assayed by the antimony trichloride method in the organs 
of rats which had received varying amounts of vitamin A or carotene. * 

2. Even when the liver reserves were quite low (100 b.u. per g.) small 
amounts of vitamin A (5 b.u. per g.) were found in the kidneys and sometimes in 
the lungs. 

3. When large, but non-toxic, doses (3*5 mg. daily) of vitamin A distillate 
were given to adult rats (a) the concentration of vitamin in the liver rose to 
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extremely high levels (40,000 b.tt. per g.), ( b ) the concentration in the lungs was | 1 

of the order found in the liver under normal conditions of nutrition, (c) the con- 
centration in the kidney remained fairly low (50 b.tt. per g.), (d) the eoncentra- ; \\ 

tion in other organs was extremely low, except that surprisingly high values were ; 

observed in the suprarenals (up to 2500 b.tt. per g.). , 

4. Even more massive doses of the distillate (12-14 mg. per day) given to 1 H 

young rats proved toxic, causing emaciation, haemorrhagic rhinitis, loss of hair h 

round the mouth and (a) in one rat, dying after 12 days, gross lung lesions, ( b ) in 1 

another rat, dying after 33 days, a peculiar softening and hollowing of the bones 1 pj 

which had resulted in spontaneous fractures of the legs. The distribution of I J 

vitamin A resembled that found in rats given non-toxic doses except that the jij 

concentration in the lungs was even higher (1250 b.tt. per g.), while in the rat 

! dying after 33 days a high kidney value (625 b.u. per g.) was observed. 6 1 

5. Attempts to induce hypervitaminosis A by feeding carotene failed. On |j 

account of its limited solubility in fats only 8 mg. of the pigment could be given 
daily. Rats receiving this amount grew rapidly and remained in perfect health. 

On killing after 34 days the liver reserve was found to be only moderately high jf < 

(1250 b.tt. per g.) pointing to only about 1 % absorption, as opposed to 15 % in | 

the case of vitamin A. Only very small amounts of vitamin were present in the 

lungs and kidneys, negative results being obtained in all other organs. | | 

Our thanks are due to Dr L. J. Harris for his valuable criti 
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XLL THE INACTIVATION OF ANIMAL AMYLASE 
BY PLANT PARALYSERS AND THE PRESENCE 
OF INACTIVATING SUBSTANCES IN SOLUTIONS 
OF ANIMAL AMYLASE. 

By TADEUSZ CHRZ4SZCZ and JOZEP JANICKI. 

From the Laboratory of Agricultural Technology , Poznan University . 

(. Received January 8th, 1934.) 

In the preceding papers [1933] it was shown that in germinated and linger- 
minated cereals there are natural paralysers of amylase, which we call “sisto- 
amylase. substances. 55 Buckwheat malt contains many of these paralysers, 
mostly in the leaves and roots. The sistoamylase adsorbs the plant amylase 
either in a suate of solution or at the moment of being dissolved and so 
inactivates it. 

Moreover we have found other substances, which counteract the sistoamylase 
and have named these substances 4 4 eleutoamylases. 5 5 Any eleutoamylase added 
to the system sistoamylase- amylase prevents inactivation by the paralyser, or 
if the amylase has been already inactivated by the sistoamylase, the whole or a 
greater part of the inactivated amylase is put into action by the eleutoamylase. 
The most active eleutoamylases recognised by us are products of decomposition 
of protein found in peptone. 

In the present paper the same problem is discussed in relation to animal 
amylase. Before anything else is suggested the following questions should be 
answered : 

(1) Is plant sistoamylase able also to inactivate animal amylase? 

(2) Does the system composed of plant sistoamylase and animal amylase 
react like the similar system containing plant amjdase, the amylase of which 
can be reactivated by adding a suitable eleutoamylase ? 

(3) Do there co-exist in the animal organism besides amylases sisto- substances 
characterised by properties similar to those of the plant sistoamylases ? 


Experimental. 

The experiments were conducted on human saliva, collected on the day of 
starting experiments, and on Merck's pancreatic amylase. The saliva was diluted 
in the proportion 5:100, well mixed during 5 mins, and filtered. The solutions 
ol Pancreatic amylase were prepared by dissolving 0-25 g. of pancreatic amylase 
m 100 ml. of water at 20°, shaken during 5 mins, and then filtered. The leaves 
and roots of buckwheat-malt, germinated within 15 days at 15°, were taken 
as material containing the plant paralyser, the sistoamylase substance. This 
material was used m two different manners: well crushed undried, and dried 
m the apparatus of Faust-Heim at 35° and then reduced to powder. 44 Peptone 
siccum sine sale 55 (Merck) served as eleutoamylase. The p H of Merck’s soluble 
starch solution was adjusted by additions of phosphate buffers to 6-7, determined 
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potentiometrically . The amylolytic activities of the solutions of amylase were 
measured by their liquefying, dextrinising and saccharifying powers. 

The liquefying power of saliva was determined with native starch according 
to the method of Lintner-S allied [1902], but at 40° instead of 65°. The liquefying 
power of pancreatic amylase was established by the method of Poliak [1903] 
at 40°. 

The dextrinising power. For pancreatic amylase a 2-5 % and for salivary 
amylase a 1 % solution of Merck’s soluble starch was prepared, by addition of 
starch paste to boiling water, boiling the solution for a further 3 mins., and, after 
cooling it, adjusting the p B . 50 ml. of this solution were warmed for 30 min. 
at 40°, afterwards 5 ml. of the enzyme solution to be tested were introduced. At 
intervals of 4 mins., 1 ml. of this system was taken and added to 1 ml. of iodine 
solution (0-8 g. iodine in 1 litre H 2 0) and the colour obtained was observed. 
The dextrinising activity was measured by the time required for obtaining the 
following colours : violet, brownish red, light yellow. 

The saccharifying power was investigated with the same solutions of soluble 
starch also at 40° ; 5 nil. of the enzyme solution were added to 50 ml. of the 
solution of soluble starch and treated as before. xAfter 15 mins. 10 ml. of Nf 10 
NaOH were added, the mixture was cooled, and reducing sugars were deter- 
mined in 30 ml. by the method of Willstatter and Sehudel [1918]. The sacchari- 
fying power is expressed by the number of ml. of Nf 20 iodine reduced by 30 ml. 
of the liquid tested. The amount of iodine reduced by the control test was 
deducted. 

I. Salivary amylase. 

(a,) Inactivation of salivary amylase by plant paralyser. 

In order to ascertain whether the plant paralyser also inactivates the amylase 
of saliva and in what degree, plant paralyser was taken from two sources : dried 
leaves and rootlets of buckwheat-malt (1) obtained a year ago and (2) obtained 
shortly before our experiments. The mixtures used were prepared by addition 
of the quantities of sistoamylase substance shown in Table I to 40 ml. of 5 % 
saliva. In each case (except No. 1) the solution was shaken mechanically for 
8 mins, and then filtered, and the amylolytic activity of the filtrate was investi- 
gated (Table I). Tlble I. 


Dextrinising power 


No. of 
solution 

1 


Additions 

g* 

None 

0-1 sistoamylase 1 
0*3 

0*5 ,, 

0*7 

0*1 sistoamylase 2 

0*3 

0*5 

0*7 „ 


Sacchari- 

fying 

power 
ml. V/20 1 

1*8 

0*1 

0*1 

0*1 

0*1 

0*1 

0*1 

0*1 

0*1 


Violet Brownish red Light yellow 

** Y " ' 

was obtained with iodine in mins. 

, — — \ 

20 40 220 

110 180 Not obtained 

in 240 mins. 

Without change after 240 mins. 


190 Not obtained after 240 mins. 
Without change after 240 mins. 


Liquefying power 
Lintner-Sollied method 
1 g. starch is liquefied 
by 5 % saliva, ml. 

1*8 

2*4 

Not liquefied by 4 ml. 


These experiments demonstrate that a plant paralyser also inactivates 
salivary amylase: 0*3 g. of sistoamylase substance is sufficient to inactivate 
completely 40 ml. of 5 % saliva in 8 mins. The dried sistoamylase substance 
obtained shortly before the experiment possesses the inactivating powei in a 
higher degree than that obtained a year ago. 
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(b) The inactivation of salivary amylase by sistoamylase substance 
in presence of peptone. 

(1) Peptone an antisistoamylase substance to salivary amylase . Tiie next 
point which we investigated was the inactivation of salivary amylase by a dried 
paralyser in presence of peptone. Peptone was added simultaneously with the 
sistoamylase to the solution of salivary amylase. The solutions used were made 
up by addition of the substances shown in Table II to 40 ml. of o % saliva. 
In each case the solution was mechanically shaken for 8 mins, and then filtered, 
and the amylolytic action of the filtrate was investigated (Table II). 


Additions 


Table II. 

D extrimsing power 


No. of 
solution 


Peptone 


Sistoamylase 
substance 
g* 


Sacchari- 
fying 
power 
ml. N/20 1 


Violet Brownish red Light yellow 

i _ j 

Y 

■was obtained with iodine in mins. 


1 

None 

None 


1*6 

60 

90 

240 

2 

0*5 



4*5 

10 

19 

84 

3 

1*0 



3*9 

10 

16 

66 

4 

2*0 



3*5 

9 

15 

54 

5 

None 

0*3 5 Prep 

. 1 

0*1 

Without change affcei 

4 hours 

6 

55 

0*3 „ 

2 

0*1 


5? 

130 

7 

0*5 

0-3 „ 

1 

2*0 

15 

30 

8 

1*0 

0*3 „ 

1 

3*8 

14 

21 

84 

[9 

2*0 

0*3 „ 

1 

3*1 

10 

17 

60 

10 

0*5 

0*3 „ 

2 

2*6 

18 

32 

132 

11 

1*0 

0*3 „ 

2 

3*8 

12 

21 

84 

12 

2*0 

0*3 „ 

2 

3*0 

11 

18 

58 


Liquefying power 
Lintner-Sollied method 
1 g. starch is liquefied 
by 5 % saliva, ml. 
1-8 
1*2 
0-9 
0-9 

Not liquefied by 4 ml. 

1*2 
1*0 
1*0 
2*1 
1*0 
1*0 

The experiments demonstrate that treatment with peptone greatly increases 
the amylolytic activity of salivary amylase. This fact can be explained on the 
ground that in saliva only a small quantity of the amylase is active. The greater 
part is inactivated, and its activity can be restored by addition of peptone. 
Evidently in the diluted saliva there must be an inactivating substance with 
the properties of our sistoamylase. It is shown later that the plant paralyser 
does not inactivate salivary amylase in the presence of peptone. These results 
are in agreement with those obtained for plant amylase. It is interesting that 
peptone has a different effect on the liquefying, dextrinising and saccharifying 
powers of salivary amylase. 

(2) Peptone an eleutoamylase substance to salivary amylase. In order to 
ascertain whether eleutoamylase restores the activity of salivary amylase which 
has been inactivated by the plant paralyser (dried or undried) the following 
solutions were used. 


40 ml. 5 % saliva 


filtered 


-f 0*3 g. dried sistoamylase. (1) Shaken 10 mins, and then +2 g. peptone, eluted 15 mins, then filtered 


30 
60 
15 
30 
60 

. . . then 

+2 g. peptone, eluted 10 mins, then 

5J 10 5) 

„ 10 

10 
30 

„ 30 

+2 g. peptone, shaken 8 ,, 
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The amylolytic action of the filtrates was then investigated. 

Table III. 


Dextrinising power 


Sacchari- 

fying 

No. of power 
solution ml. Nj 20 I 
1-6 
0-1 


Violet Brownish red Light yellow 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


was obtained with iodine in mins. 

A , 

f ' 

60 90 240 

Without change after 4 hours 


Liquefying power 
Lintner-Sollied method 
1 g. of starch is liquefied 
by 5 % saliva, ml. 

1-8 

Not liquefied by 4 ml. 


0-1 

0-1 

0-1 

0*1 

0-1 

0-0 

1-7 

1-0 

0-6 

0-6 

1-7 

1*1 

5*8 


24 

42 

120 

1*2 

26 

54 

Not obtained 

1-3 

48 

90 

5 1 

1*4 

90 

174 

S> 

1*7 

24 

40 

124 

0*9 

34 

48 

218 

1*1 

9 

12 

42 

0*3 


The dried plant paralyser inactivates the amylolytic action of salivary 
amylase so strongly that even prolonged contact of peptone with adsorbed 
amylase does not lead to an elution of the ferment, and such a system does 
not exhibit amylolytic activity. After treatment with undried plant paralyser 
on the other hand peptone reactivates the salivary amylase. These results are in 
agreement with those obtained on plant amylase. 

It remains to be established whether the addition of peptone to the system 
undried sistoamylase 4- salivary amylase, the amylolytic action of which is nearly 
nil actually leads to elution of amylase or whether a small part of the amylase 
undergoes no adsorption and gives the corresponding intensive amylolytic action 
with peptone. To this end, the following solutions were prepared. To 40 ml. oi 
5% saliva was added 1 g. undried sistoamylase, the mixture shaken for a 
definite time and filtered during 6 mins. The nature of the sistoamylase added 
and the times of shaking are shown below. 


No. of 
solution 

1 

2 

3 

4 

5 

6 
7 


Duration of malting in 
prep, of sistoamylase 
days 

11 

11 

11 

II 

25 

25 

25 


Duration of shaking 
mins. 

8 

12 

27 

57 

8 

27 

57 


Two series of experiments were made by establishing the dextrimsing and 
saccharifying powers of each of the above solutions after filtration. Tin .. 
series (a) without any addition, the next (6) with the addition of 0^g- 
to 50 ml of 1 % soluble starch solution. If peptone does not elute but onij 
ScSTs Z amylolytic activity of the inactivate namtats of 

series “b” must agree with the results m solutions 9-14 m Table . • 

In Table IV we see that the young undried sistoamyJase su s P ' 

duced in 11 days’ malting adsorbs the salivary amylase quantitatively. 
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Table IV. 


Dextrinising power 



Sacchari- 

Violet Brownish red Light yellow 

Liquefying pow T er 


fying 

j 

Lintner-Sollied method 

No. of 

power 

was obtained with iodine in mins. 

1 g. of starch is liquefied 

solution 

ml Nj 20 1 

a , 

by 5 % saliva, ml. 

la 

0-0 

Without change after 4 hours 

Not liquefied bjr 4 ml. 

lb 

0-0 

„ 


2 a 

0-0 



2 b 

0*0 

99 

j? 

3 a 

0*0 

99 

!>J 

3 b 

0*0 

99 

»» 

4 a 

0*0 



4 b 

0*0 

99 

„ 

5 a 

0*0 

99 


5 b 

0*1 

99 

,, 

6 a 

0*0 

99 


6 b 

0*1 

120 180 Not obtained 


7 a 

0*1 

Without change after 4 hours 


7 b 

0*1 

1 1 0 160 Not obtained 

99 


nndried sistoamylase substance produced in 25 days also adsorbs the amylase 
at first very strongly; however, shaking the system for a long time has the 
effect that a small quantity of the sistoamylase with adsorbed amylase passes 
into solution. This dissolved system does not itself show any amylolytic action, 
but when peptone is added, as in the experiment with the solutions of starch 
of series “6,” this system begins to act, the action of the sistoamylase being 
eliminated. 

II. Pancreatic amylase. 

(a) Inactivation of pancreatic amylase by plant paralyser. 

To ascertain whether the plant sistoamylase is able to inactivate pancreatic 
amylase, the following experiments were made. Solutions of 0-25 g. pancreatic 
amylase in 100 ml. of water were shaken mechanically for 5 mins, and then 
various quantities of sistoamylase were added, the solutions shaken for 8 mins, 
and filtered. The amylolytic power of the filtrates was then examined (Table V). 

Table V summarises the results. 


No. of 
solution 


Additions 

Sacchari- 

fying 

poiver 

g* 

ml. iV/20 1 

None 

3*9 

0’1 sistoamylase 1 

1*7 

0*3 

0*2 

0-5 

0*1 

07 

0*1 

0*1 sistoamylase 2 

0*7 

0*3 

0*1 

0*5 

0*1 

0*7 

0*0 


Table V. 

Dextrinising power 

Violet Brownish red Light yellow 

V. , 

■was obtained with iodine in mins. 

, _A 

f 

80 150 Not obtained 

150 240 

Without change after 4 hours 

Nearly without change after 4 hours 
Without change after 4 hours 


Liquefying power 
Poliak method 
0-3 g. starch is liquefied 
by 5 % saliva, ml. 

0-5 

0-7 

Not liquefied by 3 ml. 


1-0 

Not liquefied by 3 ml. 


These results show that the plant sistoamylase also inactivates pancreatic 
amylase. 0*3 g. of the sistoamylase preparations inactivates 100 ml. of 0*25 % 
pancreatic amylase in 8 mins. 


f 
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(h) The inactivation of pancreatic amylase by sistoamylase 
in presence of peptone. 

(1) Peptone an antisistoamylase substance to pancreatic amylase . The effect 
of peptone on the sistoaruylase-panereatie amylase system was investigated in 
a similar manner, filtered solutions of 0*25 g. pancreatic amylase in 100 ml. water 
being used and shaken for 8 mins, after the additions had been made. 


Table VI. 


Dextrinising power 


No. of 
solution 

1 

2 

3 

4 


Additions 


None 

0-3 g. dried 
sistoamylase 

2 g. peptone 


+2 g. peptone 


Sacchari- 
fying 
power 
ml. V/20I 

3-9 

0-1 

16-6 
16*8 


Violet Brownish red Light yellow’ 

v __ -y J 

was obtained with iodine in mins. 

- 

98 156 Not obtained 

Without change after 4 hours 


20 

IS 


30 

28 


85 

78 


Liquefying power 
Poliak method 
0-3 g. starch is liquefied 
by 5 % saliva, ml. 
0-4 

Not liquefied by 3 ml. 

0-2 

0*1 


No. 

of 

solu- 

tion 

1 


8 

9 

10 
11 
12 


This table shows that only a very small quantity of free amylase is present 
in the solution of pancreatic amylase. Besides this, there is about four times as 
much amylase inactivated by a specific paralyser. The latter can be put out of 
action by peptone. We see further that the peptone acts also as anti- substance to 
added plant paralyser, just as in the case of the salivary amylase. 

(2) Peptone an eleutoamylase substance to pancreatic amylase. In order to 
prove that peptone has the capacity of eluting the pancreatic amylase from the 
system pancreatic amylase + plant paralyser, the amylolytic activity of the 
following solutions was examined: 


0*25 g. of pancreatic 
amylase + 100 ml. of 
water 5 mins, me- 
chanically shaken and 


As above Afterwards +0*3 g. dried sistoamylase. Shaken 8 mins, and then +2 g. of peptone, eluted 


+0*3 5 , 

+0*3 „ 

+l*0g. undried 


10 mins, 
30 
60 


8 

8 

15 

30 

60 

8 

15 


+ 2g. of peptone, eluted 10 mins, 
„ 10 

„ 10 

10 

„ 30 

„ 30 

+2 g. of peptone, 


filtered 


and 


and 

and 


These experiments (Table VII) show that dried sistoamylase adsorbs the 
pancreatic amylase much more strongly than undried. We see also that the 
adsorption of the pancreatic amylase is the more complete, the longer the 
undried sistoamylase acts, so that it becomes more and more difficult to elute 
the amylase. 
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Table VII. 

Dextrinising power 



Sacchari- 

f 

Violet 

Brownish red 

'i 

Light yellow 

Liquefying power 


fying 





Poliak method 

No. of 

power 

was obtained with iodine in mins, 

0*3 g. starch is liquefied 

solution 

ml. N/20 I 

r ' 

A 

— *1 

b}" 5 % saliva, ml. 

1 

3-9 

98 

156 

Not obtained 

0*4 

2 

0-1 

Nearly without change after 4 hours 

Not liquefied by 3 ml. 

3 

0*4 

210 

Not obtained 

2*8 

4 

0*7 

180 

220 

Not obtained 

2*0 

5 

0*1 

Nearly without change after 4 hours 

Not liquefied by 3 ml. 

6 

11*1 

28 

41 

106 

0*1 

7 

9*0 

35 

48 

135 

0*1 

8 

7*0 

45 

60 

192 

0*15 

9 

6*3 

52 

73 

216 

0*2 

10 

12*0 

24 

46 

94 

0*1 

11 

8*6 

36 

53 

192 

0*15 

12 

16*8 

18 

28 

78 

0*1 




Discussion. 


Our researches on animal amylase give us not only 

an explanation of its 


relations to the natural plant paralyser, our sistoamylase substance, but also 
explain the manner in which different systems of animal amylase act under 
the influence of eleuto- substances. 

We have ascertained that animal amylase, similarly to vegetable amylase, 
shows, depending on its origin and conditions of action, different mutual ratios 
of the three functions of amylolytic activity, the liquefying, dextrinising and 
saccharifying powers. 

We see further that animal amylase under the influence of a plant paralyser 
is inactivated. This inactivation is of different grade depending on the sisto- 
amylase substance, on the time of its activity and on the origin of the amylase, 
it is to be noticed that dried sistoamylase substances have a greater power of 
adsorption than undried. The degree of adsorption increases with the time of 
action of the paralyser on the amylase. 

The most interesting result of our investigation is that in salivary and pan- 
creatic amylases substances inactivating the amylase are found. The result of 
this is that only a part of amylase is able to act, e.g. in a solution of salivary 
amylase only about 1/3 and in a solution of pancreatic amylase only about 
1/4-1 /5 of the total amylase is free. It can be deduced* that natural paralysers of 
amylase, sistoamylase substances, occur along with the amylase in the animal, 
just as in the vegetable, organism. Peptone acts towards the plant paralyser 
in the same way as to the paralyser found in the solutions of animal amylase. 
Peptone added to the system plant sistoamylase + animal amylase prevents 
permit inactivation of the amylase, and also lias the power of reactivating the 
amylase already inactivated by the sistoamylase substance originally present. 
The adsorption of animal amylase by an animal sisto-substance seems not to 
be so strong as the adsorption in the system, plant sistoamylase + animal amylase. 
From the first system, especially in solutions of pancreatic amylase, the amylase 
is freed with more facility, and its amylolytic activity is restored. From the 
second system the amylase is freed with more difficulty, and in the system 
dried plant sistoamylase + animal amylase the amylase is so strongly adsorbed 
that it can only be eluted with difficulty by adding peptone. It is an interesting 
fact that peptone does not act on all the functions of the amylase equally. As 
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shown by our experiments, the saccharifying power is maximum on addition 
of 0*5 g. of peptone to 40 ml. of 5 % solution of salivary amylase. The dextrinising 
and liquefying powers show the best activity when 1-2 g. peptone are added to 
the same quantity of solution. 

The question of the paralyser of amylase was treated for the first time by 
Wolff and Fernbach [1906], who introduced into the literature the term anti- 
amylase for the agent obtained by subcutaneous immunisation of rabbits to 
malt amylase. This phenomenon has been the subject of numerous researches 
by different workers. These investigations show that the anti-amylase acts as 
an inhibitor only on vegetable amylase. Abderhalden and Wertheimer [1922] 
not only question its paralysing action, but reject in general the existence of 
this anti- amylase. Kiselew [1928] distinguishes another kind of inactivation in 
the adsorption of amylase by vegetable plasma, coagulated by warming. Oparin 
and Kurssanow [1929] showed that in these cases the result was not due to the 
specific action of the plasma but to the inhibiting action on amylase caused by 
the presence of tannin. 

The most interesting researches in this direction are those of Lesser [1919; 
1921] and of Kerner and Lesser [1919], who proved that amylase of the liver 
is partly inactivated by adsorption, and that the retardation of the decomposi- 
tion of glycogen may take place not only in vivo , but may also he reproduced 
experimentally by the addition of some adsorbent to the solution. The develop- 
ment of the details of this question is given by Przytecki et al. [1927]. Lesser 
showed, using adrenaline as stimulant, that the amylase of the liver can be 
freed, so that the active concentration of the ferment increases by elution of 
the inhibitor. Truszkowski [1928] finds that amylase can be inactivated by 
adsorption on lipoids to the extent of about 67 % of that present in the solution. 
The amylolytic action of the inactivated amylase can be restored almost quanti- 
tatively by the addition of an appropriate quantity of propyl or butyl alcohol. 

The activating influence of peptone and of amino-acids is described by Effront 
[1900] and by Pozerski [1902]. Oppenheimer’s [1927] opinion is that here we 
have to do with a change of p H , though it is not excluded that these substances 
may have a real stimulating influence, as was proved by the researches of 
Sherman et al. [1921 ; 1922] and Rockwood [1924], who took the into con- 
sideration. Oppenheimer supposes that this phenomenon can be explained on 
the ground that peptone protects the amylase from inactivation by rise of 
temperature. 

According to our experiments the so-called phenomenon of activation of 
animal amylase is to be explained quite differently. We have shown that the 
whole of the amylase is not active, but only a portion of it. Very often a large 
portion of it is inactivated by adsorption by different accompanying substances, 
which are called by us sistoamylase substances. If peptone is added to a system 
of sistoamylase -amylase the action of the sistoamylase is excluded, the active 
concentration of amylase increases by elution, and in this case, we often find 
in the solution several times more free amylase, which according to its quantity 
will develop a correspondingly greater activity. The increase of amylolytic 
activity when different substances are added to the solution of animal amylase 
is nothing else than an elution of amylase from the system sistoamylase -amylase, 
in which a part of the amylase was adsorbed by the accompanying adsorbent. 
We are inclined to believe that various phenomena of the protection of amylase 
from inactivation, as for instance by moderate use of temperature, are in xeality 
complete or incomplete hindrances of adsorption of the amylase by substances 
already present or formed during the treatment. 
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Summary. 

Experiments on salivary and pancreatic amylase lead us to the following 
results. 

1. Plant sistoamylase inactivates not only plant but also animal amylase. 
Dried sistoamylase inactivates amylase more powerfully than undried. 

2. In the place of origin of amylases as well as in their solutions natural 
paralysers, the so-called animal sistoamylases, are also found. The system sisto- 
amylase-amylase is thus formed, in which the amylase is partly inactivated. 
Usually about 1/3 of the salivary and about 1/5 of the pancreatic amylase is 
not adsorbed. 

3. In the system plant or animal sisto amylase - animal amylase, in which 
the amylase is inactivated, the amylase can be reactivated by the aid of eleuto- 
substances of which one of the best known by us is peptone. Certain forms of 
dried sistoamylase are of such adsorbing power that the amylase cannot be 
eluted by the use of peptone. 

4. We explain the increase of amylolytic action of amylase on the addition 
of certain substances as an elution of amylase, which in this manner is rendered 
free to act. 
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XLII. THE FORMATION OF SULPHATE FROM 
CYSTEINE AND METHIONINE BY 
TISSUES IN VITRO. 


By NORMAN WINGATE PIRIE. 

From the Biochemical Laboratory , Cambridge . 

(. Received January 8th , 1934.) 

In spite of the very large amount of work that has been clone on the variations 
in the rate of excretion of sulphate by animals and men after the administration 
of various sulphur compounds, it seems that no one has shown that either an 
organ or a tissue preparation can make sulphate from an unoxidised sulphur 
compound in vitro . Rothera [1905] could find no sulphate when he incubated 
cystine with liver mince or when he perfused the liver with cystine, and it seems 
probable that several other workers have been similarly unsuccessful. The forma- 
tion of sulphate from sulphuric esters by minced mammalian organs has been 
studied by Neuberg and Simon [1925], but this process, although perhaps con- 
nected with the type of oxidation which forms the subject of this paper, is 

obviously relatively simple. . , . „ * 

The organ slice technique of Warburg [1923] is admirably suited, to this work, 
for it causes little or no damage to the cells, and a series of experiments can be 
carried out under exactly comparable conditions, using parts of the same liver. 
Ry this means the troubles caused by the extreme individual variations between 

animals are avoided. , ,, r f 

In this paper are described some preliminary experiments on the formation ol 
sulphate by slices of kidney and liver. Later it is hoped that a larger group of 
substances will be investigated, as well as the probable intermediate stages m 
the oxidation and the extremely fragile enzyme systems by which these oxida- 
tions are carried out. 

Experimental. 

Rat tissue was used in all the experiments recorded; the animal was stunned 
and the required organs removed immediately and sliced as soon as possi e. 
30-80 mg. (dry weight) of slices were put in a vessel, of the type eseu.e 
Krebs [1933], containing 8 ml. of bicarbonate Ringer solution. The latter was 
made up according to Krebs’s directions [1932], except that magnesium chloride 
was used in place of magnesium sulphate. The vessels were ec v<i * ® * 

mixture consisting of 95 % 0 2 and 5 % C0 2 and shaken a < ; V , 
two hours. At the end of this time the flasks were taken out of the bath raised 
on the outside with distilled water, dried round the joint with fiiter-papei and 
opened. The organ slices were removed with forceps as much Rmgei as possib ^ 
was drained from them, and they were dried for 2 3 hours a J’ 

weighed. 2 ml. of 20 % trichloroacetic acid were added to the fluid q 
flask, the mixture was poured into a 10 ml. pointed centrifuge-tube writhe 
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protein precipitate centrifuged down. As a general rule the supernatant fluid 
was perfectly clear, but it sometimes contained small particles of tissue which 
floated because of entangled bubbles of C0 2 . If the tube were shaken gently these 
could be centrifuged down. 

Estimation of sulphate. 

The method used for the estimation of sulphate is essentially that of Cutli- 
bertsoja and Tompsett [1931]. In this the sulphate is precipitated in 70 % acetone 
with benzidine, the precipitate is washed thoroughly, and then the benzidine 
is estimated by diazotisation and coupling with thymol. Cuthbertson and 
Tompsett use a centrifuge throughout but very much more consistent results 
are obtained by using a sintered glass funnel (Schott 13f 64) of the type used 
by Pregl for the estimation of sulphur. The filter, mounted on a rubber bung, is 
placed inside a glass tube about 2 inches long and an inch wide, into the lower 
end of which the bung fits. This bung also carries a draining tube and an inlet 
tube for compressed air. The top of the wide glass tube can be closed firmly by 
another bung ; fluid that is in the filter may then be forced through by opening 
the compressed air tube and closing the draining tube. 

2 ml. of the centrifugate are added to 5 ml. of a 0-5 % solution of benzidine 
in acetone. The mixture is left in a stoppered tube for at least two hours on ice, 
it is then filtered by suction through the sintered glass funnel, and the tube is 
rinsed out on to the filter with acetone. The benzidine sulphate is washed by filling 
up the funnel (which holds 3 ml.) three times with acetone while it is connected 
with the pump. Care must be taken to wash the lip of the funnel during this 
process. The funnel is filled a fourth time, and the acetone is forced through by 
air pressure, the stem of the funnel being washed thoroughly with water during 
this last filtration. Two 3 ml. lots of boiling Nj 3 hydrochloric acid are used to 
transfer the benzidine sulphate to a test-tube ; the fluid is forced through the 
filter by air pressure in each case. After sucking a little more Nj 3 HC1 through 
the filter it is once more ready for use. The whole cycle of operations takes 
6-10 minutes and the filter requires cleaning, b}^ sucking nitric acid through it 
in the reverse direction, after about 10 estimations. At longer intervals it, like 
all the apparatus used in this work, is heated with cleaning mixture. 

The benzidine is diazotised and coupled with thymol according to the 
directions of Cuthbertson and Tompsett except for the omission of the 15 % 
NaOH recommended by them 1 . The standard used was 0-3 nil. of a 0*053 % solu- 
tion of benzidine hydrochloride in N HC1; this corresponds with 20 y of sulphur 
in the form of sulphate. The colorimeter cup containing the unknown solution 
is set at 20 on the scale, and the standard cup is adjusted to match; the standard 
scale now reads directly in thousandths of a mg. of sulphur in the form of 
sulphate in the 2 ml. sample of Ringer originally taken. On multiplying by five 
the figure that is recorded in the tables in this paper is obtained. All the estima- 
tions were done in duplicate, and the figure given is the mean of duplicates that 
did not differ by more than 1 y. 

The cysteine used in this work was prepared by adding pyridine to an 
alcoholic solution of cysteine hydrochloride and washing the crystalline pre- 
cipitate very thoroughly with alcohol. The glutathione, methionine and ergo- 
thioneine were prepared by the methods already published [Pirie, 1930 ; 1933, 1]. 
$-Ethylcysteine was prepared by the method of Clarke and Inouye [1931]. 

1 I am very grateful to Miss E. Watchorn, of this laboratory, for pointing out the advantages 
of this modification. 


TISSUE OXIDATION OF S COMPOUNDS IN VITRO 307 


Oxidation of cysteine and glutathione . 

The results of a number of experiments on the oxidation of cysteine by liver 
slices are given in Table I. In each case the sliced liver, of which the dry weight is 

Table I. 


No. of rat 

Wt. of cysteine in 

8 ml. Ringer (mg.) 

Dry wt. of 
liver (mg.) 

Wt. of S found in 
the form of SO,, (y) 

14 

1*3 

40 

20 

14 

5-0 

52 

60 

14 

5*0 

12 

20 

14 

10*4 

39 

60 

15 

7 

41 

87 (72) 

17 

7 

39 

SO 

20 

8 

96 

100 

20 

8 cystine 

92 

50 

26 

10 

72 

100 

SO 

8 

62 

70 

31 

8 

98 

104 (100) 

31 

8 cystine 

110 

50 

32 

8 

87 

160 

32 

S 

87 

163 


given, was suspended in 8 ml. of bicarbonate-Ringer containing the amount of 
cysteine specified. The flask was filled with the gas mixture and shaken for two 
hours at 37°. The figures in the fourth column are simply the amount of sulphur 
that was found in the flask in the form of sulphate at the end of the experiment ; 
a series of blank experiments with cysteine alone, or with liver but no cysteine, 
or with liver slices that have been inactivated by heating to 60 c or by prolonged 
freezing gave values ranging from 10 to 15 y. It is clear therefore that the 
sulphate concentration can be increased 5 or 10-fold by the oxidation of cysteine 
in this way. The reliability of the method used for the estimation of sulphate is 
also tested by the experiments done in nitrogen and by those in which different- 
organs were used; these are described later. 

The quantity of sulphate formed is too small to be estimated accurately by 
precipitation as barium sulphate followed by weighing. In a few cases, however, 
this has been attempted. A 4 ml. sample of the trichloroacetic acid centrifugate 
was used, and the weight of sulphur corresponding with the observed weight of 
barium sulphate was multiplied by 10/4; the figure so obtained is recorded in 
brackets in column 4 of certain of the tables. The two sets of figures are m 
sufficiently good agreement to make it certain that it is sulphate that is being 
estimated by the colorimetric method. It is necessary to emphasise this point, 
because the benzidine methods for the estimation of sulphate have often been 
criticised on account of their lack of specificity. Furthermore, some substances, 
cystine for example, are precipitated by the high concentrations of acetone used 
in the estimation. I find, however, that so long as sufficient trichloroacetic acid 
has been added in the first place, these precipitates can easily be washed tree 
from adsorbed benzidine; they do not therefore interfere with the estimation. 
Small amounts of phosphate do not matter, but if it is present m large amounts 

sulphate estimations become impossible. . , , 

Table II contains the results of experiments in which cysteine is oxidised by 
kidney. Liver and kidney have much the same oxidising capacity, but the blood, 
testis, spleen, heart and lung of the rat seem to be quite inactive under these 
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Table II. 


No. of rat 

Wt. of cysteine 
mg. 

Pry wt. of kidney 
mg. 

Wt. of S found in 
the form of S0 4 (y) 

16 

8 

26 

55 

20 

8 

42 

90 

27 

7 

48 

100 

28 

7 

63 

100 

30 

8 

36 

70 

31 

8 

34 

50 

31 

8 

38 

60 (50) 


conditions. The study of the kinetics of sulphate formation from cysteine is 
complicated by the fact that under the conditions of these experiments the 
cysteine is being rapidly oxidised to cystine ; this separates as minute crystals 
if the concentration exceeds about 1 mg. per ml. Although cystine at lower 
concentrations than this stays in solution it cannot be directly oxidised to 
sulphate. If cystine is shaken with tissue slices, some sulphate is indeed formed, 
but this is probably due to a preliminary reduction to cysteine by the systems 
which Hopkins and Elliott [1931] and Mann [1932] have described. Two experi- 
ments of this type are recorded in Table I. The cystine, dissolved in the minimum 
amount of dilute hydrochloric acid, was added to Ringer solution containing a 
corresponding amount of NaOH. No separation of free cystine could be observed. 

If a number of flasks all containing the same quantities of cysteine and liver 
are set up, and the amount of sulphate present is estimated after various intervals, 
it is found that no more sulphate is formed after the nitroprusside reaction has 
disappeared. With 7-8 mg. of cysteine and 60-80 mg. dry weight of liver this 
generally takes from 60-90 minutes, but the time is variable, although the 
relationship is constant. The following experiment is more definite. 12 mg. of 
cysteine and 140 mg. dry weight of liver w T ere shaken for an hour at 37° in 16 ml. 
of Ringer. The flask was then opened, 8 ml. of the fluid were withdrawn for 
sulphate estimation, and half the slices were taken out and placed immediately 
into another flask containing 6 mg. of cysteine in 8 ml. of Ringer, i.e. the same 
concentration of cysteine that the first flask, which now contains only cystine, 
had contained initially. Both flasks were then closed, refilled with gas mixture 
and shaken for an hour at 37°. The sulphate contents of each flask and of the 
fluid withdrawn from the first flask after one hour were estimated. Within the 
limits of the method the sulphate content of a 2 ml. sample was the same in each 
case. Clearly therefore no sulphate was formed during the second hour in the 
flask from which ail the cysteine had disappeared, but a part of the same group of 
slices was very well able to make sulphate when supplied with fresh cysteine. 
This conclusion, that disulphides are first reduced to mercaptans before under- 
going oxidation to sulphate, has already been reached by Lewis et al . [1924] and 
others from feeding experiments on the intact animal. Furthermore, cysteine 
but not cystine can undergo the further stage of oxidation by the disulphide 
form of thiocarbamide which I have already described [Pirie, 1933, 2], 

Hele and Pirie [1931] and Schelling [1932] have found that the intact animal 
can oxidise glutathione to sulphate even if it is given subcutaneously. The 
figures in Table III show that glutathione is also oxidised by tissue slices. It is 
clear that kidney has a much greater capacity to oxidise glutathione than liver. 
This fact makes it probable that the first step is the hydrolysis of the tripeptide 
infib its constituent amino-acids, for it is well known that kidney undergoes 
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Table III. 


No. of rat- 

Wt. of glutathione 
mg. 

Dry wt. of tissue 
mg-. 

Wt. of 8 oxidised 
to S0 4 (y) 

19 

24 

60 liver 

30 

19 

15 

60 liver 

20 

19 

54 

48 liver 

65 

19 

54 

43 kidney 

105 

19 

9 

43 kidney 

68 

21 

30 

64 liver 

45 

21 

30 

45 kidney 

75 

21 

15 

52 kidney 

75 

21 

30 

22 kidney 

57 

25 

30 

69 liver 

40 

25 

30 

29 kidney 

50 

25 

60 

30 kidney 

65 

25 

20 

44 kidney 

65 

25 

10 

44 kidney 

55 

29 

21 

56 liver 

45 


autolysis more rapidly than most tissues, and it is the only tissue in which 
Bierieh and Kalle [1928] were able to find free cysteine. Confirmatory evidence 
can be got by applying Sullivan’s test to the fluid in which liver or kidney has 
been shaken with glutathione. The former gives no trace of cysteine colour, i.e. 
there is less than 0-03 mg. in a 2 ml. sample, whereas the latter contains about 
0-7 mg. The most probable explanation of this would seem to be that the peptide- 
splitting enzymes of kidney make cysteine more rapidly than the cysteine- 
oxidising enzymes can destroy it, whereas in the case of liver this is not so. 
Needless to say the fluid in which kidney has lain for two hours without the 
addition of glutathione gives no detectable Sullivan reaction. 

Oxidation of methionine. 

Both liver and kidney can oxidise methionine to very much the same extent. 
In both cases, however, the rate of oxidation is very much smaller than the 
corresponding rate in the case of a similar concentration of cysteine. These points 
are illustrated in Tables IV and V. It is clear that methionine has to be present 


Table IV. 



Wt. of methionine 

Dry wt. of liver 

Wt. of 8 found in 

of rat 

mg. 

mg. 

the form of S0 4 (y) 

4 

40 

90 

60 

4 

80 

70 

30 

8 

40 

60 

90 

8 

20 

59 

50 

9 

9 

10 

20 

40 

32 

50 

55 

9 

30 

55 

75 

9 

40 

47 

47 

10 

40 

70 

95 

13 

15 

24 

45 

60 

40 

55 

60 

17 

40 

54 

60 

24 

30 

52 

52 

30 

30 

74 • 

97 

32 

32 

24 

24 

91 

78 

52 

50 
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Table Y. 



Wt. of methionine 

Dry wt. of kidney 

Wt. of S found in 

No. of rat 

mg. 

mg. 

the form of S0 4 (y) 

8 

40 

31 

60 

10 

30 

41 

85 

10 

50 

35 

75 

10 

80 

35 

80 

30 

30 

30 

62 


in twice or three times the concentration that is necessary in the case of cysteine 
to get an equal rate of formation of sulphate. Individual variation between rats 
makes comparisons difficult, but it would seem from the figures for rats 4 and 9 
in Table IV that there is quite a definite optimum concentration for sulphate 
production from methionine. Evidence of this sort could not be obtained in the 
case of cysteine on account of the formation of cystine. 

I have found it impossible to get consistent results in the presence of toluene 
or other disinfectants. It is exceedingly unlikely that the sulphate formation is 
due to bacterial action, and the relative constancy of the sulphate production in 
different experiments makes it still less probable. The figures in Table VI show 
that the amount of sulphate formed during the third hour of an experiment is 
the same as that formed during the first and second hours. This fact entirely 
excludes the possibility of bacterial action. 

Table VI. 



Wt. of methionine 

Dry wt. of liver 

Duration of 

Wt. of S found in 

No. of rat 

mg. 

mg. 

experiment (hr.) 

the form of S0 4 (y) 

12 

30 

87 

0-5 

20 (25) 

12 

30 

57 

1*0 

36 

12 

30 

52 

2*0 

60 (50) 

12 

30 

49 

3*0 

85 (90) 


Chase and Lewis [1933] have found in the urine of rats receiving dl - methionine 
a substance which gives a red colour with sodium nitroprusside in the presence of 
sodium cyanide. I have tested the fluid in which tissue slices have been shaken 
with methionine and find in all cases a faint but definite nitroprusside reaction. 
This reaction is given neither by fluid to which no methionine has been added 
nor by methionine solutions shaken without tissue. The possible significance of 
this will be discussed later. 

Table VII. 


iM 


In Table VII the results of an experiment with $- ethyl cysteine are given. 
At a concentration at which cysteine would be very rapidly oxidised and 
methionine would be oxidised at an appreciable though not optimum rate this 
substance is hardly oxidised at all. It is only in relatively concentrated solutions 
that a definite formation of sulphate can be shown. The three substances 
cysteine, methionine and 8 -ethyleysteine do, however, form a series so far as 
in vitro oxidations are concerned which is very unlike their behaviour in the 
intact dog [Pirie, 1932]. There cysteine and methionine resembled one another 
while ^-ethyleysteine was dissimilar. It is likely that this difference is due to 


No. of rat 

Wt. of /S f -ethyl- 
cysteine (mg.) 

Dry wt. of tissue (mg.) 

Wt.pfS f« 
the form ol 

16 

10 

64 liver 

15 

16 

40 

76 liver 

35 

- 16 

80 

71 liver 

57 

16 

40 

32 kidney 

37 
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the fact that the tissue slice experiments are not complicated by the excretory 
mechanism, whereby an intact animal gets rid of foreign compounds into the 

urme * M iscellaneous experiments . 

Neither liver nor kidney can oxidise ergothioneine to sulphate under these 
conditions. This is somewhat unexpected since the sulphur atom in a thiol- 
glyoxaline is very much more readily oxidised to sulphate by chemical means 
than that in cysteine or methionine. Ergothioneine has been tested as a catalyst 
in the oxidation of the other sulphur compounds; here also no effect could be 
found. Thiocarbamide also was not oxidised by liver slices when present in low 
concentration, nor did it catalyse the oxidation of cysteine. It seems therefore 
that this oxidation cannot be directly compared with the oxidation by H 2 0 2 
[Pirie, 1933, 2]. The extract obtained by freezing and grinding liver and then, 
centrifuging out the particles was also tested both as a substrate and as an 
activator; it was inactive. In this connection it should be recorded that the 
tissues of a rat from which food had been withheld for 24 hours had the usual 
oxidising power; rat 30 in Tables I, II, IV and V illustrates this. 


Table VIII. 


No. of rat 

17 

17 

17 

17 

17 

17 

17 

17 


Wt. of 

substrate (mg.) 
None 

40 methionine 
8 cysteine 
30 methionine 
40 methionine 
8 cysteine 
30 methionine 
30 methionine 


Dry wt. of 
liver (mg.) 

53 
41 
49 
46 
- 54 

39 
53 

40 


Gas mixture 
95 % No and 5 % CO> 

95 % 0 2 and 5 % C0 2 
Air 

97 -5 % Go and 2*5 % C0 2 


Wt. of S found in 
the form of S0 4 (y) 
6 (20) 

10 

15 ( 20 ) 

45 
60 
80 
25 
45 


Table VIII relates to the effect of different atmospheres on the oxidation by 
liver. The results call for little comment; as might be expected the oxidation 
does not proceed anaerobically. The oxidation is slow in air and there is no 
appreciable difference between the results obtained when a gas mixture con- 
taining 5 % C0 2 (2 > h of Ringer 7-3) or one containing only 2-5 /o (j» H 01 

Ringer 7-6) was used. , . . .... c 

Little attempt has vet been made to investigate either the stability of this 
enzyme system or the effect of inhibitors upon it. Cooling to about o 
generally inactivates the slices, and heating for 20 minutes a ) coes s 
certainty, but short periods of freezing give erratic results. Fmeiv ground tissue 
is inactive. The action of inhibitory substances is complicated by then effect on 
the autoxidation of the cysteine; a description of the effects observed will be 

published shortly. 

Discussion. 

Lawrie [1932] found that a rat, of the strain used in this laboratory, weighing 
about 240 g. excreted 10 mg. of sulphur in the form of sulphate per ay w ^ 
eating a synthetic diet. By feeding cystine the sulphate excretion coukl_ be 
raised to 20 mg. S per day, but at this level there was a definite rise m the neut ■ 
Tphur also No^ the filer and kidneys of a 240 g. rat 

12 g. ; their dry weight is therefore 2-4 g., and this quantity of tissue v rtl seh ^ 
he called on to oxidise more than 20 mg. of sulphur to aUphate n - 
50 mg. dry weight of tissue should on this basis oxidise 35 y of sulphur to £ 

in 2 hours. The figures in Tables I and II show that Tthis tf the cvS 
sulphate from cysteine at a rate considerably m excess 0 ‘ 
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concentration is raised to unphysiologically high levels. Since, however, the 
sulphate-forming mechanism, when working in vitro , has to compete with the 
antoxidation processes this agreement is fairly satisfactory. The figures in 
Tables IV and V are more important, for methionine is the principal sulphur- 
containing constituent of most diets. When we consider the very high concentra- 
tions of methionine that are being used and also the fact that the action is 
proceeding in 95 % oxygen rather than in air, it is clear that there is little 
quantitative relation between the rates at which rat organs can oxidise 
methionine in vitro and in vivo. 

■ It would be premature to put forward a theory of the mechanism of this 
oxidation with any degree of confidence. As a working hypothesis, however, the 
following scheme is suggested : 

R.SS.R f 1 

or -> 2R.SH 2R. SOH -> R.SH + R. S0 2 H -> H o S0 3 H 2 S0 4 
2R.SCH 3 

Of these processes the first and second are probably enzymic, the third proceeds 
spontaneously at body p H [Pirie, 1933, 2], the fourth is enzymic and the fifth 
need not necessarily be so. The relatively slow rate at which sulphate is formed 
from methionine, taken in conjunction with the occurrence of disulphides in the 
fluid in which methionine is being oxidised, is at least consistent with the theory 
that this substance has to be demethylated before it can be oxidised. 

Summary. 

The oxidation of cysteine and methionine to sulphate by slices of rat liver 
and kidney has been studied. 

Cystine can only be oxidised after undergoing reduction and glutathione 
only after hydrolysis. 

Ethylcysteine is oxidised slowly and ergothioneine not at all. 

A modification in the technique of micro- sulphate estimation is described. 

I am very grateful to Sir F. G. Hopkins for his interest in this work and to 
Dr H. A. Krebs for his advice on many points. 
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Introduction 1 . 

Liebermann [1885] showed that boiling benzene extracted an alcohol-insoluble 
wax which, he called coccerin from the cochineal insect ( Coccus cacti). By 
saponification with strong alcoholic potash and separation of the acids as 
calcium soaps he obtained an alcohol, cocceryl alcohol, which melted at 101-104°, 
and an acid, coccerinic acid, which melted at 92-93°. Two years later Liebermann 
and Bergami [1887] investigated the structure of these two compounds. Analysis 
of cocceryl alcohol suggested that it was a C 30 -alcohol with two oxygen atoms. 
Acetylation with acetic anhydride in a sealed tube at 170° gave a product, 
m.p. 48-50°, apparently a diacetate ; similar evidence was obtained on benzoyla- 
tion, and it was concluded that cocceryl alcohol was a dihydric alcohol 
C 30 H 60 (OH) 2 . On oxidation with chromic acid it gave an acid m.p. 59-60° which 
was identified as pentadecanoic acid. Analysis of the coccerinic acid, and of its 
salts, suggested that it was a hydroxy-acid C 31 H 62 0 3 , although no evidence for 
the hydroxyl group was obtained by acetylation or benzoylation. This acid on 
oxidation was also stated to give pentadecanoic acid, which was identified as 
its methyl ester, m.p. 66-68°. As coccerin gave by saponification two parts ox 
acid to one of alcohol it was considered to be C 30 H 60 (C 31 H 62 O 3 ) 2 , in keeping witi 
the dihydric nature of the alcohol. 

The wax has been more recently examined by Becker [1931], who recry- 
stallised it many times from benzene and chloroform, thereby raising the m.p. 
to 104-105°. By saponification with Nj 2 alcoholic potash and separation or the 
calcium soaps he obtained approximately equal amounts of alcohol, m.p. 102 , and 
of acid, m.p. 94-95°. His analysis suggested that the alcohol was C 32 H 6f) 0 2 , and 
on acetylation in the usual way with acetic anhydride and fused sodium acetate 
it gave a monoacetate, m.p. 78-79°. Treatment in a sealed tube witi ^ e _ lc 
anhydride at 170° gave a mixture from which only the monoacetate could be 
recovered. His analysis of coccerinic acid agreed better with the formula 

i The melting-points below 110° (except those of oximes) recorded in this paper were obtained 
by the method described by Piper et al. [1931] and are corrected. 

‘ The nomenclature used in this paper is based on the following system, which has recently teen 
made official (permissive) by the International Union of Chemistry [cf. J. Chem. Soc. (1931), 1610]. 

It OH R CH OH E.CHO R.C0 2 H R.COC1 R.CONHg R.CH 2 NH 2 

an7 anol -anal -anoic Lid -anoyl -anoaimde -anarnme 

chloride 

The number will be placed immediately before the suffix to which it refers, and the C of the 
CO,H group will be numbered 1. The system is more logical than the one previously used m 
publications from this laboratory and will be adopted in future. A. C. C. 
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C 32 H 64 0 3 , and accepting Liebermann and Bergami’s isolation of pentadecanoic 
acid, he concluded that cocceryl alcohol and coccerinic acid had corresponding 
structures. Coccerin therefore had the same biological origin as the plant waxes, 
and its components were formed by a Cannizzaro reaction from two molecules 
of an aldehyde built up by 'repeated aldol condensation. 

In connection with the research which is being carried out in this laboratory 
into the metabolism of waxes this cocceryl alcohol was of interest. Since 
pentadecanoic acid is now known to melt at 54° and its methyl ester at about 
19° we were not prepared to accept all Liebermann’ s conclusions; in particular 
Becker’s failure to obtain a diacetate suggested to us that the second oxygen 
atom might be ketonic. Clemmensen reduction might therefore provide us with 
w-dotriacontanol, an alcohol which would be extremely useful in connection 
with the X-ray analytical work which we are undertaking in conjunction with 
Dr Piper. 

Our first preparation of the wax w~as made from 15 kg. of cochineal by 
Liebermann’s method. By saponifying in strong benzene -alcoholic potash 
and separating the acids as their calcium soaps there were obtained approxi- 
mately equal amounts of alcohol and acid, confirming the observations of 
Becker. The alcohol after many recrystallisations from benzene and alcohol 
melted at 99-100°. A typical example of one out of many analyses confirmed 
the data of both Liebermann and Becker, viz. 0, 79-5 % and H, 13-2 % . On 
acetylation with acetic anhydride in the presence of fused sodium acetate we 
obtained a monoacetate, again confirming Becker’s results. X-ray analysis gave 
a good photograph, 23 orders measuring 90*4 A. At the time we could not be 
certain of the chain length, but we were able to deduce two facts: (1) if the 
chain length were about 32 carbon atoms, then the doubled spacing showed 
that the alcohol group was attached to the last or penultimate carbon atom; 
(2) the intensity distribution showed that another polar group was attached at 
some point in the carbon chain. 

Treatment with hydroxylamine readily gave an oxime, m.p. 77*5-79°, con- 
firming our surmise that the second oxygen atom was ketonic. Clemmensen 
reduction gave a monohydric alcohol, m.p. 89*7°, and this on reduction via the 
iodide a paraffin. The melting-point and transition temperatures of the latter 
showed that it was slightly impure n-tetratriacontane, and this was confirmed 
by X-ray analysis, which gave both the A and C spacings, and we know that 
the presence of the C spacing is specific [Piper et al . , 1931]. X-ray analysis of 
the monohydric alcohol gave a fair picture, 11 orders measuring 90-2A. At 
this stage in our research the melting-points and crystal spacings for the %-fatty 
acids and primary alcohols with more than 26 carbon atoms were not known, 
but by extrapolating the data obtained by Malkin [1930] from the primary 
alcohols with 12 to 25 carbon atoms this spacing gave a reasonably good agree- 
ment for the primary alcohol with 34 carbon atoms. Cocceryl' alcohol was 
therefore a keto-%-tetratriacontanol, which requires C, 80*2 % and H, 13*5 %. 
These values were appreciably higher than we and the above-mentioned authors 
had obtained, and it was clear that some oxygen-rich impurity was present, 
because a small amount of unsaponified w v ax "would not lower the carbon content. 
Repeated attempts to purify the alcohol and its acetate with various solvents 
were not very successful. 

Another preparation of wax from 15 kg. of cochineal w r as obtained, and this 
was submitted to repeated extraction with large volumes of benzene- alcohol (1:5). 
After the tenth extraction the residue melted sharply at 106° and its weight 
was only about one-third that of the original wax. This was saponified first 
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with benzene-alcoholic potash and then with sodium ethoxide, the acids in 
both cases being converted into the calcium soaps. The cocceryl alcohol thus 
obtained melted sharply at 100 - 100 * 2 °, and on analysis gave, within experi- 
mental error, the correct figures, viz. 0, 80*0 % , H, 13*5 % . Although this 
procedure undoubtedly removed the impurity it was wasteful, and as we were 
desirous of collecting a large quantity of both cocceryl alcohol and the acids 
for further analysis we repeated it with another batch of wax (from 30 kg. of 
cochineal) at the same time paying attention to the products extracted by the 
benzene-alcohol, which were finally collected into two fractions. Full details 
are given in the experimental section. The results show clearly that extraction 
with hot benzene-alcohol does not per se effect very much purification. As will 
be discussed later, the so-called coccerinic acid of Liebermann is a mixture of 
%-fatty acids and a ketonic acid, so that coccerin is a mixture of true waxes 
whose solubility in hot benzene-alcohol will naturally depend on the chain- 
length of the particular acid component. The impurity present is undoubtedly 
stable to saponification with alcoholic potash, but is converted into water- 
soluble products by saponification with sodium ethoxide, and it is the omission 
of this essential step which has led to the misleading conclusions drawn from 
earlier work. 

The purified cocceryl alcohol on Clemmensen reduction gave a monohydric 
alcohol, m.p. 92*2°, which was shown to be %-tetratriacontanol by (I) reduction 
via the iodide to w-tetratriacontane, m.p. 72*6-72*8°, and (2) oxidation to %-tetra- 
triacontanoic acid, m.p. 98*3-98*5° ; the purity of all three products was confirmed 

by X-ray analysis. ' . . 

Oxidation of the keto-alcohol with chromium trioxide in glacial acetic acid 
gave the corresponding ketonic acid in good yield. This was treated with 
hydroxylamine and the resulting oxime converted into the corresponding amides 
by heating with concentrated sulphuric acid. These amides were hydrolysed by 
heating with hydrochloric acid and the products thus obtained were identified 
as n -nonadecanamine , %-eicosanoic acid, %-tridecane-(l :13)-dicarboxylic acid and 
1 4-aminomyristic acid. From this it follows that the ketonic acid is 15-keto- 
%-tetratriacontanoic acid and that the above products are formed as follows . 


CH* . (C:b: 2 ) 18 . CO . ( CH 2 ) 13 . OOJI CH 8 .(OH 2 ) 1K .C(NOH).(CF 2 ) 13 .CO a H 

I H.»SO, 

I 


i 

CH 3 . (CHj) 18 . NH . CO . (CH 2 ) 13 . OO a H 


i 

CH 3 . ( CH 2 ) 18 . GO . NH . (CH 2 ) 13 . C0 2 H 


h 2 o 


HoO 


CH S . (CH 2 ) 18 . NH 2 + C0 2 H . ( CHaha . CO a H CH 3 . ( CH a ) 18 . C0 a H + NH 2 . (CH 2 ) 13 . CO a H 

Cocceryl alcohol is therefore 15 -keto-w-tetratriacontanol. 

The acids obtained from the three fractions of the wax, the so-called coccemuc 
acid of Liebermann, showed variations in melting-point suggesting that they 
were mixtures similar to those met with as components of plant v axes. '■ nu 3 sis 
for carbon and hydrogen however again showed the presence 0 . excess 0 x 3 gen 
above that required for appropriate mixtures of n-t&tty acids. ae 1 ^ rae 1011 
was unaffected by acetylation, showing that the acids weie no 13 1 roxy aei . , 
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as had been suggested by Liebermann. But treatment with hydroxylamine 
gave a product freely soluble in cold acetone which could be readily separated 
from an insoluble residue. This soluble product on purification melted in each 
case at 56-57 ' °, and analysis showed that it was a ketoxime. Hydrolysis re- 
generated the ketonic acid, which melted at 104*5-105°. This was shown to be 
a keto-n-dotriacontanoic acid by Clemmensen reduction to %-dotriacoiitanoic 
acid. The position of the ketonic group was determined as before by heating 
the ketoxime with sulphuric acid to effect a Beckmann transformation. The 
resulting amides were hydrolysed with hydrochloric acid, and the products thus 
obtained were identified as %-nonadecanamine, w-eicosanoic acid, brassylic acid 
and 12-aminolauric acid. From this it follows that the ketonic acid is 13-keto- 
%-dotriacontanoic acid, and that the above products are formed as follows : 

CH s .(CH 2 ) 18 .C0.(CH 2 ) 11 C0 2 H NH s° H CH 3 .(CH,) 1? .C(NOH).(CH 2 ) 11 .CO a H 

I H 2 S0 4 


CH 3 . (CH 2 ) 18 . NH . CO . ( CH 2 ) n C0 2 H CH 3 . (CH 2 ) 18 . CO . NH . (CH 2 ) n . C0 2 H 

| HoO J H 2 0 

i I 

CH 3 . (CH 2 ) 18 NH 2 + C0 2 H . (CH 2 ) 11 . C0 2 H CH 3 . (CH 2 ) 18 . C0 2 H + NHo . (CH a ) n . CQ 2 H 

The constitution has been confirmed by synthesis. 

The fraction of the acids insoluble in cold acetone was again treated with 
hydroxylamine to remove any residual ketonic acid and the product finally 
obtained recrystallised twice from acetone at 37°. This melted at 93*6° and was 
shown to be %-triacontanoic acid. 

It will be clear from the above results that the “ coccerinic acid 5 ’ of Lieber- 
mann was a mixture, and as correctly the name should be applied to the acid 
corresponding to cocceryl alcohol, i.e. 15-keto-?i-tetratriacontanoic acid, which 
has not yet been found in natural products, we recommend that it be abandoned. 

This elucidation of the structure of coccerin is of great interest from the 
point of view of wax metabolism, for not only do the ketonic alcohol and ketonic 
acid provide a clear case of /3-oxidation, but they both contain the group 
CH 3 . (CH 2 ) 18 . CO, which corresponds with the group CH 3 . (CH 2 ) 18 . CHOH present 
in %-nonacosan-10-ol, a constituent of apple cuticle wax [Chibnall et al, 1931]. 
Further discussion is reserved for a later paper. 

The difficulty which we experienced in the early stages of this research in 
purifying coccerin and its constituent alcohol and acids has forcibly drawn our 
attention to two steps in the procedure which we now consider to be essential. 
In the first place the initial saponification of the wax with alcoholic potash 
should be followed by saponification with sodium ethoxide. This is a usual 
precaution if esters of sterols are known to be present, but it is necessary in the 
present case in order to remove more effectively impurities which are stable to 
boiling alcoholic potash. In the second place the alcohol and acid liberated by 
saponification cannot be effectively separated unless the acid is converted into 
the very insoluble calcium soap. Liebermann adopted this procedure, as also 
have certain more recent workers, but others have omitted it probably because 
it has not been generally realised that the potassium or sodium soaps of the 
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fatty acids with, carbon chains longer than 26 become increasingly soluble in 
hot acetone or hot benzene with increase of chain length. For these two reasons 
we consider that most, if not all, of the previous work on the constitution of 
insect waxes is in need of reinvestigation, and it is to be regretted that in most 
cases the waxes themselves are so difficult to obtain even in small amounts. 

This applies especially to the wax of Pemphigus xylostei , which has been recently investigated 
by Schulz and Becker [1931]. The insects were collected over a period of many years and gave 
1*9 g. of wax. This was repeatedly crystallised from chloroform -alcohol, and the sharp melting- 
point, 108-108*5°, to which they call attention, suggests that extraneous material had been 
successfully removed. The wax was then saponified with benzene-alcoholic potash, the alkali 
removed by washing with water and the alcohol (pemphigus alcohol) separated from the acid 
(pemphigus acid) by extraction with hot benzene. The pemphigus alcohol was recrystallised many 
times from hot alcohol, but the indefinite melting-point (100-105°) shows clearly that the material 
was still contaminated with a small amount of potassium soap. Carbon and hydrogen analysis 
of the alcohol and of its acetate (m.p. 75-77°) suggested that it was a C 34 dihydric alcohol, the 
higher homologue of cocceryl alcohol. Accepting Liebermann’s isolation of pentadecanoic acid 
after oxidation of the latter they suggest that pemphigus alcohol is 18-hydroxytetratriaeontanol. 
We do not agree with these conclusions. Their analysis of the alcohol (C, 80*0, 80*21 ; II, 13*40, 
13-50°) agrees much better with that of a ketotetratriaeontanol (C, 80*2; H, 13*5 %} than with 
that of a hydroxytetratriacontanol (C, 79*9; II, 13*8 %). The melting-point (75-77°) of their 
acetate suggests to us the presence of only one acetyl group (cf. the acetate of cocceryl alcohol, 
m.p. 80*9-81*3°); they infer that it is a diacetate from the result of a single analysis for carbon 
and hydrogen on a very small amount of material. To obtain collateral evidence we have ourselves 
reduced cocceryl alcohol to 15-hydroxy-n-tetratriacontanol, and as we expected, the diacetate 
has a much lower melting-point (50-51°). Pending reinvestigation of this wax therefore we prefer 
to consider that pemphigus alcohol is a ketotetratriaeontanol, and that in all probability it is 
identical with cocceryl alcohol. The melting-point of pemphigus acid (101-102°) is too low for 
a hydroxy- (or keto-) acid with 34 carbon atoms as they suggest, and it is undoubtedly a mixture 
similar to “coccerinic acid” but containing a small proportion of re-fatty acid, so that the melting- 
point of the pemphigus wax (108-108*5°) should be higher than that of coccerin (106-106*5°). 

Experimental. 

Preparation of the wax. 30 kg. of cochineal were extracted with boiling 
benzene by British Drug Houses, Ltd. The resulting extract, from which the 
main bulk of the solvent had already been removed before it was delivered, to 
the laboratory, was boiled for 15 minutes with an equal volume (5100 nil.) of 
benzene and the mixture allowed to stand until cold. The product which sepa- 
rated was filtered off and recrystallised from 3 litres of boiling benzene. The 
weight of crude wax, dried in an air-oven at 90°, was 149 g., and the m.p. 
indefinite 99-102°. 

Separation of the wax into three fractions. The crude wax -was first boiled with 
2 litres of 95 % alcohol for 6 hours and the mixture filtered hot. The residue 
melted at 103-104° and the material (2*5 g.) recovered from the solvent at 
98-98*5°. The residue was then extracted seven times successively for 1 hour with 
2 litres of boiling benzene-alcohol (1:4), the mixtures being filtered hot through 
a conical filter under slight suction. The residue melted at 105-106°, while the 
material recovered from the last hot filtrate melted at 100—101“'. The total 
amount of material recovered from these first eight extractions (Fraction I), 
weighed 35 g. Seven further extractions with similar amounts of benzene- 
alcohol were then made. The material recovered from these extracts (Fraction 2) 
weighed 34*9 g. and melted at 103-103*5°. The final residue (Fraction 3) weighed 
62*0 g. and melted at 106-106*5°. A further 9*7 g. of crude wax were recovered 
from the numerous filter-papers used in the above separation and were neglected. 
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; Saponification of the i wax. The treatment of Fraction 3 given below applies 
equally to Fractions 1 and 2. The wax (62 g.) was dissolved in 1800 ml. of hot 
benzene, 1200 nil. of 10 % alcoholic potash were added, and the mixture was 
boiled under reflux for 12 hours. At the end of that period 3 litres of 95 °/ 0 
alcohol containing 160 g. of calcium chloride were added and the boiling con- 
tinued for another 2|- hours. The mixture was then filtered hot, using a battery 
of hot- water- jacketed conical filters. The residual calcium soaps were extracted 
three times successively with 3 litres of boiling alcohol and then with the same 
volume of boiling acetone. The filtrates were cooled, and the crude cocceryl 
alcohol which separated was collected. This material (41 g.) was treated five 
times successively with boiling acetone and filtered hot. The filtrates on cooling 
gave 24 g. of crude alcohol. The residue insoluble in the hot acetone (12 g.) 
contained calcium soaps, which in the previous stage must have been rendered 
soluble in hot alcohol by the excess of potash present, a little unsaponified wax 
and much unidentified material. The crude alcohol and residue were therefore 
collected, dissolved in 1200 ml. of hot benzene and boiled under reflux for 
3J hours with sodium ethoxide (20 g. of sodium in 480 ml. of alcohol). 30 g. of 
calcium chloride in 250 ml. of 95 % alcohol were then added, and the boiling 
was continued for 2 hours. The mixture was filtered hot, and the insoluble soaps 
were extracted three times successively with 1 litre of boiling 95 % alcohol and 
finally with 1 litre of boiling acetone. The combined filtrates on cooling gave 
26-5 g. of crude cocceryl alcohol, m.p. 99-100°. This was digested with 3£ litres 
of boiling acetone and filtered hot. The filtrate on cooling gave 15 g, of alcohol, 
m.p. 99*6-99*8°. The residue was treated three times successively in the same 
way, giving a further 4*7 g. of alcohol, m.p. 100*2-100*5°, The ultimate residue of 
soap weighed 0*8 g., and the acetone mother-liquors on evaporation gave 4 g. 
of crude alcohol which was neglected. 

The calcium soaps from the first saponification were boiled under reflux 
with 2 litres of glacial acetic acid until the solution was clear and the mixture 
poured into an excess of cold water. The precipitated acids were collected, the 
treatment with glacial acetic acid repeated and -the product crystallised from 
acetone. The material thus obtained (25*7 g.) was digested for some t im e with 
3 litres of boiling acetone and filtered hot. On cooling, the filtrate gave 14*1 g. 
of fatty acid, m.p. 98*2-99°. Three further extractions of the residue gave in all 
6*5 g. of fatty acid, m.p. 104-105°. The ultimate residue was neglected, as also 
were the 3 g. of crude acid recovered from the acetone mother-liquors on evapora- 
tion. The gross yield of acids recovered was 23*6 g. and of alcohol 23*7 g., showing 
a loss of 14*7 g. 

Fraction 2 on similar treatment gave 13*1 g. of crude acids and 11*0 g. of 
crude alcohol, showing a loss of 10*8 g. The crude acids on digestion with hot 
acetone gave 1T6 g. of material, m.p. 98*0—98*4°, and the crude alcohol 9 g. of 
material, m.p. 99—100°. Fraction 1 in the same way gave 12*5 g. of crude acid 
and 11-Gg. of crude alcohol, showing a loss of ll*5g. The acetone treatment 
gave. 11 g. of acid, m.p. 89-90°, and 9g. of alcohol, m.p. 100-101°. In all three 
fractions the major part of the loss occurred during the saponification with 
sodium ethoxide. 

Fractionation of the fatty acids . The two samples of acid from Fraction 1, 
and the samples from Fractions 2 and 3 were separately treated with hydroxyl- 
amine in the following way. The acid (14*1 g.) in 800 ml. of alcohol was boiled 
under reflux for 8 hours with 6 g. of hydroxylamine hydrochloride and 9 g. of 
potassium hydroxide. The mixture was then poured into 6 litres of dilute sul- 
phuric acid, the separated material filtered off and washed thoroughly with 
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water. It was then taken up in 1300 ml. of warm acetone; 300 ml. of ether were 
stirred in, and the mixture was allowed to stand for some hours at room tem- 
perature. 4*35 g. of %-fatty acid crystallised out and were filtered oft The other 
three samples gave in the same way 0*93, 6*35 and 1*8 g. of crystalline w-fatty 
acid, which were further treated as described later. 

The acetone-ether mother-liquors were reduced to one-eighth of their original 
volume and cooled in the ice-chest. The material which separated was filtered 
off and dissolved in 1 litre of hot acetone. On cooling to room temperature a 
first crop of crude oxime weighing ' 6*4 g. w r as obtained. The mother-liquor was 
concentrated to 200 ml. and cooled in the ice-chest. A second crop of crude 
oxime was thus obtained. The latter was repeatedly extracted at room tem- 
perature with changes of cold acetone (shaking and centrifuging) until only a 
small residue remained undissolved. On evaporation of the solvent the oxime 
was recovered, and the cold extraction was repeated. The oxime (12*75 g.) then 
crystallised out in rosettes of white needles. 

Constitution of the htonic acid . 

Preparation of the ketonic acid from the ketoxime. The ketoxime melted at 
56-57°. (Found: C, 75*5; H, 12*5; N, 2*4 %. C 32 H 62 0 2 .N0H requires C, 75*4; 
H, 12*5; N, 2*7 %.) The regeneration of the ketonic acid from the ketoxime 
was found to be unexpectedly difficult, owing presumably to a small amount 
of amide formation. The following procedure was tedious and wasteful, and we 
are hoping that further research will enable us to increase the yield materially. 
9*8 g. of ketoxime were warmed on the water-bath with 106 ml. of formaldehyde 
(40 %), and then 100 ml. of concentrated hydrochloric acid were added with 
stirring [Lap worth, 1907]. Separation of solid material rapidly took place and 
appeared to be complete in about 2 minutes. After remaining on the bath for 
about 15 minutes the mixture was poured into water, filtered and the residue 
washed with water and then crystallised from acetone. The material, which 
was recovered in quantitative yield, melted at 99*5—100°. After a prolong® 
fractionation from acetone at 37° there were finally obtained 1*9 g. of the ketonic 
acid, m.p. 104*5-10 5°. (Found: C, 77*9; H, 12*7 %. C 32 H 62 0 3 requires: GV 77*7 ; 
H, 12*6 %.) The lowest-melting fraction obtained melted at 96*4-96*7° and 
contained about 0*2 % of N (Dumas). ^ ^ 

Conversion of the oxime of the ketonic acid into the amides. The oxime (4*4 g.) 
was heated on the water-bath with concentrated sulphuric acid (25 nil.) for 
2-|- hours. The brown solution was cooled and slowly poured on to crushed ice, 
and the precipitated amides were collected and crystallised first from 260 nil. 
of glacial acetic acid and then from an equal volume of acetone. The product 
obtained was a faintly pink crystalline powder melting at 102°. _ 

Hydrolysis of the above amides. 2*5 g. of the amides were heated with l-om- 
of concentrated hydrochloric acid in a sealed tube at 180° for 4 hours. ^ 
resulting dark brown products were mixed with 100 ml. of water and distiliec 
in a current of steam. No volatile acids were separated. The aqueous mixture 
was therefore filtered and the insoluble material taken up in hot alcohol arm- 
filtered to remove charred products. The filtrate was concentrated to 50 mb aiu 
2 volumes of ether were added. On standing overnight a mass of thin ® 
crysta llin e flakes separated, which were filtered off (Fraction A; wt. 0*29 g.)- 
filtrate was concentrated to 10 ml. ; 20 ml. of hot benzene were added and tne 
mixture allowed to stand overnight. In the morning a further 30 ml. of benzene 
were added with stirring and the white solid which separated was filter et o 
(Fraction B; wt. 0*38 g.). The mother-liquor was taken, to dryness and tne 
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residue dissolved in 60 ml. of hot alcohol. The solution was made alkaline to 
phenolphtiialein with alcoholic sodium hydroxide and allowed to stand over- 
night. A white powder separated and was filtered off (Fraction C; 045 g.). 
The mother-liquor on evaporation gave Fraction D. 

Fraction A. This was crystallised from 40 ml. of hot benzene, and gave 
0*26 g. of material which was then repeatedly extracted with ether. The in- 
soluble residue was dissolved in 20 ml. of alcohol and 2 volumes of ether were 
added. The mass of thin colourless plates which separated overnight was 
filtered off and washed with ether. The m.p. was indefinite and analysis suggested 
that the substance was w-nonadecanamine hydrochloride. (Found: C, 71*3* 
H, 13*3; N, 4-2 %. C 19 H 41 N.HC1 requires C, 71*3; H, 13*2; N, 4*4 %.) For 
confirmation this amine, which has not hitherto been prepared, was synthesised 
from pure %-eicosanoic acid by the method of Jeffreys [1899]. The synthetic 
amine and the substance from Fraction A both gave benzoates crystallising 
from alcohol in fine needles melting sharply at 88° either alone or when mixed. 
Samples of w-octadecanamine hydrochloride and %-eicosanamine hydrochloride 
gave benzoates melting at 88*2° and 91*5° respectively, which were depressed 
when mixed with the benzoate from Fraction A. 

Fraction B. This was extracted several times with boiling benzene and the 
insoluble residue crystallised from 20 ml. of 2 A hydrochloric acid. A first small 
crop of crystals separated in a few hours and was filtered off. These melted at 
145° and were found impossible to purity. The filtrate on long standing gave a 
second crop of material in the form of fine colourless lamellae. These melted 
at 163°, alone and when mixed with a sample of authentic 12-aminolauric acid 
hydrochloride prepared by the late Dr Le Sueur. (Found: (micro-Dumas) 
N, 5*6%, C 12 H 25 0 2 N.HC1 requires: N, 5*6%. ) The micro -Kjeldahl method gave 
a low result, possibly owing to ring formation. The free amino-acid was ob- 
tained by dissolving the hydrochloride (18 mg.) in the calculated volume of 
dilute sodium hydroxide solution. The white crystalline mass which separated 
on cooling was collected, washed with cold water and dissolved in boiling water 
(16 ml.) from which it crystallised on cooling in large thin plates. The m.p. was 
183° (uncorr.), unchanged when mixed with a sample of authentic 12-amino- 
lauric acid prepared by the late Dr Le Sueur (m.p. 183°). (Found: (micro- 
Dumas) N, 6*5 %. C 12 H 25 0 2 N requires: N, 6*5 %.) 

Fraction G. This was dissolved in 30 ml. of glacial acetic acid to decompose 
the soaps and poured into water. The solid which separated was filtered off and 
crystallised from ice-cold acetone. Three crops were obtained melting at 66°, 
72*5° and 70° respectively. The first of these was extracted several times with 
boiling light petroleum (b.p. <40°) and the extracts were concentrated to 10 ml. 
The crystalline material which separated melted at 73°. This and the second 
and third crops mentioned above were collected (0*15 g.) and re crystallised 
twice from 10 ml. of 90 % alcohol. The final product melted at 74-74*2°, and 
analysis showed that it was w-eicosanoic acid. (Found: C, 77*2; H, 12*9 %; 
moL wt. by titration 313. C 20 H 40 O 2 requires: C, 76*9; H, 12*9 %; mol. wt, 312.) 
A mixed m.p. of 74*4-74*8° was obtained with a sample of synthetic w-eicosanoic 
acid, m.p. 75*0-75*2°, which had been purified by fractional distillation of the 
ethyl ester. In a mixed melt with synthetic %-heneieosanoic acid, m.p. 74*2—74*6° 
the m.p. was depressed to 70*5°. 

Fraction D. This was treated with ether and allowed to stand overnight. 
The solid which separated was filtered off and the ethereal filtrate extracted 
with water. The solid was dissolved in this aqueous extract, which was then 
acidified and again extracted with ether. The ethereal solution yielded 0*23 g. 
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of solid, which was extracted 'repeatedly with small quantities of light petroleum 
(b.p. <40°). The residue was recrystallised twice from benzene, then from 
acetone (charcoal) and again from benzene. The product (0*09 g., m.p. 108°) 
was dissolved in 150 ml. of boiling water, which was filtered hot. Fine white 
needles separated on cooling (m.p. 111*5°). These were collected, dissolved in 
30 ml. of boiling absolute alcohol and titrated hot to phenol phtha-lein with 
alcoholic sodium hydroxide. After standing some days small plates of the 
sodium soap crystallised out. These were filtered off and dissolved in 50 ml. of 
boiling dilute hydrochloric acid. The crystals which separated on cooling were 
shown to be brassylic acid. (Found: C, 64*3; H, 10*0 %; mol. wt. by titration 
(dibasic acid) 250. C 13 H 24 0 4 requires: C, 63*9; H, 9*9 %; mol. wt. 244.) The 
m.p. was 113°, unchanged when mixed with authentic brassylic acid (m.p. 113*5°). 

Synthesis of 1 3-keto-n-dotriacontanoic acid. The method of Robinson [1930 
and unpublished data] was used. Ethyl 1 1-bromoundecanoate was condensed 
with ethyl sodioacetoacetate to give ethyl 2-acetylbrassylate. Ethyl sodio-2- 
acetylbrassylate (from 4 g. of the ester) in anhydrous ether was added slowly 
to n-eicosanoyl chloride (from 2*8 g. of the acid) in anhydrous ether and the 
mixture allowed to stand overnight. The next morning it was boiled to complete 
the reaction, the ether removed and the condensation product extracted with 
50 ml. of alcohol. 3 litres of 3 % alcoholic (95 %) sodium hydroxide were then 
added, and the mixture shaken for 10 hours on two successive days. Half the 
alcohol was then removed by evaporation and the remainder boiled under reflux 
for 1 hour. After cooling in the ice-chest the precipitated soaps were filtered off, 
decomposed by boiling with aqueous hydrochloric acid and the free acids 
crystallised first from acetone and then from glacial acetic acid. The yield of 
crude acid was 1*1 g., m.p. 99*5-100*5°. To remove residual n-eicosanoic acid the 
material was recrystallised three times successively from acetone at 37°. The 
melting-point was 104*5-105°, unchanged when mixed with the cochineal acid. 
(Found: (Schoeller) C, 77*7; XT, 12*6 %. C 32 H 62 0 3 requires : 0, 77*7; H, 12*6 %.) 
The oxime was prepared in the usual way and crystallised repeatedly from 
acetone. The melting-point was 58-59°, and 57-58° when mixed with the oxime 
of the cochineal acid, which melted at 56-57°. 

Constitution of the n-fatty acids. 

The four samples of n- fatty acids obtained during the fractional crystallisa- 
tion of the ketoxime were collected and 12 g. again treated with hydroxyl.ami.ne 
as before. 1*5 g. of crude oxime and 9 g. of n-fatty acid, m.p. 92*8-93°, were 
obtained. The n-fatty acid was recrystallised twice from acetone at 37°, when 
the melting-point was raised to 93*4-93*6°, unchanged on further treatment. 
It was n-triaeontanoic acid. (Found: C, 79*5; H, 13*3 %; mol. wt. by titration 
454, 453. C 30 H 60 O 2 requires: 0, 79*6; H, 13*4 %; mol. wt. 452*5.) The mixed 
melt with pure n-triacontanoic acid (m.p. 94°) was 93*6-93*8°. The X-ray 
photograph (Series B, 271) gave 32 orders in the B form measuring 71*1 A., 
as against 71*4 A. standard. There was a trace of the C spacing in the 3rd 
order showing that the acid probably contained less than 1 % either of higher 
n-fatty acids or of the keto-acid which had escaped oximation. This is the first 
recorded isolation from natural sources of n-triacontanoic acid as distinct from 
“melissic acid,” which melts at 90-91° and has been considered by various 
workers to be a normal or iso-fatty acid with either 30 or 31 carbon atoms. 
We shall deal with the constitution of this acid in a later paper. 
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Constitution of cocceryl alcohol. 

The samples of cocceryl alcohol obtained from the three fractions mentioned 
above were purified by treatment with acetone in the following way. The 
material (37*7 g.) was stirred with 1200 ml. of acetone at 40° for a short time 
and filtered hot. The residue was recrystallised from boiling acetone and the 
product thus obtained again treated with 1200 ml. of acetone at 40°. After 
the fourth repetition of this operation the m.p. of the final residue (26 g.) was 
constant at 100*5—100*7°. Treatment of the acetone mother-liquor gave several 
fractions melting between 99° and 100° which have not yet been further purified. 

Properties of cocceryl alcohol. The pure alcohol crystallises from most organic 
solvents, and particularly from acetone at 37 °, in small colourless rhombic leaflets 
which melt sharply at 100*5—100*7° and set with a nucleus in long needles at 
99*7°. (Found: C, 80*0, 80*0; H, 13*5, 13*4%. C 34 H 68 0 2 requires: C, 80*2; 
H, 13*5 %.) It is insoluble in all organic solvents in the cold, is slightly soluble 
in boiling ether and low- boiling petroleum and is readily soluble in boiling 
benzene or boiling acetone. * ° 

Treatment with acetic anhydride and fused sodium acetate gave the mono - 
acetate , m.p. 80*9—81*3°, which is soluble in ether and to a small extent in cold 
acetone. (Found: 0, 78*3; H, 12*7 %. C 36 H 70 O 3 requires: C, 78*5; H, 12*8 %.) 
To find out if the presumed diacetate of Liebermann and Bergami [1887] was 
obtained through enolisation of the ketonic group we prepared the acetate 
according to their directions. 1 g. of the alcohol was heated with 0*5 g. of acetic 
anhydride hi a sealed tube at 170° for 2 hours. The resulting product crystallised 
from ether-acetone in fine rhombic plates melting at 80*9-81*2° and was the 
monoacetate. 

The oxime, prepared in the usual way and crystallised from alcohol, melted 

n 774; H > 13 ' 5; N ’ 2 ' 5 %• C m H 68 O.NOH requires: 

O, 77*3, xi, 13*3; N, 2*7 °/ 0 .) It is readily soluble in cold ether and sparingly 
so in cold acetone. 

Reduction of cocceryl alcohol to n-tetratriacontanol. 17*7 g. of cocceryl alcohol 
were reduced by Clemmensen’s method [Le Sueur, 1915] using 160 g. of amalga- 
mated zinc (2 portions) and 160 ml. of concentrated hydrochloric acid (changed 
six times). The reaction was allowed to proceed for 60 hours, when the acid 
was diluted with water and the reduced alcohol, together with the residual zinc, 

. teied oh. The mixed product was treated with a large volume of boiling 
acetone, which was filtered hot. On cooling the filtrate gave 14*8 g. of reduced 
alcohol, m.p. 88*5-89*0°. A second treatment with hot acetone gave a further 
8*2 g., m.p. 90*9-91*3°. The lower-melting fraction was recrystallised twice from 
acetone at 37° which raised the melting-point to 91*2-91*5°. The products were 
combined and 10 g. acetylated with 12*8 g. of fused sodium acetate and 
800 ml. ot acetic anhydride. The acetate was washed with water, crystallised 
ii om acetone and then distilled. The bath temperature was 305°, and 6 fractions 
were collected at 220-235°/0*004 mm. On crystallisation from acetone they all 
melted at 75*5-75*8°. The collected material (7*7 g.) was saponified and the 
resulting alcohol crystallised twice from 4 litres of benzene-acetone (1:2) at 37° 
when the meltmg-pomt was constant at 91*9-92*2°. The yield was 5 g. (Found: 

5 5 > %* requires C, 82*5; H, 14*3 %.) The large colourless 

rhombic plates obtamed from acetone gave an excellent X-ray photograph 
(Series B, 26 6) ; up to 36 orders measuring 74*641. in the B or short form, with 
no trace ot the A or long form. The purity of the alcohol was checked by 
reduction via the iodide to %-tetratriacontane [Pollard e* al. } 1931]. After treat- 
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ment with sulphuric acid this had m.p. 72-6-72-8°; s.p. 72-5°, and heating and 
cooling transition temperatures of 69-2-4° and 68-5° respectively, in excellent 
agreement with those of the pure synthetic paraffin [Piper et ah, 1931]. n-Tetra- 
triacontanoie acid was prepared by oxidising the alcohol (0*5 g.) with chromium, 
trioxide in glacial acetic acid in the usual way [Pollard et al 1931]. The crude 
acid was re crystallised twice from acetone at 37°, when it separated in large 
colourless rhombic plates, m.p. 98*3-98-5°. It gave an excellent X-ray photo- 
graph (Series B 270) in the B or long form measuring 80*4 A., with no trace of 
the C or short form. 

Oxidation of cocceryl alcohol to the corresponding ketonic add. 13 g. of cocceryl 
alcohol dissolved in 3 litres of glacial acetic acid were treated with 7*2 g. of 
(moist) chromium trioxide at 65-70° for 20 minutes. The resulting green solution 
was poured with stirring into 7 litres of water and the solid which separated 
washed thoroughly with water. The salmon-pink powder thus obtained was 
dissolved in 2 litres of boiling 95 % alcohol, which was filtered hot. To the hot 
filtrate a further 200 ml, of boiling alcohol containing 10 g. of potassium hy- 
droxide, followed by 300ml. of boiling alcohol containing 15 g. of calcium chloride, 
were added. After boiling under reflux for 1 hour the mixture was filtered hot to 
separate the precipitated calcium soaps. These were extracted three times with 
1500 ml. of boiling alcohol to remove any unchanged cocceryl alcohol and then 
dissolved in 600 ml. of boiling glacial acetic acid to decompose the soaps. The 
free ketonic acid was precipitated by pouring into excess of water, collected 
and washed repeatedly with water and cold acetone. It was then crystallised 
from 1500 ml. of acetone. The yield was 7*5 g. After re crystallisation from 
acetone at 37° the m.p. was 106-5—107°. (Found: C, 78*1; H, 12*9 %. C^H^Og 
requires: C, 78*1 ; H, 12*7 %.) 

Oxime of the ketonic acid. 7 g. of the keto-aeid, 7 g. of hydroxylamine hydro- 
chloride and 12 g. of potassium hydroxide hi 1500 ml. of 95 % alcohol were 
boiled under reflux overnight. The cooled solution was poured into 4500 ml. of 
dilute sulphuric acid. The solid which separated was extracted with 1200 ml. 
of cold ether, which was afterwards filtered. The ether was removed, and the 
solid residue crystallised from ice-cold acetone; 5*0 g. of oxime in microscopic 
needles, m.p. 62*5-63°, were obtained. (Found: C, 76*0; H, 12*6; N, 2*5 %. 
C 34 H 66 0 2 .N0H requires: C, 75*9; H, 12*7; N, 2*6 %.) 

Transformation of the oxime and hydrolysis of the resulting amides . The pro- 
cedure followed closely that observed with the oxime of 13-keto-w-dotriacon- 
tanoic acid. 4*5 g. of oxime gave 2*5 g. of mixed amides which were hydrolysed 
for 4 hours with concentrated hydrochloric acid in a sealed tube. The appropriate 
treatment gave ether-alcohol-insoluble material weighing 0*67 g. (Fraction A) , 
a very small amount of benzene-alcohol-insoluble material (Fraction B) which 
was neglected, alcohol-insoluble soaps (Fraction C) and alcohol- soluble soaps 
(Fraction D). 

Fraction A. This was extracted twice with boiling benzene. On cooling, the 
benzene deposited 0*28 g. of crystalline material. This was recrystallised ironi 
benzene, extracted thoroughly with ether and the residue crystallised from a 
mixture of 20 ml. of ether and 10 ml. of alcohol. 0*11 g. of %-nonadecanaroine 
hydrochloride were obtained. (Found: C, 71*4; H, 13*3 ; N, 4*2 % . 0 19 H 41 N.H01 
requires: 0, 71*3; H, 13-1 ; N, 4*4 % .) The benzoate, alone and mixed with 
the synthetic product, melted at 88°. 

The material originally insoluble in benzene melted at 157-1 o9 * Alter re- 
crystallisation first from water and then from 2 N hydrochloric acid it melted 
at 166°. The crystalline form and solubilities were similar to those 01 the 
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12-aminolauric acid hydrochloride mentioned above, and there was no doubt 
that it was the expected, but unknown, 14-aminomyristic acid hydrochloride. 
Again we found the amino-acid very difficult to purify, and after repeated 
treatment with boiling acetone and boiling benzene there remained only 18 mg. 
of material melting at 168°. (Found: (miero-Kj eldahl) N, 4-7 %. 
requires : N, 5-0 % .) 13 mg. were dissolved in hot water and the requisite amount 
of alkali added. The free acid crystallised on cooling in thin leaflets, m.p. 181— 
182°. There w T as insufficient material for further treatment or analysis. In a mixed 
melt with 12- amino lauric acid (m.p. 183°) the m.p. was depressed to 168-169°. 

Fraction C. The soaps were dissolved in acetic acid, which was then diluted 
with water. The free acids were collected and crystallised from aqueous acetone. 
The material thus obtained was extracted with light petroleum (b.p. <40°). 
The extract on concentration yielded 38 mg. of fatty acid, m.p. 68°. This and 
the insoluble residue were joined with the similar products isolated from 
Fraction D. 

Fraction D. This was treated in a similar way to Fraction C. The material 
soluble in cold petroleum (60 mg.), with the added material mentioned above, 
was recrystallised from alcohol, acetone and finally from light petroleum. It 
proved to be %-eicosanoic acid. (Found: C, 77-2; H, 12*8 %; mol. wt. by titra- 
tion 308. C 20 H 4O O 2 requires: C, 76*9; H, 12*9 %; mol. wt. 312.) It melted at 
74-0-74*2°, and in a mixed melt with the synthetic acid (m.p. 75-75*2°) the m.p. 
was 74*6-74*8°. 

The residue insoluble in cold petroleum was extracted with boiling water, 
which was filtered hot. On cooling, a few mg. of a white crystalline solid sepa- 
rated, m.p. 111-1 12°. It w r as thought that this acid 'would be n-trideeane-(l : 13)- 
dicarboxylic acid, m.p. 115°, which has been recently synthesised by Chuit [1926]. 
As purification of the brassylic acid in the preceding case had proved excep- 
tionally troublesome, and as none of the synthetic acid was available for a 
mixed melt, the small amount of material was boiled under reflux in 5 ml. of 
methyl alcoholic hydrogen chloride to prepare the dimethyl ester. This melted 
at 42°, alone and mixed with the synthetic ester (m.p. 43°) kindly supplied by 
Dr Chuit. There was insufficient material for analysis. 

IS-Hydroxy-ii-tetratriacontanol. Cocceryl alcohol (1 g.) in boiling amyl alcohol 
(100 ml.) was reduced with sodium (8 g. in small portions). The product was 
washed with w r ater and recrystallised twice from acetone (350 ml.) at 37°, when 
it was obtained in small colourless rhombic plates, m.p. 98*9-99*1°. The yield 
was 0*7 g. (Found: C, 80*1; H, 13*8 %. C 34 H 70 O 2 requires: C, 79*9; H, 13*8 %.) 
The diacetate was prepared with fused sodium acetate and acetic anhydride in 
the usual way and recrystallised twice from a small volume of acetone at 0°, 
when it separated in small rosettes of colourless needles. The melting-point was 
not sharp, the material became molten at 49° and the melt cleared at 50-51°. 
(Found: C, 76*6; H, 12*4 %. C 3S H 74 0 4 requires: C, 76*8; H, 12*5%.) It is 
fairly readily soluble at room temperature in ether and acetone. 

Summary. 

Coecerin, the benzene-soluble, alcohol-insoluble wax of the cochineal insect 
(Coccus cacti) has been investigated in some detail. 

The cocceryl alcohol of Liebermann is not a dihydric alcohol containing 
30 carbon atoms as he suggested but is 15-keto-^-tetratriacontanol. His coc- 
cerinic acid is a mixture consisting of 13-keto-n-dotriacontanoic acid and n- tria- 
contanoic acid. 



CONSTITUTION OF COCCERIN 


The generic relationship between the ketonic aeirl and ketonic primary 
alcohol present in this wax with the secondary alcohol n-nonacosan-10-ol present 
in the wax of apple cuticle is briefly discussed. < 

Reasons are given for the suggestion that all previous work on the constitu- 
tion of insect waxes is in need of reinvestigation. 


In conclusion we should like to thank Dr S. H. Piper for several X-ray 
analyses which have materially aided us in the course of this work; Mrs 6. M. 
Robinson for a sample of 11-bromoundecanoic acid; Chuit, Naef and Co., Geneva, 
for a sample of methyl w»tridecane-(l : 13)- dicarboxvlate ; Dr N. K. Adam for 
samples of 12-aminolauric acid and brassylic acid prepared by the late Dr Le 
Sueur; Mr A. L. Bacharaeh of Glaxo, Ltd., for kindly arranging for the extraction 
of 15 kg. of cochineal with boiling benzene and Dr F. H. Carr of British Drug 
Houses for a similar extraction of 60 kg. of cochineal. 
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XLIV. THE PROTEINS OF GRASSES. 

III. THE CYSTINE CONTENT OF CERTAIN GRASSES 
AND OTHER PASTURE PLANT PROTEINS. 
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A few years ago Robertson [1928] suggested that since the keratin of wool 
contained such a high proportion of cystine (about 13 %) the carrying capacity 
of any country for sheep which are grown for wool production might well be 
determined by the capacity of its pasture plants to produce cystine. Attention 
thus became focused on the cystine content of grasses and other pasture plants. 
Now the major part of this cystine will presumably be present as a constituent 
of the leaf proteins, and to determine this protein- cystine it is necessary to 
hydrolyse the protein with strong acid or (less satisfactorily) to digest it with 
appropriate proteolytic enzymes. As no method for preparing these proteins 
has hitherto been available earlier workers have found it necessary to submit 
the whole grass or pasturage itself to acid hydrolysis or to enzymic digestion. 
This means, in effect, that the proteins in the leaf material have been treated 
in the presence of from three to six times their own weight of cellulose, sugars, 
organic acids etc., and it is not at all surprising that under these very unsatis- 
factory conditions the highly specific colour reaction of Sullivan for cystine 
was found difficult to carry out and indicated the presence of only a trace of 
this amino-acid [Aitken, 1930; Evans, 1931; Henrici, 1932]. Evans [1931] also, 
assuming the alkali-labile sulphur to represent two-thirds of the cystine-sulphur, 
found that the various samples of pasturage examined by him might contain 
from 0*07 to 0*18 % of cystine on the basis of dry matter. He pointed out however 
that not all the labile sulphur of proteins can correctly be ascribed to cystine 
and suggested that the true cystine content of grass must be less than 0*1 % 
of the dry matter. 

Rimington and Bekker [1932], adopting the figure 0*01 % of dry matter as 
a fair average value for the cystine content of grass, calculate that a sheep 
producing a 12 lb. fleece, which contains about 0*78 lb. of cystine, would have 
to eat 21*4 lbs. of dry grass daily in order to obtain this amount of preformed 
cystine. Since sheep under optimum conditions will consume only 4 lbs. of dry 
matter daily they conclude that grasses are deficient in cystine. Woodman and 
Evans [1932] disagree with this conclusion, and point out that Evans’s value, 
0*1 % of the dry matter, for the cystine content of cultivated English pasturage 
would enable sheep to secure the cystine necessary for a 12 lb. fleece during a 
grazing period of only 195 days. Rimington et al. [1933] maintain, however, that 
the value of 0*1 % for the cystine is too high, and in support of their contention 
instance a stud ram which produced a fleece of 46 lbs. on a diet consisting almost 
entirely of lucerne. 

These discussions were based on inadequate experimental evidence. During 
the past three years methods have been perfected in this laboratory for pre- 
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paring the proteins of grasses and other forage plants, and we have now com- 
pleted a fairly searching enquiry into their cystine content. We first determined 
cystine by the well-known methods of Sullivan. The protein hydrolysates were, 
however, deeply coloured and could not be satisfactorily decolorised by means 
of norite or kaolin without large losses of cystine. Our results with cocksfoot 
protein, which we used exclusively in our preliminary experiments, suggested 
only 0 * 1 - 0*2 % of cystine. 

The method of Vickery and White [1933], however, details of which were 
kindly supplied to us some months before publication by Dr Vickery, gave 
very much greater values, 1*1-1 -2 %. According to this method the protein is 
hydrolysed in the presence of tin, which reduces the cystine to cysteine as it 
is set free. The cysteine is then precipitated from solution under appropriate 
conditions as the very insoluble cuprous mercaptide. This precipitate is decom- 
posed with hydrogen sulphide, the cuprous sulphide removed and the organic 
sulphur in the clarified solution determined. In all the cases examined by them 
the cystine content of the protein calculated from this sulphur value agreed 
reasonably well with the content determined by Sullivan’s procedure. In the 
case of our leaf proteins, as mentioned above, there was a great discrepancy. 
Moreover the value for cystine determined by Sullivan’s method on the clear 
filtrate from the cuprous sulphide was similar to that obtained on direct hydro- 
lysis. Clearly the Vickery and White procedure was estimating, in addition to 
the sulphur of cystine, the sulphur of (1) an unknown ammo-acid giving an 
insoluble cuprous salt, or (2) products arising from the decomposition of cystine 
during the acid hydrolysis of the protein in the presence of the small amount of 
impurity which all our grass protein preparations contain. 

We have been able to eliminate the latter alternative by making use of the 
new modification of Sullivan’s method introduced by Prunty [1933]. The cystine 
in the hydrolysate is reduced to cysteine by means of zinc in acid solution instead 
of with sodium cyanide, and during the reduction the hydrolysate is almost 
completely decolorised. Accurate and easily reproducible values for the cystine 
content of the leaf proteins were readily obtained. Added cystine could also 
he recovered in 90-95 % yield, showing that no appreciable destruction of cystine 
was taking place during hydrolysis. Additional proof was afforded by experi- 
ments in which the protein was hydrolysed by enzymes. 

One very interesting result of our research has therefore been the clear proof 
that leaf proteins must contain at least one unknown sulphur- containing amino - 
acid, because Vickery and White have shown that methionine, which is present 
in these proteins, is not precipitated under their conditions as a cuprous salt. 
This unknown amino -acid yields part of its sulphur as sulphide on alkaline 
hydrolysis and may quite likely be the same product which the experiments 
of Zahnd and Clarke [1933] show to be present in egg-white. 

The cystine content of the pasture leaf proteins, determined by the Priinty- 
Sullivan colorimetric method, varies between 0*25 and T25 %, as shown in 
Table I, and by calculation it is possible to show quite definitely that a mixed 
herbage of the type which constitutes the pasturage of sheep in this country 
contains an adequate amount of cystine for the production of a 12 lb. fleece. 
Lucerne protein has also been examined, and as it is relatively rich in cystine 
there is no reason to doubt that the prize ram referred to by Rimington et ah 
[1933] also obtained all the necessary cystine from its diet. As the sulphur of 
the unknown amino -acid referred to above is not stable to alkali it is clear that 
Evans’s determinations of labile sulphur in English pasture grasses were not 
a valid basis for calculating their cystine contents. 
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Experimental. 

Preparation of the proteins. Full details have been given in a previous paper 
[Chibna.il etal. 9 1933]. The nitrogen content of the various preparations ranged 
from 10 to 15 %, owing to the presence of non-nitrogenous impurities whose 
chemical composition is not yet clearly understood [Miller and Cliibnall, 1932]. 
The percentage of cystine determined on these preparations therefore falls short 
of the percentage in the protein by an amount depending on the proportion of 
these impurities present. Leaf proteins known to be pure contain from 15-7 
to 16-7 % N [Cliibnall and Grover, 1926]. On the assumption that the grass 
and other pasture plant proteins should also contain 16 % N we have, in the 
Tables given below, calculated the percentage of cystine in the protein on this 
basis. Adoption of this figure has the additional advantage that in our subse- 
quent discussion on the cystine content of pasture in relation to wool production 
we are able to make direct comparison with the conventional protein (N x 6-25) 
of the agricultural chemist. 

Colorimetric estimation of cystine by the P runty modification of Sullivan* s method. 
The protein (6*5-1 *6 g.) was heated with 25 ml. of 26 % hydrochloric acid in a 
flask immersed in a boiling water- bath for 2 hours, and then gently boiled under 
reflux overnight. The flask was cooled in ice water, 46 % aqueous sodium hydroxide 
added top H 2*5 and the precipitated hiimin separated from the yellow or orange 
solution by centrifuging. To the hiimin remaining in the centrifuge-tube 5-16 ml, 
of dilute sodium chloride solution previously adjusted to p K 2*5 were added, and 
the tube was immersed in a boiling water-bath for 16 minutes, the mixture being 
frequently stirred. The hiimin was again centrifuged of! and the washing repeated 
at least eight times in all. Further washings gave no appreciable amount of 
cystine by the colorimetric method. The use of aqueous sodium chloride instead 
of water for washing the hiimin was necessary to prevent the formation of col- 
loidal suspensions. The final solution was brought to a convenient volume, usually 
160 ml., the last few washings being concentrated, if necessary, in vacuo . 

Two portions of 5 ml were measured into centrifuge-tubes, and to each was 
added 1 drop of concentrated hydrochloric acid and a few mg. of zinc dust. 
The tubes were then heated in a boiling water-bath for 5 minutes, cooled and 
centrifuged. The faintly yellow solutions were decanted into 15 ml. standard 
flasks, containing 1 ml. of 25 % aqueous sodium hydroxide and 2 ml. of 16 % 
aqueous sodium cyanide, the tubes being washed out with the requisite amount 
of water to make up the standard volume. At the same time a convenient 
amount of cystine was reduced and treated in a similar way. To one of the 
unknown solutions (A) and to the known cystine solution (S) were added 1 ml. 
of a 1 % solution of sodium j8-naphthoquinonesulphonate and then immediately 
5 ml. of a 16 % solution of sodium sulphite in 0*5 A aqueous sodium hydroxide; 
while to the other unknown (B) was added only the sulphite solution. After 
remaining at 25° for 30 minutes to each of the three solutions was added 1 ml. 
of a 2 % solution of sodium hydrosulphite in 0*5 A aqueous sodium hydroxide. 
The colour of a known depth of solution (A) was then compared with the colour 
of the same depth of the blank solution (B), superimposed on a variable depth 
of the standard solution (S), using a Klett colorimeter. No rapid fading of the 
red colour has been observed with our hydrolysates such as that recorded by 
Prunty in the case of gelatin. After standing in the ah for half an hour the 
solutions become slightly darker, but the addition of a very small amount of 
sodium hydrosulphite at once restores the original colour. The results for the 
pasture leaf proteins are fully set out in Table I. 
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Table I. The cystine content of pasture leaf proteins estimated by the Primly 
modification of Sullivan's method. 


Species 


."Red clover (Trifolium pratense) 

Rent (Agrostis sp.) 

Cocksfoot (, Dactylis glomerata, ) (AB) 

(AC) 

„ (AB) 

„ (AG) 

„ (AH) 

Rough- stalked meadow grass ( Poa trivialis ) 

Wild white clover ( Trifolium repens) 

Timothy (Phleuni pratense) 

Perennial ryegrass (Lolium perenne) 

Yorkshire fog ( Holcus lanatus) 

Italian rye-grass ( Lolium italicmn ) 

Tall fescue ( Festuca elatior) 

Lucerne ( Medicago sativa) (A) 

Crested dog’s tail ( Gynosurus cristatus) 

Meadow fescue ( Festuca pratensis) 

Red fescue ( Festuca rubra) 

Hard fescue ( Festuca duriuscula) 

Che wings fescue ( Festuca rubra var, Fallax (Hack.)) 
Lucerne ( Medicago sativa) (B) 


Sample of leaf 


protein 


A 

Total N 


True protein 
(N = iG%) 

(ash-free) 

Cystine 

Cystine 

0/ 

0/ 


/O 

/o 

7o 

12-6 

0*16 

0*21 

10*3 

0*15 

0*24 

14*6 

0*26 

0*28 

13-4 

0*20 

0*24 

13*2 

0*20 

0*24 

13*2 

0*21 

0*20 

13*5 

0*23 

0*27 

13*8 

0*23 

0*27 

13-2 

0*26 

0*32 

13*8 

0*29 

0*34 

12*7 

0*38 

0*48 

11*8 

0*36 

0*49 

14*0 

0*59 

0*67 

13*6 

0*60 

0*70 

14-4 

0*66 

0*73 

14*0 

0*70 

0*75 

13*9 

0*67 

0*80 

14*2 

0*77 

0*87 

14*6 

0*85 

0*90 

14*0 

0*85 

0*93 

1.5*8 

1*20 

1*20 


Possible losses in the colorimetric estimation of cystine. The possibility that 
the impurities present in our protein preparations were causing extensive break- 
down of cystine was investigated by adding a known amount of this amino-acid 
before hydrolysis. The results of two typical experiments with cocksfoot and 
crested dog’s tail proteins are given in Table II, and show a recovery of added 


Table II. Showing the recovery of added cystine . 


Protein 

Cystine 

% 

Cystine 

added 

Total cystine 
estimated 

Recovery of 
added cystine 

preparation 

0/ 

/o 

0/ 

/ 0 

0/ 

,0 

Standard HC1 hydrolysis (Prunty): 

Cocksfoot (AC) 0*19 

0*15 

0*31 

91 


0*19 

0*50 

0*65 

94 

Crested dog’s tail 

SJ 

0*70 

0*70 

1*36 

97 

0*70 

0*70 

1*34 

95 

Hydrolysed with H 2 S0 4 
Cocksfoot (AB) 

in presence of tin : 
0*25 


0*21 

84 

0*25 

0*63 

0*74 

84 


cystine in each case of over 90 %. Lugg [1933] has shown that cysteine, pro- 
duced from cystine by heating with stannous chloride and hydrochloric acid, 
may suffer almost complete decomposition if hydrolysed in the presence of 
relatively large amounts of sugars and amino-acids. With pure proteins Vickery 
and White [1933] experienced no such loss. As hydrolysis with hydrochloric acid 
in the absence of oxygen [Okuda, 1926] showed that cocksfoot protein contained 
about 0*1 % of cysteine we think it worth while to record the following experiment. 

Two portions of 1 g. of cocksfoot protein (AB) were taken, and to one were 
added 6*3 mg. of cystine. Each portion was then hydrolysed with 20 nil. of SN 
H 2 S0 4 for 20 hours in the presence of 1 g. of granulated tin. The solutions were 
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cooled, 40 % aqueous sodium hydroxide was added to p H 2-5 and the mixtures 
each containing the humin in suspension, were saturated with hydrogen sulphide.' 
The resulting pale yellow solutions were cleared by centrifuging, and the residue 
of stannous sulphide and humin was washed eight times successively with dilute 
hydrochloric acid. In neither ease did the last two washings give any nitro- 
prusside reaction. The solutions were concentrated in vacuo and the cystine + 
cysteine present estimated colorimetrically in the usual way. The results are 
given in Table II. If it be assumed that the cystine content of the protein be 
that given on standard hydrochloric acid hydrolysis, then the amount of cystine 
estimated m each case amounted to 84 %. The loss is possibly due in part to 
the fact that air oxidation of cysteine to cystine (which must have taken place 
to a small extent during the concentration in vacuo) is not strictly quantitative 
but we think that the major loss is due to adsorption of cysteine on the stannous 
sulphide; even greater losses (20-30 %) were found by Lugg [1933] when cystine 
was heated with stannous chloride and hydrochloric acid, the metal being sub- 
sequently removed as sulphide. The results show fairly conclusively that Prunty’s 
modification of the Sullivan method estimates 90-95 % of the total cystine 
and cysteine present in the pasture leaf proteins. 

The alkali-labile sulphur as a measiire of cystine content. The procedure em- 
ployed by Osborne [1902] was followed. The results were somewhat erratic as 
Osborne found with seed proteins, but representative values for the alkali- 
labile sulphur of cocksfoot protein are given in Table III. If we accept Osborne’s 
conclusion that this represents about two-thirds of the total cystine-sulphur 
the value for cystine m each case would be approximately three times that 
given by the Prunty-Sullivan method. It appears from this result that a deter- 
mination of alkali-labile sulphur estimates not only the sulphur of cystine but 
also in large part the sulphur of the unknown sulphur- containing amino-acid 
whose Presence m the hydrolysis products of these leaf proteins is clearly 
demonstrated by the \ickery and White procedure outlined below. It follows 

wlTfTioS th ?. c r tme 7 alu ° s for P asture quoted by Woodman and 

TfiVo-no riown ' WhlCl i ar ® based on determinations of alkali-labile sulphur by 
Javans [1931], are not valid. r J 

Table III. Showing the distribution of organic sulphur in 
certain pasture leaf proteins. 


True protein (N = 16 %) 


Species 

Cocksfoot (AB) 

„ (AC) 

„ .(AG) 

Tall fescue 
Red fescue 
Hard fescue 
Perennial ryegrass 
Lucerne 


Protein 
preparation 
Total N 
(ash-free) 
o/ 

/o 

14-6 

13-4 

13*2 

13- 6 
14*2 

14- 6 
12*7 
14*4 


Cystine - 
sulphur 

J Sp) 

(Prunty- 

Sullivan) 

Of 

/ o 

0*072 

0*061 

0*063 

0*184 

0*221 

0*24 

0*125 

0*19 


Cystine- 

sulphur 

(Sv) 

(Vickery 
and White) 
% 

0*26 

0*31 

0*31 

0*29 

0-42 

0*38 

0*26 

0*28 


Sv-Sp 

0*19 

0*25 

0*25 

0*11 

0*20 

0*14 

0*14 

0*09 


Alkali- 

labile 

sulphur 

o/ 

/o 

0*12 

0*15 


Total 

sulphur 

% 

M0 

1*30 

1*40 

1*21 

1*56 

1*85 

1*56 

1*55 


nqfoi Tm pJ stl ^ m&rca Ttide)-sulphur by the method of Vickery and White 

nrecSfatd 1 Were h y*olysed in the presence of tin and the cysteine 
precipitated as the cuprous mercaptide. The procedure of these authors gave 
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consistent results without difficulty, and, as will be seen from Table III, the 
► . values for cystine(mercaptide) -sulphur are in all cases greatly in excess of those 

obtained by the Prunty- Sullivan colorimetric method. If the latter represent 
the true cystine -sulphur, as we believe, then it follows that the cuprous oxide 
must have precipitated at least one other sulphur -containing amino-acid. Con- 
firmation of the low cystine content of the cuprous precipitate was obtained in 
the following experiment. 

46 g. of hard fescue protein, containing 0*84 % of cystine by the Prunty - 
Sullivan colorimetric method, were treated according to the procedure of Vickery 
and White. The cuprous mercaptide was then decomposed with hydrogen 
sulphide in the presence of sulphuric (not hydrochloric) acid. The cuprous 
I sulphide was centrifuged off and washed repeatedly by boiling with dilute 

sulphuric acid until the washings gave no nitroprusside reaction for cysteine. 
The clean solution and washings were united, adjusted to p H 7 with barium 
hydroxide and aerated for 1 hour, after which time no free cysteine could be 
detected by the nitroprusside reaction. The solution was then made slightly 
acid with sulphuric acid and concentrated in vacuo. The precipitate of barium, 
sulphate was centrifuged of! and washed repeatedly with 0*602 N sulphuric acid. 
The solution and washings were united and concentrated in vacuo to 250 ml. 
Cystine, by the Prunty- Sullivan method, amounted to 0*27 g., equivalent to 
0*6 % of the protein taken for analysis. Vickery and White show that a certain 
amount of cysteine destruction occurs during the decomposition of the cuprous 
mercaptide. This amount of cystine contains 0*072 g. of sulphur, whereas the 
total organic sulphur present was 0*173 g. 

The solution was then concentrated in vacuo to 25 ml. and an equal volume 
of alcohol added. The pale brown precipitate which came out in the course of 
# a few days was filtered of!, dissolved in a few ml. of dilute hydrochloric acid 

and a small residue of barium sulphate filtered of!. The clear filtrate was then 
cooled to 0° and saturated with hydrogen chloride gas. The mass of fine needle- 
shaped crystals, typical of cystine dihydrochloride, which separated overnight, 
was filtered of! and washed with a little cold absolute alcohol. The weight was 
0*14 g., and the mother-liquor on treatment gave a further 0*06 g., making 
0*22 g. in all, a yield of 60 % of that estimated color imetrically. For analysis 
(Schoeller) the material was dried at 60° in vacuo over phosphorus pentoxide. 
(Found: S, 20*6, 20*4 %. C 6 H 14 0 4 N 2 S 2 C1 2 requires: S, 20*45 %.) The yield of 
cystine compares favourably with that of Vickery and White, if it be remem- 
bered that our solutions contained nearly an equal amount of another sulphur- 
containing amino -acid. 

The liberation of cystine during enzymic digestion. Additional evidence that 
I the Prunty procedure gives a true estimate of the cystine content of the proteins, 

and that the Vickery and White procedure is not estimating any decomposition 
products of cystine, was obtained from experiments in which the protein was 
broken down by enzymic digestion and was therefore not subject to the action 
of products set free from the non-protein impurities by the strong acid hydro- 
lysis. Six digests of cocksfoot protein and one of Italian ryegrass protein have 
been examined ; we shall however only quote one result of the former. Details 
of the experiments follow closely those concerned with the amide-N of proteins 
[Damodaran, 1932, Damodaraii et al, 1932], the enzymes used being pepsin, 
trypsin and intestinal (pig) erepsin in succession. 

The following account concerns the digestion of cocksfoot protein (A±>). 
(Data corrected for added enzyme preparation.) The protein (9*5 g.) was sus- 
^ pended in 400 ml. of dilute hydrochloric acid (p R 1*9) containing 0*4 g. of pepsin. 
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The protein rapidly settled, and the flask was gently shaken at intervals during 
41 hours. At the end of that time much of the protein still remained undissolved^ 
the supernatant liquid containing only 16*6 % of the total N. Previous digests 
had shown that no appreciable amount of cystine was liberated by pepsin [cf. 
Jones and Gersdorff, 1933]. N sodium hydroxide solution was then added to 
p n 8-2, when the major part of the protein residue was at once dissolved. 0-4 g. 
of trypsin was next added, together with 0-5 % of tricresol as antiseptic. It 
was necessary to adjust the digest to p n 8-2 every few hours. Cystine and 
amino-N were determined at intervals, as shown in Table IV. At the end of 
72 hours 5 digestion, when no appreciable protein residue remained, 40 ml. of 
pig erepsin were added. The solution was maintained at p K 8*0, and the amino-N - 
reached a maximum at the end of a further 17 hours. In the case of cocksfoot 
no appreciable increase of cystine was observed with erepsin, though a definite 
increase was noted in the case of Italian ryegrass. All the enzymic digests 
were very deeply coloured, and on neutralisation to about p R 2-5 a large amount 
of material, partly liumin and partly of a proteose nature, was thrown down 
and was difficult to wash. The cystine determinations were therefore not as 
consistent or as reliable as those obtained with corresponding acid hydrolysates. 
It was observed in each case that if the digestion with either trypsin or erepsin 
were prolonged the cystine value fell slowly from the maximum, indicating a 
slow secondary decomposition of cystine under the conditions of the experiments. 

The results however leave no doubt that the amount of free cystine liberated 
was of the magnitude that one would expect if the total cystine in the protein 
were that given by the Prunty- Sulliv an colorimetric method and not that given 
by the Vickery and White mercaptide method; in the case of the cocksfoot 
protein quoted in Table IV the liberation of cystine was 70 % and of amino-N 
was 58 % of the maximum given on acid hydrolysis, while with the Italian 
ryegrass the corresponding figures were 62 % and 64 % respectively. 

Table IV . Showing the amount of cystine set free during the enzymic digestion 
of cocksfoot and Italian ryegrass proteins. 


Cocksfoot protein (AB) Italian ryegrass protein 

14-6 %N _ 14-0 %N 

0-25 % cystine 0*58 % cystine 


Enzyme 

Duration of 
digestion 
(hours) 

t 

Cystine 
(% total 
protein) 

1 11 

Amino-N 
(% total N) 

Cystine 
(% total 
protein) 

1 1 1 a 

Amino-N 
(% total 
protein N) 

Pepsin 

41 

— 

2*4 





Trypsin 

24 

0*09 



0*20 



48 

0*10 

— 

0*24 




72 

0*18 

CO 

<N 

0*30 

34*8 

Erepsin 

17 

0*17 

40*2 

0*36 

44*8 

>> 

41 

0*15 

40*2 

0*33 

45*0 


The total organic sulphur of the proteins. The experimental data given above 
show that the hydrolysis products of all the pasture leaf proteins examined 
contain cystine, and that this can be readily estimated by the highly specific 
colorimetric method of Sullivan. They show also that another amino-acid, 
probably one containing a sulphydryl group, must also be present. It will be 
seen Irom Table III, however, that these two amino-acids, both of which are 
estimated by the method of Vickery and White, account for only about one- 
quarter of the organic sulphur present in the proteins. An estimation of 
methionine on cocksfoot protein by the indirect method of Baernstein [1932] 
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suggests that the remainder may be due to this amino-acid. Further investi- 
gations into the constitution of the unknown amino-acid and of the methionine 
content of the proteins are in progress. 

Reference to Table II shows that in the case of cocksfoot protein with a low 
cystine content the Prunty- Sullivan method estimates only 90-95 % of the 
total amount present. If the protein preparation were very impure, such as 
that of bent or yarrow (N= 10 %), it is probable that the loss could be even 
greater. When preparing the data for Table V, therefore, we have in these cases 
made what we consider a legitimate allowance for a possible loss during the 
estimation of from 5-15 % of the total cystine. We have in a few instances 
determined the cystine content of the dried plant material itself by the Primfcy- 
Sullivan procedure described above. After the reduction process the solutions 
are somewhat darker than in the case of the proteins, but the red colour subse- 
quently developed by the cysteine can be readily estimated. Low values were 
always obtained, and added cystine was destroyed to the extent of 40-50 % . 
This result was not unexpected. 

The cystine content of pastures and wool production. Table V gives the calcu- 
lated amount of cystine, in terms of total dry matter, present in the various 

Table V. Cystine content of pasture plants at various protein levels . 


Cystine as a percentage of total dry matter 
Percentage in the herbage, containing 



of ‘cystine 

r 


K. 





in protein 

Protein 

Protein 

Protein 

Protein 

Protein 

Protein 

Species 

(N=ie%) 

8% 

1 O 0/ 

/O 

16 % 

20% 

24% 

28% 

Yarrow, red clover 

0*25 

0*02 

0*03 

0*04 

0*05 

0*06 

0*07 

Bent, cocksfoot, rough 

0*30 

0*024 

0*036 

0*048 

0*06 

0*072 

0*084 

stalked meadow grass 
Timothy, wild white 

0*35 

0*028 

0*042 

0*056 

0*07 

0*084 

0*098 

clover 

Perennial ryegrass, 

0*50 

0*04 

0*06 

0*08 

0*10 

0*12 

0*14 

Yorkshire fog 

Italian ryegrass, tall 

0*70 

0*056 

0*084 

0*112 

0*14 

0*168 

0*196 

fescue 

Lucerne (A) 

0*75 

0*06 

0*09 

0*12 

0*15 

0*18 

0*21 

Crested dog’s tail, 

0*80 

0*064 

0*096 

0*128 

0*16 

0*192 

0*224 

meadow fescue 

Red fescue, hard fescue 

0*90 

0*072 

0*108 

0*144 

0*18 

0*216 

0*252 

Che wings fescue 

0*95 

0*076 

0*114 

0*152 

0*19 

0*228 

0*266 

Lucerne (B) 

1*2 

0*096 

0*144 

0*192 

0*24 

0*288 

0*336 


pasture plants at certain definite protein levels. These values are based on the 
assumption that the protein is the sole source of cystine. They must therefore 
be regarded only as minimum values, because cystine or cystine peptides may 
possibly be present in the water-soluble, non- protein products of the plants, 
and these have not yet been investigated. 

Before attempting to assess the value of these plants as diet for sheep it is 
necessary to make one or two observations concerning the actual samples which 
were used for preparing the proteins. All the grasses were taken from plots 
which had been cut at least once a fortnight, and the samples consisted almost 
entirely of blades. The red clover and lucerne (A) were each cut about 1 inch 
above ground, and both samples consisted of somewhat stunted plants with 
relatively few leaflets. The protein preparations therefore consist of leaf protein 
well adulterated with that from the stems. The wild white clover and lucerne (B), 
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on the contrary, were from luxuriant crops, and both were cut with a scvthe 
heMweli above the ground so that the sample consisted chiefly of leaflet, 
obtained from the upper few inches of the plants. The protein preparations 
therefore are verynch in the leaf protein. This accounts for the striker difference 
between the two samples of lucerne protein. Sample A, which contained 14-4 <V N 
and 0-73 /o cystme, was prepared from lucerne containing 17-2 % true nrotein 
Sample B, which contained 15-8 % N and 1-2 % cystine, was prepared from 

u ' s ‘ A '’ contaMng about 28 % true pr ° tein 

With regard to the cystine content of pastures and wool production the 
data given m Table V can only be discussed in general terms because in actual 
practice the herbage is always mixed and may change considerably in botanical 
composition during the season. Furthermore, the question of the amount of 
ingested cystine which is catabolised or excreted is outside the scope of this 
paper so that m the followmg discussion we can do no more than attempt to 
show that the minimum amount of cystine ingested is greater than that required 
lor wool-protein synthesis. H u 

If we assume that a sheep eats pasturage containing 4 lbs. of dry matter 

dail 'v| t n en the °'a Q ! b - ° f Cystine neeessar y for an average British fleece” of 6 lbs 
would be secured during one year on a diet containing only 0-0265 % of cystine 

° f dly ma ^ ter ' This is wel1 below the amount which would be pro- 
S f e l bythe £ oore f of pasture consisting chiefly of bent, even if we ignore the 
fact that such pastures would generally contain a small proportion of one of 
the fescues which are rich m cystine. The winter grazing (8 % protein) mizht 
be on the borderline, but for 6-8 months during the growth period the protein 

o7o 04°°/ A°12 IbY 0 ’ ^ f h \ CySt ir C ° ntent ° f the diet ^ ould be in excess 

Behw mi ‘191 Tu UC ] 1S the wei S ht discussed by Rimington and 

Bekher [1.93^] contains 0-y8 lb. of cystine, and for this intake the sheep would 

of STmaS inGrtaiV^ ^ °' 053 % of ^tine the basis 

ol dry matter. In Great Bntam a cultivated pasture of the type which might 

t0 T 1Ty Sheep b ? anng suoh a fleece would probably^ lonsist in lafge 
part of perennial ryegrass with subordinate amounts of Italian ryegrass rough- 
stalked meadow grass, wild white clover and bent at the appropriate season 
rom March to October the pasture would contain on an average nearly 20 °/ 
of protein on a basis of dry matter, so that the cystine context of the diet 
throughout this period would vary between about 0-08 and 0-1 % . This ^razing 
period alone therefore would provide more than enough cystme for the fleecT 
During the winter months the protein content of the grazing would foil but 
he eaily appearance of Italian ryegrass would help materially in maintaining 
an average cystme content hi the diet of about 04)5-0-06 %. From an a°rf 
cultural point of view these descriptions of poor and good quality pastures are 
necessarily very incomplete, and they are used here only as simplffied examples 
to illustrate our general contention that the pastures If Great Britain iost 
certainly contain considerably more cystine than the sheep, which they normally 
carry, require for wool-protein synthesis, especially if it be remembered that 

StTn tips of the Ws > wweh are the 

th eep h?" ' P" frim 6 ciS of 
the whole plant, corresponding to lucerne (A) in Table V. It would therefore 

fea7m a a Z^ C ° ntent ° f ^ °' 12 %• If «»ttfned proportionateWore 
leaf material than our sample, which is very probable, then the cystine content 
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at this protein level would approach the value 0*19 % for lucerne (B) in Table Y. 
These figures are very high indeed when compared with the minimum intake 
required for the 6 and 12 lb. fleeces mentioned above. 

The South African stud ram referred to by Rimington et al. [1933], which 
clipped a record fleece of 46 lbs., was stated to have been fed almost entirely on 
lucerne. Such a fleece would contain about 3 lbs. of cystine, and on a diet con- 
taining 4 lbs. of dry matter daily this amount of cystine would be consumed in 
one year if the lucerne contained 0-21 % of cystine. This is higher than the value 
one would expect from ordinary lucerne meal, but a prize stud animal of this 
type would undoubtedly be given the best possible diet. During the appropriate 
season it would be turned out to feed on fresh lucerne, and it would undoubtedly 
choose in preference the leafy lucerne tops. One of us (A. C. C.) analysed many 
samples of such material collected during the summer of 1924 from crops growing 
around New Haven, Connecticut, U.S.A., and the true protein content in all 
cases was never less than 24 % and generally 30 % of the total dry weight. 
Such material would contain from 0*25-0*3 % of cystine. Lucerne ieaf-meal, 
containing 20-24 % of protein, and hence 0*24-0*27 % cystine, might have 
formed part of the diet in the stall. In the absence of precise data on the ram’s 
diet, therefore, a cystine intake more than sufficient even for a 46 lb. fleece does 
not appear extravagant. 

Summary. 

The cystine content of several typical grass and other pasture plant proteins 
has been determined by Prunty’s modification of Sullivan’s colorimetric method. 
The grass proteins all contain cystine, in amount varying from 0*3 to 0*95 % . 
Lucerne leaf protein is particularly rich in cystine and contains 1*2 % . 

The gravimetric method of Vickery and White gives in all cases a much 
higher value for cystine-sulphur than the amount shown to be present and 
must include the sulphur of an unknown amino-acid. 

The protein- cystine content of the grasses and other pasture plants at various 
protein levels has been calculated, and it appears that pasturage contains ample 
cystine for the wool-protein requirements of the sheep which it normally carries. 

We should like to record our thanks to the Imperial Chemical Industries, 
Ltd., for a grant to cover the cost of this research, to their staff at Jealott’s Hill 
for many helpful discussions and to Mr R. G. Westall for analytical assistance. 
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XLV. THE PENETRATION OF ERYTHROCYTES 

BY ANIONS. 


By MONTAGUE MAIZELS. 

From the Pathology Department , University College Hospital 

(Received January 8th , 1934.) 

The unequal penetration of ions into erythrocytes has been the subject of 
numerous observations. Thus the mature cell although impermeable to cations, 
contains large quantities of potassium, and this in spite of its being suspended 
in plasma which contains little potassium and much sodium. Again, though 
erythrocytes are permeable to anions the latter show varying degrees of penetra- 
tion, and even anions which permeate freely, frequently show an anomalous 
distribution ; the concentration of normal cell-bicarbonate is higher than would 
have been anticipated from a simple Domian equilibrium, while Hastings and 
Van Dyke [1931] have shown that a similar excess of bromide occurs, if bromide 
is added to the fluid in which erythrocytes have been suspended. 

The present investigation is concerned with the entry into erythrocytes of 
various acids or anions and attempts to correlate certain physical properties with 
their ability to penetrate the cell membrane. 

The relative permeation of anions may be determined from the amount of 
one anion entering the cell in a given period of time compared with the amount of 
a second anion entering during the same period. Alternatively, one can expose 
erythrocytes to a solution containing two salts and estimate their relative con- 
centrations in the cells. The second method has been adopted chiefly because 
differences in anion permeation, which are barely perceptible with cells suspended 
in solutions of single salts, are greatly magnified in solutions of the mixed salts, 
the more penetrating ion greatly depressing the entry of the less penetrating ion. 
Chloride was adopted as the standard anion and the second anion B was esti- 
mated indirectly and sometimes both directly and indirectly. The indirect method 
is based on the following assumptions: 

(1) If erythrocytes are suspended in KCl solutions , chloride diffuses across the 
cell membrane and equilibrium is reached within five minutes at 23°. The validity of 
this assumption is shown by the figures in Table I. 

Table I. 



External ‘Pji £>*5 

Ext. Cl 205 m.eq. 


iliXt. 

Ext. Cl 

■ p h y 

88 m.eq. 

A ^ 


% of original 

s 




Time 

volume ( V) 

Cl (m.eq.) 

Time 

(V) 

Cl (m.eq. 

0 min. 

100 

50 

0 

100 

50 

1 „ 

94 

141 

1 

140 

22 

5 „ 

102 

165 

5 

1 22 

20 

60 ,, 

102 

170 

60 

1 22 

20 


(2) The amount of chloride entering erythrocytes from pure KCl solutions 
depends only on p B . This statement is approximate. The erythrocyte contains 
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haemoglobin and potassium which are unable to penetrate the cell membrane, 
and according to the Bonnan equation, if the external 01 falls, some decrease of 
cell-01 must also occur. The actual decrease of 01 however is barely detectable by 
ordinary analytical methods, and if at the end of an experiment unit volume of 
cells has changed to V and the final content of 01 is x, then the total 01 taken up 
by unit volume of cells, Fa;, remains practically constant and is independent of the 
external concentration (Table II). When the external concentration of chloride 
falls very low, lysis of the erythrocyte occurs, but if the external osmotic pressure 
is sustained by the addition of glucose, lysis is prevented and it will be seen that 
the chloride concentration of the erythrocytes is fairly well maintained. 

Table II. 


(5 minutes 5 suspension at 23°. ) 


Ext. Cl 

Ph 

V 

Cl 

Fa- 

JPh 

V 

Cl 

Vx 

205 

7 

88 

105 

92 

5-1 

108 

182 

196 

175 

7 

99 

92 

91 

5*1 

129 

160 

205 

146 

7 

108 

79 

85 

5-1 

133 

150 

200 

124 

7 

124 

70 

87 

5*1 

155 

125 

194 

S8 

7 

150 

59 

88 

5*1 

— 





22* 

__ 

— 

— 

— 

5*1 

88 

176 

155 


* Plus glucose 9 %. 

If the slowly penetrating glucose is replaced by a slowly penetrating anion 
like phosphate, the phosphate acts in the same way as the glucose ; very little 
cell-base combines with phosphate, the bulk of it existing as chloride. 

(3) When erythrocytes are placed in a mixture of salt solutions the sum of all the 
anions entering the cell in five minutes is the same as the amount of chloride entering 
erythrocytes suspended for the same time in pure KOI solution of the same p H . This 
follows from the preceding observation. If the second anion B permeates more 
slowly than Cl, Cl enters to excess to satisfy the combining power of cell-base, but 
with the passage of time, more and more of B diffuses into the cell displacing 
chloride until true equilibrium is reached. Similarly, if B permeates the more 
readily, excess of B enters the cell and is subsequently displaced by CL In other 
words the anion distribution during a quasi- stationary state is used as an index of 
penetrating power. 

If therefore at a given p H , unit volume of cells takes up X in.eq. of Cl from 
pure KC1 solution and if from a solution containing equivalent amounts of KCi 
and KB, cells take up Y in.eq. of Cl, then the cell content of B, Z m.eq., should 
equal X — I m.eq. and the concentration of B relative to Cl, R , may be expressed 
as Z/Y or (X- Y)/Y. 

The preceding paragraph itself involves two assumptions : 

(а) that at a given external p H , a constant difference exists between the internal and external 
Pji> whatever the nature of the external salts may be; 

(б) that at a given inside the erythrocyte, the cell has the power of taking up constant 
amounts of anions whatever the nature of the diffusing salts. 

Neither of these assumptions is strictly correct, but with regard to the second the following may 
be said. The rate of entry of a substance into a cell depends on its ability to penetrate the cell 
membrane and on the amount of the substance that the cell can take up. If B is an acid it can exist 
inside the cell as an anion, as an undissociated acid or as a complex combination with haemoglobin. 
It follows that if B has a low dissociation constant, or if it forms complexes with haemoglobin 
comparable with the formation of carbhaemoglobin by C0 2 , then its concentration gradient 
will be relatively greater than that of Cl and it will tend to enter the erythrocyte in greater 


PERMEABILITY OF ERYTHROCYTES 339 

amounts; but its power of penetrating the cell membrane will not necessarily be greater than 
that of CL 

Now X equals the total anion capacity of cell-base expressed in terms of chloride equivalents; 
7 represents the amount of Cl combined with cell- base in the presence of anion B and X~Y 
represents the amount of B combined with cell base also expressed in terms of chloride equivalents. 
Under these circumstances, it is thought that the value (X-7)/ 7 more truly indicates the relative 
permeation of B and Cl than Zj Y , for Z represents eell-B, dissociated, undissociated and complexly 
combined. 

Further with regard to both the assumptions (a) and (6) it may be said that these approximate 
statements receive justification from Table III, where, with the exception of the phosphate- 
chloride system, total cell-anion (B and Cl) is nearly constant at each p H level. 

Table III. 


(5 minutes’ suspension at 23°. ) 
Ext. B = 87*5 m.eq. 

Ext. Cl = 87*5 m.eq. 


Ext. anion (B) 

Ph 

B+Cl 

m.eq. 

Ph 

B+Cl 

m.eq. 

Ph 

B + Cl 
m.eq. 

Chloride 

7 

92 

6 

150 

5*1 

205 

Iodide 

7 

98 

6 

159 

5*1 

211 

Phosphate 

7 

87 

6 

133 

5*1 

182 

lodoacetate 

7 

92 

6 

160 

5*1 

212 

Oxalate 

7 

80 

6 

146 

5*1 

198 

Salicylate 

7 

96 

6 

149 

5*1 

— 


It is thought that the low figure provided by the phosphate- chloride mixtures 
in acid ranges is due to some specific action of the anion on the cell membrane. 
Such decrease of permeation also invalidates assumption 3 and may be suspected 
where increased acidity causes a decrease of cell volume accompanied by agglu- 
tination. 

It must be clearly understood that though the value R = (X— Y)/Y approxi- 
mately indicates the relative concentrations of B + Cl hi erythrocytes it would 
only indicate the relative permeation of B + Cl if the cells were naturally chloride- 
free. But, in fact, R does not show the relative permeation of B and Cl because 
at the inception of any experiment erythrocytes have a natural chloride content 
of about 50 m.eq., and chloride therefore has an advantage over B, which is 
normally absent from the cell. If one were examining a system at equilibrium 
this initial Cl content would be unimportant, but since the comparison of anion 
permeation depends on the relative anion concentration before equilibrium has 
been reached, the initial Cl content is significant. 

Although one cannot accurately compare the permeation of B relative to Ci 
one can however compare the ratios B/Cl, C/Cl, D/Cl and so obtain a more 
accurate idea of the relative permeations of B, C and D. Further, if the ratio 
B/Cl is equal to 1 or is greater than 1, it may he said that B permeates more 
readily than Cl, while if R is very much less than 1, one may infer that B per- 
meates less readily. 

It would, of course, be easy to remove chloride from erythrocytes by a 
preliminary soa king in potassium sulphate solution and to suspend the chloride - 
free cells in a mixture of KB and KOI, but it has been found that the permea- 
bility of cells twice suspended in salt solutions differs greatly from that of cells 
only once suspended, an observation which agrees with the experiments of 
Brinkman and Van Dam [1920]. 
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Method . 

Normal human blood was centrifuged in two tubes drawn out into sealed 
graduated and calibrated capillaries for thirty minutes at 4000 r.p.ra. The 
volume of erythrocytes was noted and the cells in each tube then suspended hi 
one hundred times their volume of the same test-fluid at 23°. This fluid usually 
contained 87*5 m.eq. of the test-anion (B) and 87*5 m.eq. of chloride. After 5 
minutes the tubes were respun, the of the clear fluid determined colorimetri- 
cally and the change in volume of the erythrocytes noted. The containing tube 
was carefully washed free of all trace of salts with distilled water, which was in- 
troduced with a capillary pipette down as far as the upper face of the erythrocyte 
column. The cells were then analysed. Sometimes it was necessary to examine 
the stability of anion distribution in erythrocytes, and under these circumstances 
the cells were suspended for periods varying from one to sixty minutes, and the 
relative anion contents were then compared. 

It is clear that errors in reading the p T1 of an unbuffered solution are 
much greater than if the solution is buffered. In fact, however, the external 
solution is never completely unbuffered, because a trace of bicarbonate diffuses 
into it from the suspended erythrocytes. To limit p R errors as far as possible, two 
solutions of each indicator were used, one at each end of the corresponding p H 
range. The method in the case of slightly alkaline KC1 solution was as follows. 
A few drops of slightly acid phenol red were added as a layer on the surface of the 
clear supernatant fluid in one of the centrifuge-tubes, while to the fluid in the 
duplicate tube the slightly alkaline phenol red was added. As each indicator 
diffused downwards, its colour changed slightly, the orange solution becoming 
slightly redder and the red solution becoming slightly yellow. The weakest 
clearly perceptible colour in the supernatant fluid was matched with an inverted 

colour-tube, comparison being made with a layer of suitable thickness in the 
tapering portion of the standard tube. It was thought that by these means a fair 
idea of p H might be obtained. 

Chloride was estimated by Claudius’s method [1924]; phosphate by the 
method of Briggs [1922]; iodide and iodoacetate by the method of Kendall 
[quoted by Harington and Randall, 1929] and lactate by Mendel and Gold- 
scheider’s method [1925]. 

Salicylate was estimated by Benedict and Theis’s colorimetric method [1924] 
slightly modified. Diazotisation was allowed to proceed for fifteen minutes. 
It was found desirable to prepare numerous standards so that the colour of 
the unknown did not differ by more than 20 % from that of the standard. 
Duplicate experiments on diffusion of salicylate into erythrocytes gave results 
which agreed within 10 %. 

Oxalate w r as estimated by permanganate titration of the protein-free filtrate 
from cells treated with zinc hydroxide; a blank titration was done on normal 
cells. 

Errors in the method are least marked in buffered solutions and are most 
evident in neutral unbuffered solutions. This arises from difficulties in reading 
Pb. the relatively low chloride content to be estimated. 

Errors in unbuffered solutions at p- R 7 are as follows: 

Errors in tube volume + 0*5 % . 

Errors in Cl estimation +1*5 m.eq. in Y. 

Errors in p R reading + 0*15 p R = ± 7 m.eq. in X. 

Another possible source of error arises from differences in the haemoglobin 
content of unit volume of cells. In normal blood such differences are slight. 


Table IV. Summary of Results. 
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From a consideration of the values obtained in parallel experiments it is 
considered that where the ratio of B/Cl is in the neighbourhood of unity, differ- 
ences exceeding 20 % are significant, but if the ratio is about 0-3, differences of 
permeation should not be assumed unless the ratios differ by 50 % or more. 

The estimated ratio of B/Cl is shown in Table IV immediately after the 
calculated ratio. The organic anions in the Table are arranged in an aliphatic and 
an aromatic series, and these are subdivided into the simple anions and those 
containing additional polar groups, e.g. OH, COOH etc. 

Inorganic anions and thiocyanate. 

(Table IV.) The order of permeation is thiocyanate > iodide > nitrate 
chloride > sulphate > phosphate. 5 

Phosphate-chloride system. Solutions containing KH 2 P0 4 and K HPO 
I 175 *f- e< b) were mixed to give the required p H , and an equal volume of KOI was 
added. It was thought better to use solutions of the same equivalence rather than 
the same osmotic pressure. Since phosphate may be univalent or bivalent 
within the range investigated, it is not possible to determine accurately the 
content of cell-phosphate from the values for cell-phosphorus without knowing 
thep H of the cell. But as over 80 % of phosphate is univalent between p TT 5 
and 6-2 no serious error is involved if one assumes that phosphate is mainly 
univalent when the p s of the external solution is between 5 and 6. In any case 
the figures for cell-phosphorus are so low as to make it clear that phosphate per- 
meates very much more slowly than Cl (Table V). 

Table V. 

5 minutes at 23°. 

% of original Cell-Cl Cell-P 

volume m.eq. mg. P m .eq. U 

130 147 62 20 0*13 

^*1 126 173 26 9 0*05 

6*0 109 126 21 7 0-06 

It will be noted that phosphate permeates at about the same rate between 

° ,j - md but at p E 4*8, where some degree of haemolysis occurs, the phos- 
phorus content rises sharply. It will also be seen that the permeation of phos- 
phate is greatly depressed , while chloride enters to excess to satisfy the combin- 
ing power of cell-base. Thus cells in pure phosphate solution containing 570 mg. 

1*1 X 0 ^ * n 5 m * ns - at ' Ph 5-1, while if the phosphate is 

diluted with KC1 so that its P content becomes 285 mg., cell-phosphorus does 

^6 mo^f^pk proportlonatel y to 117 m g-> fo r actually the cells take up only 

Effect of p# on phosphate permeation. After 5 mins, suspension at 23° cells 
audfiXTJ If t phosphate and the content is practically the same at p K 5 
and 6 (-4 mg. P) but if the cells are immersed for 1 hour in phosphate-chloride 

p l+ ~ , 33 i ( °?y au ™S 87 ’ 5 me T « and 285 mg. P) they take up 85 mg. 

tpjj 5 1 and 215 mg. P at p B 6. In other words if the exposure of ervthro- 
TZnZ phosp J a y f l °ride mixtures is prolonged, a certain impermeability 
l c 1V t B I" thou S ht that “ay be due to a specific 

mefti f f w p i 0sphat f , at Iow Pw which greatly decreases the per- 
reMvdy S ' Wh,fe '“ T ” 8 ‘ he I*™*'™ * «* «bWde ion 
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The unequal distribution of phosphate and chloride inside erythrocytes is 
unstable, for the longer the cells are exposed to mixtures of phosphate and 
chloride, the more nearly does the distribution of these anions in the cells become 
proportional to that in the external solution. 

Iodide-chloride (No. 3). Iodide was estimated directly and chloride, F, was 
calculated indirectly and was also estimated directly from the total halide 
content of the protein-free filtrate of erythrocytes treated with sodium tungstate 
and sulphuric acid, silver nitrate and nitric acid being added and the solution, 
titrated with thiocyanate, without previous boiling. The chloride content of the 
cells was also estimated by Claudius’s method, for it was found that after pro- 
longed boiling with AgN0 3 , R 2 Mn 2 0 8 and HNO s the silver iodide was decom- 
posed almost entirely, and a halide value was obtained which equalled the eell- 
chloride plus a small residue of iodide. Thus at p H 6, iodide was 90m.eq., giving 
a calculated Cl value of 60 ni.eq. Total halide was estimated as 161 m.eq., giving 
an actual chloride value of 71 m.eq., which by the second method (acid incinera- 
tion) was found to be 74 m.eq. At 7, chloride was calculated at 35 m.eq. 
compared with estimated values of 41 and 39 m.eq. 

It is clear that iodide attains a greater concentration in erythrocytes than 
does chloride, and this is the more remarkable when it is recalled that before 
iodide diffusion lias begun chloride is already at its natural level of 50 m.eq. 
Moreover the unequal distribution is relatively stable for periods up to one hour ; 
at pjj 5*9 cell-chloride and iodide were respectively 67 and 93 m.eq. while after 
1 hour they were 69 and 96 m.eq. 

Sulphate-chloride (No. 4), sulphate permeates less readily than chloride; this 
is least evident at p u 5*1 and very marked at p u 7. 

Organic anions . 

A large number of organic anions have been examined. Most of them have 
been standardised by titration, but in some cases salts of known purity were 
used. In the following, calculated (as opposed to estimated) values of B are 
showm in brackets. 

All the organic anions appear to penetrate more readily at low p H . 

Lower fatty acids. This group, from acetate to valerate, appears to permeate 
more readily than chloride at 5*1 and at about the same rate or very slightly 
more slowly between 6 and 7. Table IV shows some indication that permea- 
tion becomes more rapid with increasing length of the carbon chain. 

Formate (No. 7) is exceptional, for while between 6 and 7 it has the same 
ratio as the acetate -valerate series, it permeates much more slowly at p# 5*1. 

Acetate-chloride (No. 8) (sodium acetate; KOI and HOI). At 5*1, R is 1*66; 
at Pn 4*9, however, some haemolysis occurs, and R falls to 6*83. Presumably the 
damage to the cell membrane impairs its semipermeability so that the superior 
penetration of acetate is no longer in evidence. 

Differences in permeation between acetate and chloride at 5 and 6 are 
clearer if acetate and chloride are mixed in the proportion of 1 : 7 and cells are 
suspended for 5 and 60 mins. At p u 6, at which acetate and chloride permeate at 
about the same rate, the distribution of acetate and chloride remains unaltered. 
At 5*1, the superior permeation of acetate is shown by the low initial chloride 
at 5 mins, and its rapid increase during the subsequent 55 mins. (Table VI). 

In order to confirm the superior permeation of acetate, an iodoacetate- 
chloride system was used, although the insertion of an iodine atom in the GH 3 
group may well alter the permeation of the organic anion. However, the com- 
parative similarity of the observed iodoacetate value and' the calculated acetate 
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5 mins. 
60 mins. 


Table VI. 

External acetate 22 m.eq. 
Pm 5*1 

A 

Cell-elxloride Cell-acetate 
107 (98) 

170 (35) 


External chloride 153 m.eq. 
Pm 6 

Cell- chloride Cell-acetate 


129 

131 


( 21 ) 

( 19 ) 


t0 tlle belief that the latter is approximately correct (Table 

Hydroxyaliphatic acids. The following were examined: glycollate lactate 
^-hydroxypropionate and jg-hydroxybutyrate; these substances also permeate 
t rapidly at p R 5-1 and more slowly at higher p H . The addition of a hydroxyl 
group decreases penetration, and this decrease is much greater when the OH is in 

than When is in the ^'Position- Indeed at p K 5-1 the permeation 
of the ^-hydroxy-anion is greater than that of Cl, but at p B 7 it is probably less 
Lactate. The calculated values for lactate were checked by ? the veratroi 
colorimetric method. At^ H 5-03, lactate was calculated to be 89 m.eq. and etti- 
mated as 84 m.eq. ; at^ H 5-7, lactate calculated was 44 m.eq. and estimated to be 

The superior permeation of (3-hydroxy- over a-hydroxy-anions is shown bv a 
comparison of the B/Cl ratio at 5 and 60 mins. In the lactate mixture, the chloride 
Tn hl th “ e ? teS test “ dxs P laced b y the organic anion and decreases with time 

towards an equable 

Table VII. 

(Ext. Cl 87-5 m.eq.. Ext. B 87-5 m.eq.) 

Lactate p B o-l /3-Hydroxypropionate p B 5-05 


5 mins. 
60 mins. 


Cl 

118 

112 


B 

(87) 

(93) 


Ji 

0*74 

0*83 


Cl 

96 

107 


B 

(114) 

(103) 


M 

1*19 

0*96 


p» “StdS' 17) ' ThiS mom slowly than tho 

Thiolacetate (No. 18). The substitution of sulphur for the oxygen in the uolar 
group increases permeation. }{, numepoiai 

Kf onic acids. These acids like the hydroxy-acids also permeate less quickly 

the ‘cOOHr^ 8 fattj I aCldS; T d simiIarl y wlien tlle carbonyl group is near 
tl le — COOH group permeation is slower than when it is further removed from 

in i“S ioT™ te ‘”" ,late ' wh “ h “ *• co 

smtoble™p”Smtert£ a °° l * <>10n of these substances render them un- 

V 5 ‘r r“" ; “ akte whi °" p™*** ■»■>- 

mere slowK TkXtt V, d ‘f rb »^ I “«s on the whole permeate 

the unsaturated inal t m<dude t lG saturated malonate and succinate and 
tartrate ^ &marate * U also deludes the hydroxy-anion 

„■ A a U ttes f e acids have two dissociation constants, and they were adiusted to 
IS solZ T TrZ r f° n ° f 87 ‘ 5 wt en mixed with an equal voW of 
J tb«?A k IV f ° WS that a11 these aoids Permeate more readdy aTlow 
flnw?ti, they p f rmeate less read % than oxalate; that succinate permeates more 
slowly than malonate, and that they all permeate more slowly Cl at™ 
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that fumarate which is mainly bivalent at p u 5*1 permeates less readily than 
maleate which is mainly univalent at this p H . The table shows that the 
addition of hydroxyl or carboxyl groups to dicarboxylat.es makes it almost 
impossible for the anion to penetrate the cell membrane ( e.g . tartrate (No. 27) 
and citrate (No. 28)). It must be noted however that azelate (No. 24), 
(CH,) 7 (COOH) 2 penetrates rapidly between p H 5*5 and 6. It is thought that 
this may be correlated with its high solubility in organic solvents and its low 
dissociation. 

Oxalate-chloride, (No. 21). Oxalate was considered as a dibasic acid {p K 142 
and 4* 39) at p n 5*1. was adjusted with oxalic or hydrochloric add and in 
either case similar results were obtained. 

Oxalate is unique in that it permeates more rapidly than chloride or any 
other anion at low p n , and at p H 7 it permeates more quickly than most anions 
and probably as quickly as chloride, for at p B 7 cell-chloride remains practically 
unaltered while oxalate mounts from 0 to 39 m.eq. 

The effect of length of exposure on the chloride-oxalate distribution at 
5*1 and 6*1 is as follows: 

Table VIII. 


£>n 5*1 . 6*1 

A. 



Cell- 

Cell- 

\ 

Cell- 

Cell- 

Time 

Cl 

oxalate 

R 

Cl 

oxalate 

0 min. 

50 

0 

0 

50 

0 

J min. 

23 

131 

5*7 

38 

104 

1 min. 

26 

139 

5*4 

— 

— 

5 mins. 

30 

168 

5*6 

69 

70 

60 mins. 

S3 

126 

1*5 

— 



So rapidly does oxalate diffuse that in a few seconds its concentration is six 
times as great as that of chloride. With the passage of time however cell-Cl rises 
and oxalate falls so that equality is approached but is not nearly attained m one 
hour At Vtt 6 equality of distribution is reached in 5 mins., hut even here the 
superior permeation of oxalate can be shown by exposing cells to oxalate- 
chloride solution for only a few seconds, when it will be found that oxalate has 
increased to 104 m.eq. while chloride has decreased to 38 m.eq. , 

While superior permeation of oxalate explains its high initial cell concentra- 
tion followed by its subsequent decrease, it does not explain the corresponding 
changes in cell- chloride, which falls from 50 to 23 m.eq. in a few seconds and then 
rises at 1 hour to 83 m.eq. This can only be due to an actual displacement of 
chloride from the cell followed by its return into the cell again. 

For this power of displacing chloride there seems to heno adequate explanation. 
The oxalate-chloride system also illustrates the depression of chloride per- 
meation by the more mobile anion. Cells in pure KOI at 175 m.eq at PnO-ltake 
up 205 m.eq. Cl. Ina mixture containing 87-5 m.eq. each of oxalate and chloride, 
the cells instead of taking up 102 m.eq. Cl actually lose 30 m.eq. and give a Cl 
content of about 20 m.eq. Even if cells are placed in a mixture contain^ g 
155 m.eq. 01 and only 22 m.eq. of oxalate at p H 51, they take up onl> oh m.eq. 

of chloride and as much as 115 m.eq. of oxalate m 5 mins. acetate 

A similar unequal distribution of oxalate and chloride (and also of acetate 
and chloride in tire case of acetate- chloride mixtures) is obtained if heshly 
collected unheparinised blood is added directly to the salt mixt r . 

It should be noted with regard to oxalate that it must be 
those anions which decrease permeation and cause shrinkage « 
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It TT 8 “ oxalate-chloride mixtures, cell volume at p„ 5-5 is 111 0 /,- at® 
o-l, 105 /o and at p H 4-5, 102 %, while the corresponding total anion contents 
are respectively 168, 198 and 167 m.eq. 8 

Aromatic anions. 

Benzoate permeates rather more readily than chloride, but the following 
anions o-, m- and p-hydroxybenzoate, nitrobenzoate and p-aminobenzoate 6 ’ 
though containing a carboxyl group and an additional polar group, all permeate 
lowp ieadlly than benzoate ltself - This superior permeation is most marked at 

Phthalate (No 36), which contains two carboxyl groups, permeates rapidly at 
p H o-l but at. p n 7 its entry is slower than that of any of the preceding anions and 
probably slower than that of chloride itself. 

Naphthoate (No. 35) which contains two benzene rings, penetrates with great 
speed and can be qualitatively recovered from the erythrocyte. Experiments 
with naphthoate, nitrobenzoate and cinnamate were carried out at 5-5 6 and 
7, and acidity was adjusted by the addition of phosphate solution to’ equal 
25 m.eq. m the final mixture. In this way precipitation of the acid at p H 5-5was 

be 'neglected e ’ 4 ° ^ ^ P ermeation > effeots d *e to phosphate itself could 

Salicylate-chloride. Salicylate was determined directly and indirectly The 
sahcylate-chloride values are shown in Table IV (No. 30). The unequal distribu- 
tion of these anions is not entirely stable, but even after erythrocytes have been 
suspended in salt mixtures for 30 mins, at 33° and after haemolysis has 
occurred, it is very evident that salicylate is still present in a concentration 

wbuYTT fT T atlVel ' V than 01 ( Table IX). This is most clearly seen 

SSyllte (iSx) 153 m eC| ' 0f chWe 22 -'•q. of 

Table IX. 


Pr 5*7. 


Time 

:Jr min. 
5 mins. 
30 mins. 
60 mins. 


Temp. 

External 

Cl 

External 

salicylate 

Cell - 
Cl 

23° 

153 

22 

56 

03 ° 

153 

22 

63 

2%° 

153 

22 

82 

33° 

153 

22 

120 


Cell- 

salicylate 

91 

93 

68 

50 


phaMe-cbafu^Tb^T 111 ^ benzene ™gs attached to an ali- 

But mandelate (No esecmnamate and diphenylacetate permeated quickly. 

lesembles^ the ahAhsS T'Ti § rou P * ^e aliphatic chain 

cvlate /No 30i Sf T° n fTTT m its P enetra ting power and not sali- 
The attached t0 its benzene ring, 

quinate^ resembles tLTof ft , anions ’ bexahydxobenzoate and 

quickly,’ while the latter hardly penetrates Tt Si. “ ^ P™* 6 

Discussion. 

envSSiTS" “**) of a semiperme.ble 
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Erythrocytes are impermeable to cations at p H < 8, and this indicates that 
the cell membrane must be positively charged [Mond, 1928]. On the other hand, 
cataphoresis shows that the surface is negatively charged [Hober, 1904]. But as 
Mond remarks, the cell membrane may consist of two elements; an electro- 
negative, giving the cell its cataphoretic properties, and a positively charged 
portion making the cell impermeable for cations. 

The present Investigation is concerned with the passage of anions through, 
this complex envelope. The work of Henderson [1928] and of Van Slyke on 
electrolyte equilibria and the experiments of Hober [1910] on conductivity show 
that within the erythrocyte chloride is mainly ionised, and as it has been found 
that other anions quantitatively replace chloride, it may be presumed that these 
are also ionised. Further it has been found that erythrocytes take up anions 
from acid salt solutions, and as the process is accompanied by cell swelling, it 
seems probable that the bulk of cell-anion is distributed within the erythrocyte 
and not on its surface. 

The difference of acid distribution within erythrocytes may depend on 
differing degrees of unionised complex formation or on differing ionic activities. 

In this case, one would expect the Inequality of distribution to be stable. On the 
other hand unequal distribution may be due to differing rates of permeation 
through the cell membrane, in which event the inequality would be maximum at 

first and tend to diminish subsequently. 

The only systems showing a stable inequality are iodide- chloride and trno- 
cyanate- chloride, and the work of Hastings and Van Dyke [1931] on bromide- 
chloride distribution suggests that this may be due to iodide forming unionised 
compounds to a greater extent than chloride. In the case of sahcylate-chlonde, 
where the initial disparity in distribution diminishes to a fairly staUe inequality, 
it is thought that both of the above mechanisms may he concerned. Most ot the 
other systems show an unstable inequality which tends towards ultimate equality 
of anion distribution within the cell, and this is ascribed to differences of permea- 

tion through the cell membrane. n . 

In view of the large size of some rapidly penetrating ions and the small size 
of others that permeate slowly, it seems unlikely that the pore theory of mem- 
brane permeability can hold with regard to the erythrocyte envelope, a probable 
alternative being that permeation rate depends on relative solubility m the cell 
SSSe cLr from T.ble XV tha,. permeation doe, not depend on 

the solubility of anions in water, and the theory of Overton seems more applic- 
able, namel/ that the penetration of substances into cells depends 
solubility in oily or lipoid substances. According to Jacobs [1924] the substances 
investigated by 7 Overton fall into two groups— polar and non-polar. The latt. 
(e a simple hydrocarbons) are unionised and soluble m organic solvents, thus 
are said to penetrate cells rapidly; the former which 

— NH or — COOH tend to be dissociated and water-soluble; these penetrate ecu 
memtoaL readily, and the more numerous the ^ groups 4e m 
slowly does permeation occur. Attempts to support or refute these t heones > are 
necessarily inconclusive in the absence of data regarding t ® s0 ^ . 

stances in the cell membrane. However, the permeation of substances into 
erythrocytes has been examined from the standpoints of their c issocia uoi 
their partition coefficients in an ether-water system. . , i v 

Reference to Table IV shows that the simple aliphatic acids with one po ax 

COOH group permeate more rapidly than those with two polar groups, whether 
i^ere £?n or an additional -COOH group, while substances hke 

gly cerate, tartrate and citrate (Nos. 17, 27 and 28) which ave moie .ian 
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polar groups penetrate still more slowly. All these substances with numerous 
polar groups are more strongly dissociated and concentrate to greater extent 

[Smith ie i92i r ] eSPOndinS fetty aCidS in the Water phaSe ° f an ether -water system 

Overton suggests that organic substances permeate in the undissociated 
state, and it seems probable that the permeation of organic acids in general may 
depend on the dissociation constants of the acid and on its oil-solubility, varying 
according to the resultant of these two factors. Thus in the simple fatty Void 
gioup the partition coefficient of formic acid is less than that of acetic acid 
TTsTTT 18 n 2 l ' ch more strongly dissociated, and it penetrates much 
ST 7 T? \ resembl mg the hydroxy-ahphatie acids in this. But 

acetate areshnilar ^ ^ WeU dlssociated < the penetrations of formate and 

+w h - 6 memb f 8 T the ace tate-valerate series dissociate to an equal extent, but 
lere is a marked merease m ether- and olive oil-solubility as the length of the 

“ * he B/CI rrti ° ” e pre-existing 

The a-hydroxy-acids, glycollate and lactate are strongly dissociated and 

theTh^r m the water P hase ; these substances penetrate much more slowly; 
the ^.hydroxy^cKls on the other hand are weak acids and, although then- 

fameTnnhT tn milar *° f tIle “- acids > their penetration is more rapid. The 

same applies to pyruvic and laevuhc acids. In the former, the ketonic group 

a vT-mV Carb ° Xy ’ rt 1S WeU dlssooiated and Penetrates slowly; in the latte? 
a /-ketonic group is associated with low dissociation and more rapid pene 

similar. 1 ^ ° f a * d 

m °" BlOWl ' V ““ th ° ^ 

The dicarboxyhc acids, malonic and succinic, are moderately well ionised at 

SelTc’adZmTrmmr? the ™ ter P h f ® and then- permeation is slow. But 
azeiaic acid, (CH^GOOH^, on the other hand is less well dissociated and has an 
ether-water partition of 9-5. At PjI 5-1 it permeates rapidly but at f 7 Z 

c P onXlTi^Tt In ^ T ^ ° Xalate iS - d « is possible to 

ch m in the Trf P + ower I t « Precipitate calcium, for there is no detectable cal- 

reversal S theTTmTT T™ ° alcium P reci P itation resulted in phase 

1Sn ° reaS0U wh y oxalate should permeate 
acid?. 7 1 water-soluble anion, chloride or the ether-soluble organic 

andffinhTT f the ar °matic series, even complex substances like naphthoic 

as tthf W tlC a ° ldS P ermeate ra pidly, and the presence of two polargroups 

““2 ^ ITti a T°hT nitr0 ' benzoic acids d ° e « not seem to interfere with 
permeation All these substances concentrate in the ether phase and attain a 

relatively high concentration in the oil of an olive oil wlter system and ah 

TsenL P TS'T 0 H e erythr0C J e membrane. It may be noted'that while the 

substitution of — ffbvTrm th !, ben r ei f rmg does not dela y permeation, the 
depresses permeation tlle all P llatlc portion of phenylacetate greatly 

ahTatTc mfl T T h h becomes comparable with that of the 

ofmandelate is “t to that of lactate.* It 
y oe observed that the p K , ether-water partition and permeation ratio at 
Ph ^ of saheyhe acid are respectively 3-0 5-0 and 1-78 wPiTa+i, ,. 

data for mandelic acid are 3 37, 1-33 and 0 75 ’ " ^ COTres P ond mg 
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The effect of p H on permeation. The permeation of anions relatively to chloride 
decreases as p K increases. This is due partly to the chloride which is normally 
present in erythrocytes, and the effect will be more apparent at high p H , where 
the total anion taken up by the cells is less. But that the ratios obtaining at p R 
5*1 are not only due to this effect may be seen if the chloride figures at p n 5*1 and 
6 are compared. For not only does B increase as the total cell- anion increases, 
but in many cases cell-chloride remains unaltered and may even decrease, while 
in all cases the increase of B between p H 6 and 5 is greater than the correspond- 
ing increase in chloride. This relative increase in permeation of anion B may be 
due to its being less dissociated at low p K , but such an explanation could not 
apply to sulphate whose permeation relatively to chloride is also higher at p a 
5*1 than at 6. It might be thought that swelling of the cells would itself increase 
permeation by stretching the cell membrane, increase of permeation occurring 
pari pa-ssu with swelling. That this is not the case may be shown by suspending 
erythrocytes in hypertonic and hypotonic lactate-chloride solutions at p H 7 ; in 
the latter solution, marked cell swelling occurs but the ratio of cell-lactate to 
chloride remains the same. 

If one conceives the erythrocyte membrane as a negatively charged protein 
sieve whose holes are filled with lipoid material, then it follows that the re- 
straining effect of the sieve protein meshwork on the permeation of anions will 
be decreased at low p H . Further at low p H the cell swells but the protein element 
will contract as it approaches its isoelectric point and as the total area of the 
cell membrane increases, it follows that the lipoid element must increase in area 
and decrease in thickness \ this will differ from the effect of swelling i ©suiting 
from hypotomicity where the protein and lipoid elements will be extended 

^ it is also possible that p H may affect permeation directly through the lipoid 
portion. Condensed monomoleeular films become expanded at low p H [Adam, 
cited by Bideal, 1930] and such a change in the erythrocyte membrane may well 
alter its permeability. In this connection reference may be made to the .high 
temperature coefficient of expansion of unimole cular fat films — a finding which is 
comparable in degree and range with the temperature coefficient of phosphate 
diffusion into erythrocytes [Maizels, 1932]. # 

It is not suggested that lipoid- solubility is the only factor in, or even the 
direct means of, cell permeation, for adsorption, as well as solubility in organic 
solvents, is an expression of hydrophobe qualities. It is also possible that 
adsorption and permeation may occur at the protein-water interface ot the cell 
envelope. Indeed it is likely that water-soluble substances and water itself may 
penetrate by this route. 

Summary. 


1. The order of permeation of inorganic ions into erythrocytes is (thio- 
cyanate) > iodide > nitrate, chloride > sulphate > phosphate— a lyotropic senes. 

' 2. The permeation rate of anions relative to chloride increases with the 

external hydrogen ion concentration. , . 4 , 

3 The presence of additional polar groups decreases the permeation of or- 
ganic anions. This effect is less marked, if the polar group is not in the a-positmn 
to the carboxyl group, and it also becomes less marked with increasing length ot 

4. Substances permeating rapidly are usually poorly dissociated, have a 
relatively high ether-water partition coefficient and are capillary-active. 
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L TRYPTIC HYDROLYSIS. ; 
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and HEMMIGE RILLIGIRIRANGACHAR SREERANGACHAR. 

From the Department of Biochemistry , Indian Institute of Science, Bangalore. 

(. Received September 4th, 1933.) 

The enzymic digestion of complex substances like proteins is attended by a series 
of physical and chemical changes each of which proceeds at varying rates at 
different stages of the reaction. The viscosity change of the protein-protease 
system, for example, proceeds rapidly in the early stages of the reaction, while 

the changes in optical rotation or in the concentration of amino-groups during j 

the same period are not correspondingly large. Each of these estimations is thus 
predominantly a measure of the particular type of change occurring during a 

definite phase of the reaction. n 

For obtaining an intimate knowledge of the mechanism of protein hydrolysis, 1 1 

it is necessary not only to utilise all the methods that are now available but also 
to invoke the aid of new technique which would either reveal changes not 
recorded by other means or independently confirm those indicated by other 

methods. The dilatometer, therefore, offers a new method of attack in the j 

investigation of the hydrolytic cleavage of complex bodies in general and proteins 

in particular. | 

From the colloid chemical point of view, the degradation of the protein 
molecule can be looked upon as a process in which the degree of aggregation of 
the substrate is being diminished, the few colloidal micellae giving rise to several 
erystalloidal molecules varying in magnitude and composition. This process is 
accompanied by a disturbance in the water equilibrium of the system. From the 

chemical point of view the hydrolysis can be considered as a reaction involving I 1 

the progressive release of amino- and carboxyl-groups. 

Each of the above changes brings about a positive or negative volume change, I 

the combined result of which is registered by the dilatometer. In order to resolve | 

and apportion the net dilatometric change to its constituent physical and j 

chemical reactions, the volume change specific to each of them has to be deter- • j 

mined. These relationships can be ascertained by following the reaction during j 

that phase of hydrolysis at which the change in question proceeds either pre- 
dominantly or exclusively. When such a choice of phase is not possible, the object 

can be achieved by adopting such experimental conditions that one definite , 

reaction proceeds to the practical exclusion of others. One of the possible ways j 

of accomplishing this is to fractionate the enzyme complex into simpler con- 
stituents and investigate their action on the protein. I 
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Galeotti [1911] has conducted a dilatometrie study of the tryptic hydrolysis 
of peptone and milk. The reacting fluids are subject to changes in surface tension 
which would affect the change in the capillary column of the dilatometer. The 
tryptic digestion of milk would really constitute at least two definite systems, 
viz. milk-fat-lipase and caseinogen- trypsin, so that the observed volume change 
would not measure any one specific reaction. 

While the present investigation was in progress, Rona and Fischgold [ 1933 ] 
have published a paper on the peptic digestion of ovalbumin and caseinogen in 
which they have tried to correlate the NH 2 release with volume change. A 
linear relationship was found to exist between the release of amino-groups and 
the dilatometrie depression in the case of ovalbumin ; such a relationship, how- 
ever, was not obtained in the case of caseinogen. The experimental procedure 
adopted by Rona and his collaborators does not lend itself to a study of the 
interesting changes which occur during the first thirty minutes of the reaction. 
With the new type of dilatometer described in one of our earlier communications 
[1932] it is possible to investigate these changes accompanying an enzymic 
hydrolysis from its very commencement. 

The present communication deals with the dilatometrie study of the tryptic 
hydrolysis of caseinogen and gelatin. The reaction has been followed by an 
entirely independent method, viz. determination of amino-nitrogen by Van 
Slyke’s method. 

Materials. Haminerstebrs “casein, 55 Gold label gelatin and PfansteiFs 
trypsin (1 : 75) w r ere the materials employed in the present investigation. All 
the reactions were conducted at p B 7*7, employing Sorensen's phosphate buffer, 
and at a temperature of 30°. Caseinogen and gelatin digestions have been carried 
out at two different concentrations, and the experimental procedure adopted is 
similar to that fully described in our previous communication [1932]. 

Discussion. 

The dilatometrie fall is expressed in mm. 3 and the amino -nitrogen in mg. of 
nitrogen, and the data for each of the systems are graphically represented in 
Figs. 1 and 2, showing the course of hydrolysis of gelatin and caseinogen as 
followed by the dilatometer (Fig. 1) and the determinations of the amino - 
nitrogen (Fig. 2). 

The general shape of the two corresponding sets of time-course curves, 
indicates that the kinetics of tryptic digestion can be followed in the dilatometer 
as well as by the determinations of amino -nitrogen. The dilatometrie method 
offers a more elegant and less cumbersome technique for studying these reactions ; 
by virtue of the ease and rapidity with which measurements can be conducted, 
the method possesses the additional advantage that, in the early stages, when 
enzymic reactions proceed rapidly, a greater number of readings could be 
obtained. 

For the two systems investigated the relation between dilatometrie depres- 
sion and the corresponding increase in amino -nitrogen at different stages of the 
reaction (calculated from the graphs) is given in Fig. 3. The dilatometrie fall in 
mm.° per millimol release of amino -nitrogen at different time intervals is given 
in Table I. 

A close study of the Table and graphs will reveal the existence of an 
interesting series of relationships between dilatometrie change and release of 
amino-groups. During the first thirty minutes there is no proportionality 
between volume change and amino-nitrogen, the dilatometer registering in 
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a given ^ time a greater or smaller amount of change in proportion to the 
amino-nitrogen released during the same interval. It will be observed from 
Table I that the dilatometric depression per millimol release of amino-nitro- 
gen in the case of casein ogen is greater in the initial stages, decreases with 




the progress of hydrolysis and attains practically a steady value after about 
30-40 minutes. In the case of gelatin, however, the ratio increases to a steady 
value. 

This fact is clearly borne out by the graphs (Fig. 3) where an attempt has 
been made to correlate volume changes with the formation of amino-nitrogen. 
It will be seen that a strictly linear relationship exists between them after about 
Biochem. 1934 xxvm 23 
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Table I. 


Time (mins.) 

Dilatometric depression (mm. 3 ) 
per millimol amino-N, 

10 

20 

30 

40 

60 

90 

120 

Gelatin 1 % 

8-8 

9-3 

9-7 

9-8 

9*8 

9*7 

9*7 

Gelatin 2 % 

6-1 

6-5 

6-6 

6-9 

7*1 

7*0 

12*4 

7*1 

11*6 

Caseinogen 1 % 

13-4 

12-6 

12-4 

12-4 

12*3 

Caseinogen 2 % 

16-0 

14-8 

14-0 

13*5 

12-8 

12*4 

12*4 



Fig. 3 . a. 2 % gelatin. 6 . 1 % gelatin, c. 1 % caseinogen. d. 2 % easeinogen. 

30 minutes in the cases both of gelatin and caseinogen; The magnitude of the 
initial change exclusively recorded by the dilatometer appears to be influenced by 
the relative concentrations of the enzyme and substrate and is closely connected 
vith the process of liquefaction which generally precedes the rapid cleavage 
of proteins. A detailed study of this phenomenon is being made. 

If the abnormal change occurring in the first stage of the reaction is ignored, 
a strict proportionality can be observed to exist between the dilatometric 
depression and the release of amino-nitrogen as shown by Fig. 3. The dilato- 
inetric depression per millimol release of amino -nitrogen, which is a constant for 
each protein, appears to be intimately associated with the structure and amino- 
acid make up of the protein. Gelatin has a constant of 8*7 while that of caseinogen 
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Summary. 

1. The course of the tryptic digestion of easeinogen and gelatin has been 
followed in the two -bulbed dilatometer which enables the reaction to be 
investigated from its very commencement. 

2. The early stages of the reaction, during the first 30 or 40 minutes, are 
accompanied by changes registered by the dilatometer hut not indicated by the 
determinations of amino-nitrogen. After this period, however, the dilatometric 
depression is proportional to the release of amino-nitrogen in the case of both 
the proteins. 

3. The abnormality occurring in the initial stages of the digestion is closely 
connected with the process of liquefaction which generally precedes the rapid 
cleavage of proteins. 

4. The dilatometric depression per millimol release of amino -nitrogen has 
been calculated and found to be 8*7 mm. 3 in the case of gelatin and 10*8 in. the 
case of easeinogen. This constant appears to be a function of the structure and 
amino-acid make up of the protein. 
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XLVII. THE INFLUENCE OF THE GONADS 
ON PROTEIN METABOLISM. 

IV. THE EFFECT OF OVARIECTOMY AND OF INJEC- 
TIONS OF GONADAL AND ANTERIOR PITUITARY 

EXTRACTS ON URINARY CREATININE IN 
FEMALE RABBITS. 

By ISIDORE SCHRIRE and HARRY ZWARENSTEIN. 

From the Department of Phtjsiology, University of Gape Town. 

(Received September 26th, 1933.) 

The experiments on males detailed in the first three papers of this series [Schrire 
and Zwarenstein, 1932, 1, 2; 1933] were repeated on females. Creatine and 
creatinine were determined by Folin’s method. The daily output of creatinine 
remained constant within comparatively narrow limits. The excretion of 
creatine, on the other hand, varied considerably. In all Tables, Rabbits Nos. 1, 2 
and 3 are the normal animals and Nos. 4, 5, 6 and 7 the ovariectomised animal s 

Ovariectomy. 

In Table I the dates refer to the first of five 24-liour periods in each case. The 
mean and standard deviation are of the daily creatinine output in mg. given for 
each series of 24-hour periods. The weights of the animals at the beginning and 
at the end of the experiments are included. 

Table I. Daily urinary creatinine , mg. 


Weight, kg. 
Date 

25. i. 32 
8. ii. 32 
15. ii. 32 
22. ii. 32 


21. iii. 32 

18. iv. 32 
9. v. 32 
6. vi. 32 

4. vii. 32 
13. viii. 32 

5. xii. 32 

19. xii. 32 
9. i. 33 

Weight, kg. 



Normal 

A 



Ovariectomised 


1 

2 

3 

t 

4 

5 

6 

7 

2*08 

1*96 

2*0 

2*22 

1*96 

1*89 

1*98 


A. 

Pre-ovariectomy periods, 




65 ±4*6 

77 ±7*4 

70 ±3*6 

71 ±4*1 

67 ±1*9 

76±1*9 
77 ±4*0 
74 ±3*9 

72 ± 5*6 

76 ± 3*6 

76 ± 3*6 

77 ±2*6 

74 ±6*0 

68 ±5*5 

74 ±1*4 

72 ±4*2 

73 ±6*6 

66 ±4*0 
79 ±2*1 
75 ±2*8 

75 ±3*4 

70 ±3*3 

77 ±3*8 

75 ± 7*2 

68 ±5*3 

74 ±4*0 

75 ±1*0 


Nos. 4, 

5, 6, 7 ov 

ariectomised 9. iii. 32. 




B. Post-ovariectomy periods. 


70 ±4-2 

71 ±3-9 
57 ±4-6 
56 ±4-8 


79 ± 3*6 
82 ± 3*0 
74 ± 2*9 
76± 5*5 


— 

— 

74 ±6*3 

76±10*5 



68 ±3* 

— 

78 ±5*6 

78±5*1 

67 ± 3*1 

68 ±3*9 

66 4-3* 

92 ±3*7 

90-4-2*5 

86 ±4*5 

108 ± 8*5 

99 ±8*2 

98 ±3* 

98 ±7*0 

88 ±4*8 

104 ± 6*2 

99 ±4*5 

105 ±5* 

84 ±2*2 

92 ±2*7 

87 ±3*6 

102 ± 2*5 

104 ±4*9 

99±6*« 

3*13 

3*01 

2*32 

3*06 

2*72 

2*50 


76 ±3*2 

74 ±6*4 
64 ±6*8 

67 ±2*8 

75 ±8*7 

68 ±3*4 
89 ±6*3 
99 ±3*5 

103 ±6*3 

2*44 
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The data in Table I are summarised in Table II in the form of percentage 
increases in creatinine and body -weight. 

Table II. 


Creatinine 

Weight 


3 4 

22 40 

16 38 


Inspection of the data shows that five months after ovariectomy the 
creatinine excretion was still normal. This result is in striking contrast to the 
effect of castration in males in which a post-castration rise in creatinine begins 
three to four months after removal of the testes. 

Nine months after the date of ovariectomy an increased creatinine excretion 
occurred in all animals but the rise was significantly larger in the ovariectomised 
animals. The increases in creatinine output bore no constant relation to the 
increases in body weights. A comparison of the percentage figures for the normal 
and ovariectomised animals shows that the increase in creatinine excretion, and 
gain in weight bore an inverse relation to each other for the two series of animals. 
The post-ovariectomy rise in creatinine was still maintained 12-14 months after 
the operation (Tables III and IV). 


Table III. Daily urinary creatinine 5 mg. 

Normal Ovariectomised 


Date 

13. iii. 33 

14. iii. 33 

15. iii. 33 

16. iii. 33 

17. iii. 33 

18. iii. 33 

19. iii. 33 

20. iii. 33 

21. iii. 33 

22. iii. 33 

23. iii. 33 

24. iii. 33 
17. iii. 33 


91 

96 

83 
80 

84 
90 
No 

injection 


90 

91 

90 
105 

80 

88 

100 

80 

95 

91 
88 

Ovary 
extract 
10 cc. 


“A 

3 

r~ 

4 

5 

87 

96 

105 

91 

116 

110 

87 

108 

98 

88 

110 

105 



100 

105 

88 

84 

97 

90 

95 

100 

91 

105 

100 

95 

112 

95 

85 

100 

85 

91 

100 

95 

85 

110 

105 

No 

Ovary 

Brain 


injection suspension suspension 


100 

96 

100 

105 

110 

100 

95 

91 

90 

80 

100 

100 

Brain 

extract 

lOcc. 


105 

105 

104 

no 

109 

85 

88 

no 

100 

84 

no 
112 
Ovary 
extract 
10 cc. 


21. iii. 33 

Testis 
extract 
20 cc. 

Testis 

extract 

20 cc. 

No 

injection 

Brain 

extract 

10 cc. 

Ovary 

extract 

10 cc. 

Testis 

extract 

20 cc. 

Testis 

extract 

20 cc. 



Table IV. 

Daily urinary creatinine , mg. 





Nonna 1 



Ovariectomised 

j. . _ 

' 

■ 'V I 

Date 

24. iv. 33 

25. iv. 33 

26. iv. 33 

27. iv. 33 

28. iv. 33 

29. iv. 33 

30. iv. 33 

1. v. 33 

1 

95 

100 

88 

89 

91 

95 

91 

95 

2 

90 

95 

91 

88 

100 

95 

88 

91 

3 

88 

81 

90 

90 

89 

91 

85 

84 

4 

105 

116 

116 

105* 

95 

89 

100 

100 

5 

116 

no 

105 

105* 

89 

95 

96 

105 

6 

no 

no 

100 

99* 

70 

105 

100 

105 

7 ' 

105 | 

116 | 

116 | 

116* i 

no f 

no "J 

no | 

no ! 

' 1 


33 Nos. 4, 5 and 6 injected with saline suspension of ovaries. 
No. 7 injected with saline suspension of brain. 
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Injection of saline suspensions of ovaries and of ovarian and testicular extracts . 

Finely divided ovaries of cats or sheep and pigs were suspended in Locke’s 
solution and injected subcutaneously. Ovarian and testicular extracts were 
prepared from sheep’s or pig’s ovaries or testes by the method of Moore, McGee 
and co-workers [McGee et al ., 1928; Moore et al 1930]. The final extract was 
taken up in olive oil before injection. Suspensions or extracts of brain were used 
as controls. 1 ml. of extract represents 93 g. testis, 58 g. ovary and 91 g. brain. 

Injection of saline suspension of ovary into ovariectomised animals caused a 
decreased excretion of creatinine. In animal 6, Table IV, there was a fall to the 
pre-ovariectomy level. Both ovarian and testicular extracts caused a slight but 
probably not significant fall when inj ected into normal animals. Larger decreases 
occurred on injection into ovariectomised animals. In all cases brain suspension or 
extract had no effect. 

Injection of anterior lobe extracts . 

An extract of anterior lobe of sheep pituitary was prepared according to 
Bellerby’s method [1933]. An extract of brain prepared by the same method 
served as a control. Both extracts were injected subcutaneously. 

Table V. Daily urinary creatinine. 

Normal Ovariectomised 


Bate 

1 

2 

% 

3 

r 

4 

5 


6 

7 

10. v. 33 

96 

88 

85 

99 

105 


102 

107 

11. v. 33 

100 

110 

107 

105 

105 


101 

100 

12. v. 33 

93 

ill 

82 

105 

105 


116 

112 

13. v. 33 

93 

87 

83 

106 

96 


100 

110 

14. v. 33 

84 

86 

91 

105 

100 


105 

108 

15. v. 33 

105 

91 

105 

110 

100 


105 

105 

16. v. 33 

88 

91 

88 

110 

100 


98 

116 

17. v. 33 

92 

85 

93 

108 

105 



112 

22. v. 33 

88 

84 

88 

110, 

116 



105 

23. v. 33 

98 

93 

92 

113 

117 




109 

24. v. 33 

95 

110 

108 

100 

105 




105 

25. v. 33 

90 

108 

105 

105 

108 




110 

26. v. 33 

88 

88 

91 

105 

116 




116 

27. v. 33 

95 

81 

92 

116 

105 


— 

107 

10. v. 33 

Nos. 1 and 6 injected 

with 3-5 ml. brain extract. 






Nos. 2, 3, 4 and 5 injected with 3*5 ml. anterior lobe extract. 
14. v. 33 Nos. 1, 3 and 7 injected with 2-0 ml. anterior lobe extract. 
Nos. 2 and 4 injected with 2-0 ml. brain extract. 


23, v. 33 Nos. 2, 3, 4 and 5 injected with 4*0 ml. anterior lobe extract. 

Nos. 1 and 7 injected with 4-0 ml. brain extract. 

As in the same experiment with males, injection of anterior lobe extract into 
normal rabbits caused an increased excretion of creatinine, while injection into 
operated animals had no effect on the high creatinine output. Brain extract had 
no effect either in the normal or in the ovariectomised animals. 

Discussion. 

. Tiie results of ovariectomy and of injection of ovarian extracts affords 
evidence of the existence of an endocrine relationship between the ovaries and 
creatinine metabolism. The fact that both ovarian and testicular extracts have 
the same effect on the high creatinine level of ovariectomised animals suggests 
that the active principle in the ovarian extract is similar to, if not identical 
with, the active principle in the testicular extract. 

Evidence presented in a previous paper [Schrire and Zwarenstein, 1933] 
suggests that the persistent increase in creatinine which occurs as the result of 
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castration is due primarily to hypertrophy of the anterior lobe of the pituitary. 
The results recorded above (Table V) indicate that the post-ovariectomy increase 
in creatinine is referable to the same factor. 

Two outstanding differences emerge on comparing the effect of gonadeetomy 
on creatinine excretion in the two sexes. The post- castration, rise in creatinine 
commences 3 to 4 months after removal of the testes and in some cases sooner. 
In females the creatinine level is still normal 5 months after ovariectomy. It is 
unfortunate that owing to unavoidable circumstances no determinations could 
be carried out during the 6tli-Sth post-operative months. When determinations 
could again be resumed in the 9th post-operative month a definite increase in 
creatinine output was apparent. 

In the ovariectomised animals the absolute individual rises in creatinine 
output above the values for the pre-periods were of the order of 41 % . Parallel 
normal controls showed an increase of about 25 % so that the true increase due 
to ovariectomy was actually about 16 % . Castration of males on the other hand 
led to a 25-50 % increase in the output of creatinine. Since in both sexes the 
effect on creatinine is primarily due to a pituitary hypertrophy, this difference is 
explicable on the assumption that functional hypertrophy of the anterior lobe is 
more pronounced in males than in females. This suggestion is supported by the 
observations of Hatai [1913] who found that the pituitary of castrated male rats 
was about 70 % heavier than that of spayed females, and by the results of 
Evans and Simpson [1929] who showed that the anterior lobe of the pituitary of 
gonadectomised male rats was more potent than that of gonadeotomised females, 
as judged by the capacity of implants to produce precocious oestral- changes in 
young females. 

The excretion of creatine was too variable to allow of any certain conclusion 
regarding the effect of ovariectomy. 

Summary. 

1. Ovariectomy of adult female rabbits leads to a 16 % increase in the 
excretion of urinary creatinine commencing at least 5 months after the operation. 
The latent period is longer and the increase smaller than in castrated males. 

2. Injection of saline suspension of ovary causes a fall in the high urinary 
creatinine of ovariectomy. Both ovarian and testicular extracts cause a slight 
fall when injected into normal animals. Larger and significant decreases occur 
on injection into ovariectomised animals. 

3. Injection of extract of the anterior lobe of the pituitary leads to an in- 
creased excretion of urinary creatinine in normal females but has no effect on 
the high creatinine output of ovariectomised animals. 

4. The results reported above afford evidence of an endocrine relationship 
between the ovaries and creatinine metabolism, tbis relationship being an 
indirect one through the anterior lobe of the pituitary. 
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XLVIIL THE RELATIONSHIP OF THE META- 
BOLIC NITROGEN OF THE FAECES TO BODY 
WEIGHT AND TO FOOD INTAKE FOR RATS. 

By BURCH HART SCHNEIDER 1 . 

From the Division of Animal Nutrition, University of Illinois, Urbana, 

Illinois, U.8.A. 

( Received September 29th, 1933.) 

In the computation of biological values of proteins, investigators are divided in 
the maimer of estimating the so-called “metabolic nitrogen of the faeces” 
Thomas [1909] and Martin and Robison [1922] thought this loss of body nitrogen 
to be constant, irrespective of the quantity of food ingested. Mitchell [ 1924 ] has 
considered it to be proportional to the amount of food dry matter consumed. 
Boas Fixsen and Jackson [1932], who favour the former viewpoint, ma ke the 
following statement : “Mitchell [1924] argued that the amount of faecal nitrogen 
ot endogenous origin excreted by a given animal was proportional to the weight of 
dry food ingested and that this ratio varied for different rats. In our experience 
however, the results of several series of experiments on the same rat receiving 
nitrogen-free diets provide no evidence in support of such a relationship, at any 
rate where adult rats are concerned. On the contrary, in our work the same rat 
has shown an excretion of faecal nitrogen which is roughly constant in amount 
m spite of large variations in the food intake. . . . ” 

. ^ s ^ ese observations of Boas Fixsen are not in harmony with those made at 
this laboratory, the literature has been searched for evidence bearing upon the 
problem A summary was made of all rat metabolism data relating to low- 
nitrogen diets that are available. This summary includes 1160 determinations 
ot metabolic nitrogen (about one-third of which is from the author’s unpublished 
data and the remainder from the literature) with rats of different body weights 
and consuming different amounts of food. The correlation of metabolic nitrogen 
and lood consumed secured from these data is shown in Fig. 1 . The regression 
me has a significant slope, which measures the rate of increase in metabolic 
nitrogen as more food is consumed. The rectilinearity of these data throughout 
most of their range seems apparent. The means of the arrays of the data when 
grouped follow a straight line except at the lowest and highest food intakes; 
the significance of these exceptions will be discussed later. 

It cannot be stated, however, that all of the metabolic nitrogen excreted is 
proportional to the food consumed, since the intercept of the regression line on 
the y axis (zero food intake) is a significantly positive value. This part of the 
metabolic nitrogen obviously is not related to food intake. 

There is, therefore, a constant fraction of the metabolic nitrogen, as well as a 
traction which varies with food intake. If for any reason one fraction is much 
larger than the other, the impression may easily be created that the metabolic 
nitrogen is all of that fraction, either all constant or all proportional to food 
intake. Mitchell [1924; 1926] noted a relationship of metabolic nitrogen to body 

1 National Research Council Fellow in the Biological Sciences, 1931-33. 
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weight, but recognised with his small rats a much greater relationship to food 
intake. Boas Fixsen with large rats found “no evidence in support of such a 
relationship.” 

The correlation coefficient (r PM ) between food intake and metabolic nitrogen 
obtained from these 1160 observations is 0*745 + 0*009. Correlation coefficients 
much nearer unity have been obtained by the author with data from individual 
rats 1 . The correlation coefficient (r WM ) between body weight and metabolic 
nitrogen Is 0*502 + 0*015, demonstrating that the relationship of metabolic 
nitrogen to body weight with these data is much less than, the relationship of 
metabolic nitrogen to food consumption. To express adequately the relationship 
of metabolic nitrogen to food intake or body weight, irrespective of any relation- 
ship that may exist between body weight and food intake, it is necessary to make 
use of partial correlation coefficients. The partial correlation coefficient (r PM<w ) 
of food intake and metabolic nitrogen independent of body weight is 0*744 + 0-009, 
while that (r wyLF ) of body weight and metabolic nitrogen independent of food 
Intake, is 0*499 ±0*015, indicating, as with simple correlation, that a closer 
relationship exists between food intake and metabolic nitrogen than between 
body weight and metabolic nitrogen. , , . , , 

The fact that the metabolic nitrogen in the faeces is related to body weight 
as well as to food intake, suggests that the constant fraction of the metabolic 
nitrogen, represented by the intercept of the regression line on the metabolic 
nitrogen axis in Fig. 1, varies with the body , weight of the rat. Evidence con- 
firming this suggestion may he deduced from these data.. At the upper right-hand 
corner of Fig. 1, it will he noticed that the metabolic nitrogen values associated 
with the greatest food intakes, which were secured only with the larger rats, are 
all located above the regression line. Likewise, the points which are above e 
regression line at its lower end, and cause the data to depart from rectilmeari -y, 
were obtained again with the larger rats. In fact, the values obtained from layer 
rats tend to be above the regression line and those obtained from small rats belo\ 
the S regression Lie throughout the scale of food intake, the regression hue 
representing the food intake-metabolic nitrogen relationship foi the 
Iveraee weight Over two-thirds of the data from rats above average weight aie 
located above the regression line, while the reverse is true with rats smaller than 

^There are 43 determinations of faecal nitrogen at a daily food intake > oi ; 9 g. 
that merit special study. The points referring to the : larger r rate are Jove « 
others, showing again that the larger the rat the greater is the 
Of flip metabolic nitrogen. These 43 determinations with constant food intake 

show a correlation (rJL) of 0830 + 0-032 between 
nitrogen values. The tendency for larger rats to have 

"ndTta^flTlTcLidered that the larger the rat the larger the constant 

fraction^f tlm metabohe^oitrogen, and assuming the syne 

a number of lines parallel with the regression line m . ig. , ..fo^f fch i ine 
metabolic nitrogen as a function of food intake for one rat, the height ot 

0-924 ± 0 - 023 . 
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varying with the weight of the rat. Hence, the data of Boas Fix sen, resulting 
from experiments with large rats (which consumed less food relative to body 
weight than small growing animals) show comparatively less change in the total 
metabolic nitrogen when food intake is varied and thus do not reveal the effect 
of food consumption on the metabolic nitrogen to the same extent as Mitchell’s 
data with smaller rats, excreting correspondingly less of the constant fraction of 
the metabolic nitrogen and relatively more of the variable fraction related to the 
intake of food. 

Another reason why Boas Fixsen failed to detect a relationship between 
metabolic faecal nitrogen and food intake pertains to her experimental technique, 
which does not appear to be sufficiently exacting. Maintaining a constant level 
of food intake during an experimental period of 4 days does not ensure regular 
excretion. Unless the same intake is continued for several days before the 
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collection period, there is a marked tendency for the amount of faecal dry matter 
collected at extreme levels of food intake, large or small, to regress toward the 
mean, i.e. toward the amount of faeces from the usual intakes of food prevailing 
before the experimental collection period. Longer collection periods would 
also diminish errors of this type. The determination of faecal nitrogen reveals 
little of quantitative value unless the amount of faeces analysed is excreted as a 
result of exactly that food intake to which it is ascribed. One cannot be sure of 
obtaining a quantitatively accurate sample of faecal dry matter in four-day 
periods without feeding a faeces marker. Distinct demarcation of faeces can be 
obtained by using alternately ferric oxide and chromic oxide to colour the first 
feeding of successive periods. Also, nitrogen-free diets, such as have been used by 
Boas Fixsen [1930], having little indigestible substance, do not favour regular 
defaecation. Furthermore, the slope of the regression line of metabolic nitrogen 
on food intake for such highly digestible diets is less than that of the regression 
line for those having more indigestible dry matter. Thus, the metabolic nitrogen 
of Boas Fix sen’s rats increased on an average only 0*56 mg. per g. of dry food 
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consumed, while the average for all rats considered was an increase of 1-25 mg. 
of metabolic nitrogen per g. of food dry matter consumed. 

Considering these factors of technique, involving the use of large rats, in- 
accurate demarcation of faeces, no preliminary periods 1 , short collection periods 
and highly digestible diets, it is not surprising that the total metabolic nitrogen 
as measured should appear “roughly constant” for any one rat. Nevertheless, 
an examination of Fig. 1 reveals that the data of Boas Fixsen (indicator ^ ly 
circles) harmonise fairly well with the other 1 103 observations. In fact, all of v' 
data show a correlation coefficient between food intake and metabolic nitrogen 
of 0-481 + 0-069, indicating a significant relationship for the pooled data which is 
scarcely suggested by the data from the individual rats which were fed at eight 

or fewer levels of food intake. , 

As a part of the metabolic nitrogen is constant and not proportional to too l 
intake it might be reasoned that to estimate the metabolic nitrogen m a P elll) 
of protein feeding a regression equation (instead of the ratio introduced iy 
Mitchell [1924]) should be derived from two levels of feeding of low-nitrogen fo • 
The curves in Fig. 2 2 show the ratio “mg. of metabolic nitrogen per 'A 

matter consumed” as a function of food intake. The ratio can , ^fthe1owest 
fairly constant and within the limits of experimental error foi all but the low- 
food intakes The solid curve (derived from the data in Fig. 1) is for - - & / 

rat of the population. With larger rats the curve is to the righted above its 
slope extending to greater food intakes. This indicates, of couise, that with 
Ser rats greater food intakes are required before the ratio become, ■ P^Uy 
constant. The data from smaller rats produce a curve which u .to the : left and 
below reaching a level at lower food intakes. Each curve approaches an asj mp 
tote for food intakes infinitely large, that is not influenced by the size of 
All curves approach infinity as the food intake approaches zero. 

certain minimum quantity of low-nitrogen l food is i g A in pro tein- 

affords an appropriate means of computing the metabolic mtrogen i 

feeding periods. 

Conclusions. 

The metabolic nitrogen in the faeces of rats consists 0116 

related to the body weight and the other o mm ^ a assumes a 

The ratio of metabolic faecal mtrogen to the mtatoert value, 



33=^1 in protein evaluation 

1 [Note by Editor, The author is «*£ 

2 Considering that the regression line m T g. * , A fnnrl intake, tfc 


which.. 

is. I is aesenueu uy uno * _ . , ,« 

y i, .1= „«.„b„Uc .tag-.'. «>• ‘ «* **» ‘ , 

intake in the latter case, the other symbols having the same significance. 
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udJ1 wgicauy be used in estimating the 

the protein-feeding periods, if its limitations ambor^mM ‘Zf 6 186068 in 
better method of estimation appears to be lurth ^more, no 
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XLIX. THE INFLUENCE OF ARSENATE AND 
ARSENITE ON THE ENZYMIC BREAKDOWN 
OF PHOSPHORIC ACID ESTERS. 

By LIONEL BRADLEY PETT and ARTHUR MARSHALL WYNNE. 
From the Department of Biochemistry, University of Toronto, Canada. 

( Received November 9th, 1933.) 


The experiments of Harden and Young [1906; 1911] showing that arsenate and 
arsenite ions accelerate the rate of liberation of inorganic phosphate from hexose- 
diphosphate by the enzymes of yeast juice have led to much speculation as to 
the mechanism involved. Recent investigations of the effects of arsenate on the 
activity of the phosphatases and the glycolytic enzyme systems present in 
different kinds of biological material have yielded results which have been 
variously interpreted. All but the most recent of this work has been summarised 
by Harden [1932], 

The view, originally expressed by Harden and Young, that the stimulating 
effect is exerted on the hexosephosphatase of yeast juice is open to criticism as 
the result of investigations in several laboratories. The experiments of Meyerhof 
[1927] with yeast and muscle, of Macfarlane [1930] and of Harden [1933] with 
yeast, and of Braunstein [1931] with rabbit erythrocytes support the conception 
that the effect is exercised not on the phosphatase but on the glycolytic system. 
This hypothesis is not considered by Morgulis and Pinto [1932] to be generally 
applicable in view of their results with rabbit and dog blood. Recently Lraun- 
stein and Lewitow [1932] have observed progressive diminution of the inorganic 
arsenate in mixtures of yeast, sugar, arsenate, toluene and water and. they 
suggest that the accelerating effect of arsenate on fermentation and glycolysis 
depends on the formation of a labile hexosearsenate. 

The present paper represents a study of the effects of arsenate and arsenite 
ions on the enzymic breakdown of phosphoric acid esters The work was under- 
taken with the purpose of determining whether stimulation of _ 

activity by these ions can be regarded as a general phenomenon or whether thur 
effects on the rate of breakdown of phosphoric acid esters concern rathei t he 
mechanisms by which the organic portions of the esters are ad ®J ^ 
accompanying glycolytic or similar enzymes. The materials chosen as the mi 
of enzyme^ included four bacterial species, Clostridium acetobutyhcmn We™m 
Propionibacterium jensenii van Niel, Bacillus lactis aerogenes and ^usmb- 
tilis, in addition to takadiastase, dried yeast pig 
Both sodium hexosediphosphate and sodium 
substrates since the restricted use of the former m the 
containing both phosphatase and glycolytic systems rnigh 
erroneous b eonclusions F Eurthermore, since the earty work of 
of Harden and Young [1911] showed that ^mte aiso ac^lmate themte cff 

fermentation by yeast juice, examination of e , Pett T 19331 for the 

included in the present study. The method described by Pett [1933] ior 


366 L- B. PETT AND A. M. WYNNE 

determination of inorganic phosphate in the presence of arsenate permits neater 
accuracy m the investigation of the effects of this ion in a wide range of concen 
trations than was hitherto possible concen- 


Experimental. 

Enzyme preparations . 

. B acteria - Cl- acetobutylicum and P. jensenii, in the dried form were nrera^rl 
m the manner previously described [Pett and Wvnne lcm n 73 L pre Pared 

ter 4 days ii a sterilised meTm , 3 S' Z'°oT°7 
peptone in diluted yeast extract. Tile organisms were centrifuged, washed once° 
dried and ground. B. subtihs, grown for 6 days in a similar medium wisW i 
in the same manner. The bacteria were used in the p„”oST“fM 
organisms per 10 ml. enzyme digest. oiled 

Yeast. S. cerevisiae, isolated from baker’s yeast was ornwn in o a- 
oontannng 5 % glucose, 1 % peptone and suitable inorganic salts di‘ssolv5X 
dduted yeast extract. After 5 days the organisms wore oenWfngS wished 
ned and ground as usual; 0-0o g. dried cells was used in 10 ml' of digestion 

S 100 iTnf T 6 * f dried yeast was P re P are d by shaking 5 g. of the SoTder 
■ nth 100 ml. of chloroform-saturated water for 24 hours The w!e +1 

oentrifng^ and filtered; 1 ml. of the clear filtrate w™ ,^ ” To m“ chvSt 
TaJcaphasphala.se . 20 g. of commercial takadiastase were suspended in 50 ml 
of water, chloroform was added and the mixture was shaken for 15 hours A 
smaU insoluble residue was removed; the solution contained a larae amount of 

Sd fflute NH OR tT ehm T at6d by addin S the equivalent amount of M^Ci! 
pmcipitetT^^ 

fiK w xis? toj> - y 

^ adjUS 1 ted t0 neutral % ^d stored in a refrigerator 
0 5 ml. of this solution was used in 10 ml. of digestion mixture S ’ 

Roche ST Two ml TTtf'l bI °° d ^ treated “ the manner described by 

buffer 0 5 ml o7LT hae “ olysed sol »tion were added to 0-5 ml. of 

utter, 0 5 ml. of solution of arsenate or arsenite and 2 ml of 2-5 °/ sodium 

glycerophosphate or of 1-25 % sodium hexosediphosphate /o 

Substrates . 

Kod^PnmT glyc ® rophos P liate employed was obtained from The Eastman 
Kodak Company and consisted very largely of the ft P «t OT . cun- , 

phosphate was prepared from the commercial cidum raff llexo& , edl - 

contained a call amount of monophosphate an^'VX^S^" 

General conditions. 

The optima of the phosphatases investigated are shown in T«ku t mu 

first two speeies^of bemteiYlisted^the^tabie^hOTe^ecmtepo^dljy^he present 
tiiis’nwnnen ” 10 ’ 6 ^ t° Mr G. A. Me Vicar for a supply of Iddcey-phosphataae prepared in 
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authors [1933, 1] . All the other recorded optima were determined as a part of the 
present investigation. 

Table I. Showing the p H optima of various phosphatases. 


Substrate 


Enzyme source 

Hexosephosphate 

Glycerophosphate 

Ol. acetobutylicum 

6*0 

5*1 

P. jensenii 

6-0 

7*0 

B. lactis aerogenes 

5-8 

5*5 

B. sabtilis 

0*8 

10*8 

S acc . cerevisiae 

6-3 

4*0 

Takadiasfcase 

4-2 

4*0 

Mammalian kidney 

8*9 

8*9 

Ox blood cells 

6*5 

6*1 


Potassium hydrogen phthalate buffers were used in the acid range and 
glycine buffers in the alkaline range; at p H 7*0 no buffer was used. All solutions 
were adjusted to the desired p R before mixing and the p R of each mixture was 
determined after hydrolysis. No change greater than 0*3 p R was observed. 

Solutions of Na 3 As0 4 and of Na 0 HAs0 3 having the following concentrations 
were prepared: I¥, 11/4, Iff/ 10, iff/ 25, Iff/5 0, i¥/75, Iff /100 and Iff/ 200. Of these 
solutions 1 ml. portions were added to 9 ml. of digestion mixture. 

The total volume in each case was 10 ml., made up of 4 ml. of substrate 
(2*5 % glycerophosphate or 1*2 % hexosediphosphate), 4 ml. of buffer, 1 ml. of 
enzyme if liquid or 1 ml. of water together with the previously indicated weight 
of dried organisms, and 1 ml. of arsenate or arsenite solution. When other 
solutions, such as NaF, were added simultaneously simple adjustments of the 
volume of buffer were made, the concentration being kept constant. The mixtures 
were rocked in L-shaped tubes in a water-bath at 37*5°. At zero time and after 
1 hour 2 ml. samples were added to 10 ml. portions of 5 % trichloroacetic acid 
solution. The precipitates were centrifuged and 10 ml. portions of the clear 
liquids were placed in 25 ml. volumetric flasks. If arsenate were present reduction 
was then effected in the manner described by Pett [1933]. Inorganic phosphate 
was determined by Fiske and Subbarow’s method, using 3 N acid; in several 
experiments duplicate results were obtained with Briggs's modification of the 
Bell and Doisy method. 

Control tubes containing (a) enzyme, added ions and buffer, (b) substrate, 
added ions and buffer were incubated with the experimental tubes. The amount 
of inorganic P in the latter at zero time was subtracted from, the 1-hour values, 
and from the figures so obtained was subtracted the sum of the increases in in- 
organic P in the two control tubes. Other tubes containing enzyme, buffer and 
substrate but no arsenic were included in all experiments. To the net amount of 
inorganic P (after allowing for the P released in suitable controls) liberated in 
such a digest containing a given enzyme preparation was assigned a value of 100. 
All the other results obtained with the same enzyme were compared with this 
standard value. The results are expressed in Table II. 

Effect of fluoride. 

In every instance of acceleration by arsenate or arsenite the acceleration 
could be lessened or removed by NaF in suitable concentration. This observation 
is complicated by the fact that fluoride retards the phosphatase activity of 
certain cells, such as yeast [Lipmann, 1928] and muscle [Lipmann, 1929]. How- 
ever, fluoride up to Iff/100 concentration does not affect the hexosephosphatase 
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activity of P. jensenii [Pett and Wynne, 1933, 1]. This system is therefore well 
adapted for the investigation of the relation of fluoride to arsenate acceleration. 
Table III shows the results of an experiment of this kind. 

Table III. Diminution of the accelerating effect of arsenate by fluoride,. 


Arsenate 

Fluoride 

mg. P 

released in 10 ml. 

none 

none 

0*542 

Mj 100 

none 

1-381 

none 

11/40 

0*530 

Mj 100 

Mj 1000 

1*368 

Mj 100 

if/400 

1-287 

M / 100 

M/200 

1*207 

M / 100 

M / 100 

1*123 

M / 100 

Jf/40 

0*873 


The series can be carried no farther than Mj 40 NaE because higher concen- 
trations affect the phosphate determination. The process used in reducing the 
arsenate has no effect on the recovery of phosphate in the presence of fluoride. 
It is evident that fluoride definitely reduces the arsenate acceleration. 

A different type of experiment is of interest in this connection. The phos- 
phorus reagents were added to a flask containing 2 ml. M /500 arsenate and to 
another containing 2 ml. ilf/500 arsenate and 2 ml. ilf/100 fluoride. After stand- 
ing for 1 hour at 50° the flask containing fluoride developed only about 75 % of 
the intensity of colour in the other flask. Na 3 As0 4 does not yield a precipitate 
with NaF, even in a solution saturated with respect to both, so that the method 
by which arsenate is removed from action is not one of precipitation. 

It was considered possible that the Na ions in the NaF solution appreciably 
depressed the dissociation of the Na 3 AsG 4 , but experiments with NaCl and 
Na 2 S0 4 indicated that up to M / 40 concentration these salts could not depress the 
arsenate acceleration to an extent equivalent to more than one -quarter of the 
fluoride effect. 

While these facts do not fully explain the fluoride action they suggest that the 
fluoride ion forms a “complex ion” with the arsenate ion. Arsenate is thus con- 
verted into an ineffective form. 


Discussion. 

The results recorded in Table II lead to several observations, (a) The 
liberation of inorganic phosphate by the various enzyme preparations was not 
uniformly affected by arsenate and arsenite ions. The release of phosphate was 
accelerated in some instances, unaffected in others and definitely retarded in the 
remainder. If it be assumed that the phosphatases of the various preparations 
are identical in their mode of action on both substrates, an assumption which is 
not yet free from difficulties, the enzymes might be expected to respoifd similarly 
to the influence of arsenate and arsenite. Since they do not, it can be concluded 
that the influence of these ions is exercised not on the phosphatase but on some 
other mechanism which by its operation liberates inorganic phosphate, (b) In 
cases in which arsenate accelerated the reaction, arsenite had a similar though 
usually less marked effect ; the optimum concentrations of the two ions were not 
always identical, (c) No stimulation occurred with an aqueous extract of dried 
yeast though the activity of the dried yeast preparation itself was stimulated by 
both arsenite and arsenate. ( d ) Acceleration with glycerophosphate as substrate 
was observed only with the P. jensenii preparation. 

Biochem. 1934 xxvm 
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It is probable that all the enzyme preparations possessed in addition to 
phosphatase a glycolytic mechanism capable of breaking down, at least partially 
P° rt “ n of hexosediphosphate. However, in only four of the nine cases 
m which the influence of arsenate on the degradation of this ester was studied was 
tUere any evidence of acceleration. It is apparent therefore that, in addition to 
■having no consistent effect on the hydrolytic activity of the various phosphatases 
the arsenate ion has no universally demonstrable accelerating influence on the 
activity of the glycolytic enzyme systems. This assumes that, under the con- 
ditions o i the experiments, accelerated breakdown of the organic component of 
tiie ester would lead incidentally to accelerated accumulation of free phosphate 
I he increase m inorganic phosphate as the result of the action of yeast 
kidney, takadiastase, erythrocyte and Cl. acetobutylicum preparations on glycero- 
phosphate can be regarded as proof of the presence of a true phosphatase be- 
cause it is probable that none of these preparations is able to attack the glycerol 
portion of the ester. But no stimulation by arsenate or arsenite occurred with 
any of these glycerophosphatases. On the other hand all the other bacteria used 
can metabolise glycerol ; it has been shown, furthermore, that P. jensmii TPett 
and Wynne, 1933, 2] and B. lactis aerogenes (unpublished work of the authors) 
can after drying partially break down the glycerol residue of the ester. However 
m the case of only one organism, P. jensenii, did arsenate or arsenite exert any 
accelerating influence on the rate of glycerophosphate breakdown. 

A satisfactory interpretation of these results is not yet possible. Although it 
can be concluded that arsenates and arsenites do not accelerate the activity of 
phosphatases m general, the lack of uniformity of the effects of these ions on the 

sonlwh.f Van °^ 1 prepai ; ati0ns , as measured by phosphate liberation, is 
c °nf us mg- The evidence supports the hypothesis that any observed 
the dew ^ v ect is due to a stimulation of the enzyme system responsible for 
the degradation of the organic part of the ester. Furthermore the specificity 

lYreaTrT SUggests tbat tbe mf luence is exercised at some particular stage of this 
breakdown, common to some but not all of the preparations used. Further 
peculation must be supported by more complete experimental evidence. 

extract of drfT e + n 18 of , interest t0 0bserve that ’ though the aqueous 
bv «™t yeast possessed an active phosphatase which was not stimulated 

10 L When w'd 6 ’ h/ yeaSt itee lf msponded to the influence of both 
fermeSl toh ll * 1 4 s °l utl °n of sodium hexosediphosphate in micro- 
exddent tW n! ^ 1? 6Xtract faUed to cause the liberation of gas. It is 
nossihlv this 1 e complete zymase system was not present in the extract: 

The experiments using cytolysed ox erythrocytes are of interest in view of 

latter Tas uS 8 f “ orguIis and Pint ° [1932] and of Braunstein [1931], The 
activity of rahhift ° em ° nstr ^ e ^senate stimulation of the phosphatase 
ments fn whSttrT 011 hexosediphosphate, but in experi- 

nanvine- pnz-em j, 6 ^ “ 1 ° Ceds eons tituted the substrates for the accom- 

acSL offr l be i°? ained l . reSUltS Whieh were interpreted as indicating 
and Pinto mech f msm b y arsenate. On the other hand Morgulis 

mnendnh eriom c d( \ 110t SU ° h stimu l ati °n of glycolytic systems as a 

erated £ raf^nf 01 ! be ° ause concentrations of arsenate which definitely accel- 
caused retardation^ f C< i yS1 f ^ mbsdures containing rabbit blood preparations 
Sc2i fgrC0F ! USmg dog blood; in aU ease s the liberation of 
crcafecTraS nf nl w a ,°f lerated '. Th ey therefore concluded that the in- 
p osphate liberation in blood-glycolysing systems under the 
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influence of arsenate is due to a stimulation of the blood-phosphatases. In the 
case of ox erythrocytes, in the present work, arsenate acceleration of the rate of 
liberation of inorganic phosphate was observed with hexosediphospliate as 
substrate but not with glycerophosphate. If the stimulation were exercised on 
the phosphatase mechanism one would have expected acceleration of the 
hydrolysis of both substrates to occur. The evidence strongly suggests that in the 
case of ox erythrocytes the arsenate effect is exercised on the glycolytic system 
rather than on the phosphatase. 


Summary. 

The rate of liberation of inorganic phosphate from glycerophosphate and 
hexosediphospliate through the action of several enzyme preparations was 
studied in relation to the influence of varying concentrations of arsenate and 
arsenite ions. Preparations of the following were employed: Cl. aceiobutylicum , 
P. jensenii , B. subtilis, B. lactis aerogenes , yeast, takadiastase, pig kidney and ox 
erythrocytes. 

No evidence was obtained to show that the activity of phosphatase systems 
in general is accelerated by arsenate or arsenite. The observations support the 
hypothesis that the accelerated enzymic liberation of phosphate under the in- 
fluence of these ions is due to an effect exercised at some stage of the breakdown 
of the organic portion of the phosphoric acid ester. 

The diminution of the stimulating effect of arsenate by fluoride was in- 
vestigated and the suggestion is advanced that this may be due to the formation 
of a complex ion, thus rendering a portion of the arsenate ineffective. 
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Protein solutions of acid or alkaline reaction show a marked increase of 
soiptive power m the ultra-violet spectrum after prolonged irradiation with th 
of th ° f i a qU f- rtZ merCU . ry Iamp [ s P ie gel-Adolf and Krumpel, 1927] The shape 
• f r, Curv f iS not a ! tered if the irradiation be carried out in orcfiv 

, the irradiated product m this case behaving like the original protein -it Wh ^ 
concentration [Hausmann and Spiegel- AdolL 1927 ? sK^^ 
protein irradiated under the same conditions but without addition of ekctroJtes 

SfSfflSSrSrt r Pl6t ^ ^ b6en sho ^^ t Prevfous 

-brass’— 

“ C f Urem ' r,tS of the «*Mtion hove been 

* h “‘ and 

irradiation time was liSTed ™®T iactlcaU y dl * a PP eared fr om the solution, the 

making cooWureces^? T?e?ot eS i ? 2 Il0UrS ’ the distance of 40 «*■ 

“ziurr d /T 

solutions „ete within the tenge of those used i»L pL^slL^iSS 
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As in former experiments the heating of the solutions in a water-bath under 
reflux was limited to 15 minutes. The results are summarised in Table I A and B. 
The figures are interferometric units, a 20 mm. cell being used. 

Table I. 

A. Serum -albumin. 

(Final concentration in all samples 0*2 %.) 


0*001 N KOBE 

Obs. 

Calc. 

Native 

325 

330 

Boiled 

333 

Irradiated 

331 

Boiled and 
irradiated 

326 

Irradiated 
and boiled 

331 

0*005 IV” KOH 

Obs. 

Calc. 

375 

381 

379 

379 

380 

410 

0*001 N HC1 

Obs. 

Calc. 

320 

326 

322 

320 

329 

350 

0*005 N HOI 

Obs. 

Calc. 

356 

362 

356 

356 

382 

393 

B. PseudoglobuKn. 

(Final concentration in all 

0-001 if KOH Obs. 196 198 

Calc. 201 

samples 0*1. %. 
199 

.) 

203 

199 

0*005 N KOH 

Obs. 

Calc. 

245 

252 

249 

245 

248 

249 

0*001 A T HOI 

Obs. 

Calc. 

194 

198 

196 

199 

196 

203 

0*005 N HC1 

Obs. 

226 

231 

228 

231 

231 


Calc. 235 

Additions of acid or alkali to serum-albumin and pseudoglobulin give lower 
values than those calculated. These findings agree with those of Thomas and 
Mayer [1928], whose interpretation seems applicable to all kinds of proteins. 
The changes in refraction after irradiating or boiling are negligible ; they do not 
exceed 3 % of the interferometric value of the native protein but seem to be 
outside the limit of error of the method. The influence of heating is most marked 
in alkaline solutions, i.e. under conditions favouring maximum hydrolysis, while 
irradiation shows its effects most clearly in an acid medium. Nevertheless in 
most cases there are no differences between the effects of heat and irradiation and 
when such differences do occur they are so small as to give no support to the 
suggestions of Becker and Szendro [1931]. When heating precedes the irradiation 
the changes if any are much smaller [cf. Spiegel- Adolf, 1929]. 

In a further series of experiments the behaviour of proteins submitted to heat 
or irradiation at various concentrations without additions of electrolytes was 
studied. The irradiation and the heating were done in the manner already 
described, the fluids after filtration through Schleicher and Schiill filter-paper 
No. 590 were tested for their refraction, protein- content and gold sol reaction. 

The results are summarised in Table II A and B. 

These results show that both kinds of denaturation are sufficient to precipi- 
tate the total protein ; only in the most concentrated samples can traces of the 
latter be detected after irradiation for 2 hours at 40 cm. distance ; these disappear 
on further exposure. Though especially in the highest degree of dilution denatura- 
tion seemed to cause but a faint opacity of the solutions it was always possible 
to get a clear filtrate by using the above-mentioned filter. 

Interferometric measurements of the filtrates indicate that not all refractive 
material has been precipitated with the protein. This may mean that the inter- 
ferometric method is more sensitive in detecting protein than flocculation by 
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A. Serum-albumin. 

Concentration f 

0/ 

/o 

0*16 


Table II. 


Heat 


Irradiation 


0*08 

0*04 

0*02 

0*016 

0*004 

0*0032 


a 

P 

a 

P 

a 

P 

a 

P 

a 

P 

a 

P 

a 

P 


Coagulation 

Coagulation 

Coagulation 

Coagulation 


Opalescence 
but filtrable 


IU 

307 

19 

144 

13 

73 

7 


27 

4 


SSSR 

+ 


GSR 


6 
5 ' 


Coagulation 

Coagulation 

Coagulation 

Coagulation 

Clear 


IU 

307 

37 

144 

22 

73 

21 


27 

13 


SSSR 

+ 

trace 


B. Pseudoglobulin. 
0*2 


0*1 

0*05 

0*02 

0*004 


GSR 

+ 

+ + + 


+ + + 
+ 

+ + + 


+ + 4* 


■ + .)_ 


a 

P 

Coagulation 

374 

20 

3 

+ 

Precipitation 

374 

44 

+ + 
trace 

+ 

+ 





Ry 




a 


193 

+ 

+ 


193 

-f- 

+ 

P 

Coagulation 

8 

- 

+ 

Precipitation 

28 

43 


+ 

4 

a 

P 

Coagulation 

91 

5 

+ 

+ 

+ 

Precipitation 

91 

42 

4- 

trace 

+ 

+ 

a 

P 

Coagulation 

GO tH 
Tfl 

+ 

_j_ 

Precipitation 

48 

19 

+ 

4* 

a 

P 

Coagulation 

10 

0 

+ 

4* 

Distinct 

10 

8 

+ 

+ 

+ 

a 

P 





opalescence 



Coagulation 

5 

2 

+ 


Doubtful 

opalescence 

6 

7 

trace 




0*002 


IU — Interferometric units in 20 mm. cell. 
a — before ; p = after. 

SSSR = Reaction with sulphosalicylic acid. 

GSR = Reaction with colloidal gold. 

Ry = Red with trace of violet. 

sulphosalicylic acid or that precipitation of the protein is accompanied by some 
c eavage, or finally that the solutions contain something else beside protein. It 
oes not seem possible to exclude any of these possibilities altogether. But the 
laet that only m the case of heated proteins does the refraction of the filtrates 
r«rlLT;!Tr P ractlc f y fi to zero With increasing dilution, while in the case of ir- 
t 1 iw 68 “y th l refraction value of the original solution, seems 

cleivfl? t T^ at Uradl f tl0n ° f P rotems causes not only denaturation but also 
c <= • ^his supposition agrees with the changes in odour and colour. 

afforrwfw r de m e °/ th ®. clea ^ge of protems submitted to irradiation is 
f y* he sol reaction. This is more sensitive for pseudoglobulin than 

test fV,ri' a b r m m d ° eS n0t reach the sensitiveness of the sulphosalicylic acid 

Sd gold however, can be used besides for the classification of proteoses, 

nateoW PI theex P lana tion of the clinical gold sol tests, is able to reveal 
pathological changes m proteins where other methods fail. 
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Table II A and B shows that in the cases of heated proteins with the exception 
of serum-albumin in a, range between 0-02 and 0-01 % the filtrates do not show 
any gold sol reactions. This confirms the results of Oglu and Pauli [1 932] , who made 
similar observations, and the fact that the filtrates were practically free from 
protein. But the filtrates of irradiated proteins even when they show no trace 
of proteins with sulphosalicylic acid give a strong gold sol reaction. The type of 
the gold sol reaction is somewhat different from the two types of gold sol 
flocculation by proteins described by Ogiu and Pauli [1932], the' change in the 
present case being directly from pink to blue and white. 

The finding of a substance giving a positive gold sol reaction seems to 
confirm the results of Becker and Szendro [1931] as to the partial splitting of the 
protein by irradiation. But the formation of this particular proteose depends 
upon the intensity and perhaps upon the wave-length, of the radiation— the 
protein solutions themselves acting as selective filters, whose absorption is 
maximum between 292*7 and 261 m/x. If for instance a 0*2 % serum-albumin 
solution is not filtered after the first hour of irradiation when it is nearly opaque 
but is irradiated for another hour, then the sulphosalicylic acid test becomes 
negative, but the gold sol reaction becomes negative too. If a solution of 0*5 % 
pseudoglobulin is irradiated in the usual way, after 4 hours it reaches a stage at 
which the sulphosalicylic acid test is still positive, hut the gold sol reaction due to 
the protein content of the solution has already disappeared. Two more hours of 
irradiation cause total disappearance of the protein reaction, while the gold 
sol reaction becomes strongly positive. Nevertheless the solid content of the 
filtrate is only 1/10 of the initial protein content, and the end absorption 
starting at 230 cannot account for the increased absorption of irradiated 
protein solutions containing acid or alkali within a range of 400-267*5 m/x. 

Finally experiments were performed under conditions similar to those used 
by Spiegel-Adolf and Krumpel [1927]. 0*5 % solutions of serum-albumin and 
pseudoglobulin containing 0*005A r HC1 or KQH were irradiated during 5|— 6 
hours at a distance of 30-40 cm. from the light source. The solutions were pro- 
tected against evaporation by cork stoppers fitting tightly into the quartz test- 
tubes. (Controls of pure protein solutions were used in order to ascertain the 
effect of irradiation upon them.) After the exposure the solutions were exactly 
neutralised. They still contained traces of heat-coagulable proteins proving the 
existence of small amounts of undenatured protein. After renewed filtration the 
solutions showed a slight reaction with sulphosalicylic. acid but no gold sol 
reaction. This was taken to show that the effect of irradiation depends greatly on 
the original protein content of the solution and on the amount of acid or alkali, 
as these determine the initial protein concentration through the entire experi- 
ment. The different kinds of cleavage caused in protein solutions of varying 
concentration or electrolyte content by irradiation may explain the discrepancy 
of the spectrographic findings of different authors which have been the starting - 


Table III. 



Filtration 

Period of 
irradiation 
krs. 

Electrolytes 

Gold sol 
reaction 

0*2 % serum -albumin 

Filtration 
after 1st hour 

2 

None 

4. 

0*2 % serum-albumin 

No filtration 

2 

None 

- 

0*5 % pseudoglobulin 

Filtration 

4 

None 

- 

0*5 % pseudoglobulin 

Filtration 

6 

None 

J r 

6*o % serum-albumin or 
pseudoglobulin 

Filtration 

5J-6 

0-00oJV T HC1 
or ROH 

- (after 

neutralisation) 
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Tabfe III.^ 8 PaPSr ' (The above - mentioned experiments are summarised in 

Becker and Szendro [1931] have made elaborate investigations of 
nitrogen content and certain chemical properties of the diluted protein solutions 
after irradiation It seemed desirable to extend the investigation in a more 
physico-chemical direction, particularly concerning the relations to other nro- 
teoses of the substance giving a positive gold sol reaction. ^ 

In order to get solutions of this substance of higher concentrations 0-1 0 / 
solutions of serum-albumin and pseudoglobulin were irradiated in flat dishes at 
locm. distance directly under the tube of the quartz mercurv arc l amnv tf 
sur^ of the dish was about 50 cm.*, the fluid layer h“f cm 

(toS than talf ° f the total P rotein content, Te 

traJdlnl f/ f °' 1 ° 5g - was P reei Pitated; the fluid was then concern 

tiated to 1/10 vol. on the boiling water- bath. 

The solution was clear with a marked yellow tinge the solid * 

inns tiie Cg b 22 x 10 . The latter was measured with a hydrogen electron 
the whole outfit having been carefully checked before and after the determination 
The absorptive power m ultra-violet radiation was different from that of protein ' 
being, for the same solid content, rather higher than those of serum-albumin 
or pseudoglo bukn . Usmg 5 mm. quartz cells a 0-4 % solution of serum albumin 

from r ti ed ^ !r J‘° m w f ve - len gtli 245 m/x, while the absorption of the filtrate 
the madiated sample started approximately at 320 mp (Table IV). 

Table IT . Extreme non-ahsorbed wave-lengths. 


Filtrate of 

r < , ^ irradiated 

Concentration Serum-albumin serum-albumin 

/o nifi 

245 390 

°* 2 235 275 

0*1 231 9 dn 


Proteose of 
Witte peptone 

mju 


Spi “ ntr “y to the findings of 

in tlfe presence”] SSffi ffl ST !g? “““'‘tod 

to 0-0005 mo- in 1 ml th<f d T eon c entrat,ions equivalent approximately 

the flocculation. ' rad tlon > mdlcatin g a difference in the nature of 
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Table \ . Gold sol reactions. The figures indicate concentrations °L. 

0-02 0-01 0-005 0-002 

Serum-albumin R m R v R R 

Pseudoglobulin colourless colourless colourless V 

Filtrate” from irradiated colourless colourless colourless V 

serum-albumin 

R = cherry reel; V = violet; suffixes v = indicate shades of red with tinge of violet. 

After dialysis and eleetrodialysis there is a nearly complete loss of the 
conductance, absorption and refractive power of the fluid which no longer gives 
the biuret reaction and shows only traces of its original gold sol-flocculating 
power. 

Taking into consideration the properties of the filtrate here described it does 
not seem possible to identify the fraction or fractions with any known cleavage- 
product of proteins according to the classification of Pick [1925]. Nor does the 
gold sol reaction give any help. According to Zsigmondy [1920] both secondary 
proteoses and peptones are able to flocculate colloidal gold with blue colour 
without additional salt. Zunz [1906] has determinated in 13 different fractions of 
secondary proteoses and peptones the amount necessary to change the colour of 
red gold to violet. His most potent fraction (Albumose BI) has only 1/10 of the 
flocculating power of the filtrate obtained by irradiation. Zunz [1907] also stated 
that secondary proteoses are unable to flocculate mastic sol; the filtrate obtained 
by irradiation of proteins did precipitate mastic sol though in somewhat higher 
concentrations (Table VI). 


Table VI. Mastic sol reactions . The figures indicate concentrations °j 0 . 



0*086 0*043 

0*021 

0*01 0*005 0 

•002 

0*001 

0*0005 

0*0002 

Serum -albumin 

X X 

X 

x -f 

0 

0 

0 

0 

Pseudoglobulin 

X X 

X 

X X 

X 

4- 

0 

0 

Filtrate from irradiated 
pseudoglobulin 

x x -f 

+ 

0 0 

0 

0 

0 

0 


( x = flocculation, 

4- = cloudiness.) 






It is only possible to state that the filtrate from irradiated protein is practically 
free from proteins and contains some secondary proteoses and probably peptones. 
But considering the very low acidity of the filtrate it seems scarcely likely that the 
flocculation of colloidal gold is caused by peptones. 

In order to ascertain whether the special kinds of proteoses found in the 
filtrates of irradiated proteins are missing entirely from those of heat- coagulated 
proteins a 0*2 % solution of pseudoglobulin was heated on the water-bath for 
15 minutes. After removing the precipitated protein the filtrate was concentrated 
to 1/50 vol. The solid content of such a solution amounted to 0T1-6T3 %. 
Reactions with sulphosalicylic acid and trichloroacetic acid were positive while 
the gold sol reaction remained entirely negative. 

This seems to indicate that in denaturation of proteins by heat and by light 
of short wave-length, differences can be detected not only in the precipitated 
fraction [Spiegel- Adolf, 1927] but also in the cleavage products. Changes in 
odour and colour had already suggested this. 

The fact that some proteoses show such a high degree of flocculating power 
towards colloidal gold seems to be of some interest in connection with the be- 
haviour of spinal fluids in certain pathological cases. Though the results of the 
reaction of Lange can nearly always be explained by the content of proteins in 
the fluid and by the ratio between albumin and globulin, nevertheless there are 


0*001 0*0005 0*00025 

E E R 

V R v E 

R'VVV Ryv Ey 
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cases such as the one referred to by Kyrle a al. [1920] in which there was a 
ma fif i i S ° I< So1 nocculation without an increase in proteins. Besides Epstein 
and Rubinstein [1926], using the adsorption method of Willstatter, were able 
to show that the fractions giving gold sol curves characteristic for General 
paralysis did not show protein reactions. Though no identity between this 
substance and the one obtained through irradiation can be reasonably expected 
experiments were started in which an equal amount of the latter was added to 
a spinal fluid and the gold sol reaction of this mixture compared with that of 
the spmal fluid alone. 

The spinal fluids were sterile, Wassermann-negative and did not show anv 
increase m proteins. As in all previous tests two kinds of gold sol were used 
simultaneously, one made according to the method of Bredig with consecutive 
purification by dialysis, the other by reduction with formaldehyde The nre 
cipitation was made according to Lange. The results of such an experiment are 
given m Table VII. 

Table VII. Spinal fluid “ KM . ” containing equal amounts of 40 times concentrated 
filtrate from irradiated protein. 


Diluted 

Bed 

Bed- violet 

Violet 

Blue 

Bluish white 
White 


10 


20 


40 


SO 


160 

+ 


320 

+ 


ooloIfofXtfgoId'r Wk “ dil "“ " the did n0t ch “* e 

These experiments show that the addition of proteoses derived from horse- 
b [ lrra * atl ® elicits m normal spinal fluid a behaviour towards col- 
loidal gold practically identical with the reaction of the same fluid in cases of 

feTms to P elS S1 a S 'J t 6 V* of Nonne ' A PP elt was negative. Nevertheless there 
seems to exist a piotective power m normal body fluids against the gold sol- 

necew hfobtein effSt “ a much 8 reater amount of the latter was 

necessaiy to obtain effects similar to those reached with watery dilutions of the 

shot this effect.' S ° lutl ° ns ° f pure serum-albumin or pseudoglobulin did not 

occmrenofoTtr of ' the . P^teoses obtained by irradiation seems to suggest the 

exp W?on of t a .*yP lcal P rot f oses “ spinal fluids in pathological cales as an 
p anation of a positive gold sol test without increased protein content 


Summary. 

from O^ttfTrintot 66 Serum ; al ^ min and pseudoglobulhi in concentrations 
in&e^latter case^ onlvth entirely coagulable by heat or irradiation; 

irraiattontSutt^l^T ° f °'ff' 5 % contain ing acid or alkah do not show, after 
golcL ’ neutrahsatl0n and heat-coagulation, positive reactions with colloidal 
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4. Filtrates of protein coagulated by heating or irradiation were concen- 
trated 10-50 times and investigated physieo-chemieally. The results seem to 
indicate the presence of atypical proteoses in the latter case. 

5. Evidence is given, that the proteoses are distinguished by strong light 
absorption. Their power to flocculate colloidal gold exceeds the power of genuine 
proteins 10-40 times. They also precipitate mastic sol. 

When a concentrated solution of the proteoses obtained by irradiation of 
electrolyte-free proteins is added to normal spinal fluid the mixture gives a gold 
sol reaction similar to that obtained in cases of general paralysis. 

The author wishes to express her thanks to Dr Temple Fay for kindly pro- 
viding spinal fluids. 
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Ghosh et al. [1932] have shown that in solution of p H > 7, the electrolytic reduc- 
tion of cystine to cysteine at a mercury electrode sets up a reversible potential 
system at the electrode. The potential of the system was determined by the con- 
centration of the oxidant and the reductant and agreed with the thermodynamic 
formula 


where + *079. 


TP RT m, [Cysteine] 




More recently Green [1933] has shown that the evidence brought forward by 
Ghosh et al. could be substantiated if the potential were measured at the parti- 
cular mercury surface at which the cystine was reduced. But if the potential were 
measured at a new mercury surface, introduced into the system by an auxiliary 
electrode, a difference of about 60 mv. was at once observed and the potential at 
the auxiliary mercury electrode conformed to Dixon and Quastel’s [1923] 
equation 

PT P/P 

.( 2 ). 


E = g 0 _ y p K - ~ log [Cysteine] 


Quoting Barron et al. [1929] on the possibility of complex formation between 
cysteine and mercury in absence of oxygen when a galvanic cell is set up, Green 
confirmed the observation of Ghosh et al. that after electrorediiction of cystine, 
H a S did not give a precipitate, but he did not agree with their conclusion that 
no complex formation occurred in their experiments, and suggested that such 
a complex was indeed formed but was confined to the mercury surface. 

It is however well known that a mercury surface when exposed to air is 
covered with an adsorption layer. Reeser and Sissing [1922] found the thickness 
of the adsorbed layer to be between 22 and 34 A. McBain [1932] believes this 
layer to be a film of mercuric oxide, as it is not affected by evacuation for eight 
hours at room temperature using a Gaede pump. 

The present authors in their previous work were guided by the suspicion that 
a film of adsorbed oxygen or oxide on the surface of the mercury electrode was 
responsible for the results of Dixon and of Barron et al. This film could not be 
removed by bubbling an inert gas like nitrogen, but could only be destroyed by 
a cathodic reduction process at the surface. The experimental method of Green 
with slight modifications is w T ell suited to test directly the accuracy of this 
hypothesis. 

Chemically pure N 2 gas prepared from NH 4 C1 and NaN0 2 was dispersed into 
minute bubbles by means of a Jena gas filter and passed up a tower containing 
about 500 cm. length of a solution of alkaline pyrogallol prepared according to 
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the method of Haldane and Makgill [1933]. The complete absorption of all traces 
of oxygen was confirmed by passing the gas over a piece of white phosphorus 
which did not glow, showing that the oxygen pressure was less than 0*0007 mm. 

The cell consisted of two chambers A and B connected by a stopcock T with 
8 mm. bore. The inner portion of each chamber consisted of two tubes one within 
the other. The outer tube served as the nitrogen inlet and the inner tube as the 
siphon for contact with the calomel electrode. The outer limb of the siphon was 
filled with agar saturated with KOI. A platinum wire fused into the bottom of 
the vessel made electrical contact with the mercury electrode. 

The chamber A was first filled with a buffer solution having the same as 
the cystine solution. The bore of the stopcock T was also filled with buffer 
solution. The stopcock was then closed and the chamber B filled up with the 
buffered cystine solution. The apparatus was then set up as depicted in Fig. 1 



and the chambers de-aerated by a vigorous current of nitrogen. A current of 
5 milliamperes was passed for 5-10 minutes between the mercury in the chamber 
B as cathode and a platinum anode in the KOI solution beyond the agar bridge. 
The mercury in the chamber A was similarly subjected to cathodic depolarisa- 
tion for 3—4 hours. It is essential for the success of the experiment that the 
potential drop at the cathode in chamber A shall be sufficient to discharge 
hydrogen gas but much less than is necessary to discharge the alkali metal ions 
which were used to prepare the buffer solutions. The results become erratic if 
alkali metal amalgams are formed at the surface. Hence cathodic depolarisation 
for sufficiently long periods with very low currents is necessary. The stopcock T 
was now opened; by variation of the height of the mercury columns at the 
nitrogen outlets from the vessel as well as by passing a vigorous current of 
nitrogen for 3—4 hours, the solutions in both the chambers were well mixed. The 
potentials at the mercury surfaces in each chamber were then measured against 
a decinormal calomel electrode. 

The results are given in Table I. 

The potentials of the mercury surfaces in chambers A and B become ultimately 
the same and are given by the equation (1). 
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Table I. 





E h 

in mv. 

E q calc. 


Cone. 

Cone. 


~ A % 

according 

P H 

cystine 

cysteine 

Chamber A 

Chamber B 

to (1) ^ 

7*00 

0*00171 M 

0*00099 If 

-232 

-230 

0*082 

7*50 

— 

— 

-243 

-242 


8*00 

— 

— 

-307 

-308 



8*50 

— 

— 

-384 

-383 

— 


The experimental results recorded above therefore confirm the hypothesis 
that an oxygen or oxide film on the mercury surface is responsible for setting up a 
potential in cystine- cysteine mixtures which follows the equation (2). Elimina- 
tion of this film and complete removal of oxygen from the solution give rise to 
potentials which follow the thermodynamic equation (1). 

It is well known that in presence of oxygen, complex formation of mercury 
with — SH compounds takes place rapidly. It is also probable that when a very 
limited supply of oxygen is available, as is the case in an adsorbed fi lm of oxygen 
or oxide, mercury forms complexes with — SH compounds in preference to 
— S — S — compounds. The system Hg — HgS — H 2 S gives potentials [Immerwahr, 
1901] which would obviously depend only on the concentration of H 2 S. The 
authors are of opinion that the Dixon potentials may be due to a similar system, 
where HgS has been replaced by a compound formed by interaction of the — SH 
compound with the oxide film at the mercury surface and H 2 S replaced by 
sulphydryl compounds. 
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LIL STUDIES ON THE KINETICS OF 
HAEMOLYTIC SYSTEMS. 

V. THE LYTIC EFFECT OF MIXTURES OF 
TWO LYSINS. 

By ERIC PONDER. 

From Washington Square College , New York University. 

(Received December 23rd , 1933.) 

The only existing paper on this subject is one by Sen and Mitra [1929], in which 
a study of the lytic effects of mixtures of saponin, sodium taurocholate, sodium 
gly co chelate and sodium oleate, in various proportions, led to the conclusion that 
the effects of two lysins acting together are probably additive in most cases, 
although in some instances the effect of the mixture may be greater than the sum 
of the individual effects. Sen and Mitra’s experiments, however, are hardly 
conclusive, for two reasons. (1) No account is taken of the changes which 
occur when two lysins such as saponin and sodium taurocholate are mixed 
together, which may result in either an acceleration or an inhibition of the 
action of one or both lysins. Sen and Mitra recognise this themselves. (2) The 
existing data are not presented in such a way as to be susceptible of exact 
analysis, and the conclusion that the effects of two lysins are additive in most 
cases really rests on nothing more substantial than an impression. 

This paper is concerned with a re-investigation of the problem, and, as will be 
seen, leads to conclusions somewhat more definite than those of Sen and Mitra. 

1. Methods . 

Except in the case of systems containing sodium oleate, all the lysins were 
dissolved in an isotonic phosphate buffer at p K 6-77, this buffer being selected 
because at this p H the time-dilution curves for sodium taurocholate and sodium 
glycocholate are of the usual regular form and devoid of the " zones” so cha- 
racteristic of these lysins in systems of certain p H . In the case of systems con- 
taining sodium oleate the buffer used was a phosphate buffer at _p H 8*5, for this 
lysin is not sufficiently active hi buffers of lower Pjj. The cell suspension was a 
standard 55 suspension consisting of the thrice washed cells of 'human blood 
finally suspended hi 20 ml of 0*9 % NaCl for every ml. of blood used. It Is well to 
let the lysins stand for some hours before they are used, for as Sen and Mitra 
remark, their lytic activity often decreases with time. 

To illustrate the procedure, consider the case in which the combined effects of 
saponin and sodium taurocholate are to be investigated quantitatively. First we 
plot a time-dilution curve at 25° for the saponin, the systems consisting of 0*8 ml 
of various dilutions of the lysin (1 in 10,000, I in 20,000, etc.), 0*8 ml. of buffer, 
and 0*4 ml. of the standard suspension. Let the quantity of lysin present in each 
system be Cj. and the time for complete lysis t 1 . Next we take a syste m consisting 
of 0*8 ml. of taurocholate, 1 in 2000 (say), 0*8 ml. of buffer and 0*4 ml. of suspen- 
sion and find the time taken by it to show complete lysis. Suppose that it is the 
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same time as that taken by a dilution of 1 in 60,000 saponin (33*3y in the system 
of total volume 2 ml.). Then I in 2000 taurocholate is equivalent to 1 in 60,000 
saponin, or lOOOy of taurocholate to 33*3y of saponin, equivalence being judged 
by the taking of equal times to produce complete lysis. Call this equivalent 
quantity of saponin c 3 . 

Now prepare systems containing both lysins. Each contains 0-8 ml of the 
1 in 2000 taurocholate, 0-8 ml. of various dilutions of saponin, and 04 ml. of cell 
suspension. Let the time for complete lysis be t 2 . Referring to the time-dilution 
curve for saponin acting alone, we find U corresponding to a quantity c 2 ; then, 
if the effects are additive, one would expect to find 

c 3 -j- Cj = c 2 , 

c 1 being the initial quantity of saponin present in the system containing the mixed 
lysins which haemolyses in time t 2 , c 2 the quantity of saponin which, acting alone, 
would produce l} r sis in time t 2 , and c 3 having the meaning defined above. I say 
that one would expect to find this relation, because it seems to follow so obviously 
from the reasoning, but, as a matter of fact, I shall show that the relation would 
be true under special conditions only, and that these are far from obvious. 

If (C3 + C1) be not equal to c 2 , the activity of the mixture appears to be de- 
pressed below, or increased above, the sum of the activities of the two lysins by 
the factor c 2 j (c 3 + c x ) , and the value of this ratio can be used to measure the extent 
of the departure from a simple additive effect. 

2. Remits . 

I. Saponin and digitonin. These lysins are both glucosides and have haemo- 
lytic properties which are similar in almost every respect. When mixed, however, 
their combined effect is much less than their individual effects added together, 
as can be seen from the values for the ratio c 2 /(c 3 +c 1 ) which are given in 
Table I. 

Table I. 


Saponin 

y 


Digitonin y 


40 

25 

18 

100 

0-89 

0-53 

0*59 

50 

0-90 

0-52 

0*55 

40 

0-92 

0*56 

0*59 

25 

0-87 

0-60 

0*54 

20 

0-83 

0*57 

0*51 


In the case of these two lysins, the inhibition is greater when the lysins are 
present in the smaller concentrations, but, as will be seen below, this is not an 
invariable rule. I maw remark that the second decimal of the value given for the 
ratio is probably not very reliable. 

2. Sapo?iin and sodium taurocholate . These two lysins differ quite considerably 
in their haemolytic properties, hut as in the case of saponin and digitonin, there 
is mutual inhibition. 

Table II. 


Saponin 

y 


Taurocholate y 


2000 

1000 

667 

100 

0*73 

0*98 

0*98 

67 

0*71 

1*00 

0*97 

40 

0*72 

0*89 

0*93 

25 

0*84 

0*85 

0*86 

20 

0*89 

0*88 

0*80 
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As in Table I there is a tendency for the inhibition to increase as the quantity of 
saponin becomes less, but it does not change in a similar way as the quantity of 
taurocholate is varied. The greatest inhibition of all, indeed, is met with when the 
bile salt is present in the greatest concentration. 

3. Saponin and sodium oleate. These two lysins are quite unlike in many 
respects, and the activity of a mixture of the two is far greater than that which 
would result from summing the individual activities. 


Table III. 




Oleate y 


Saponin 

f 

A 



y 

200 

100 

67 

100 

1-74 

1*63 

1*41 

67 

1-52 

1*67 

1*40 

50 

1-39 

1*60 

1*37 

40 

1*34 

1*50 

1*26 

33 

1*16 

1*37 

1*05 

25 

1-09 ' 

Ml 

1*03 

The acceleration in this case is 

greatest when the lysin concentration is greatest 

and falls off as either the quantity of saponin or of oleate present in the system is 

reduced. 




4. Sodium taurocholate and sodium glycocholate . 

In the case of these two 

similar haemolysins, we again find more than an additive effect, and again the 

acceleration is greatest when the lysins 

are present in greatest quantity* 


Table IV. 




Glycocholate y 


Taurocholate 


A 

— ^ 

r 

1000 

soo 

670 

1330 

2-14 

1*44 

1-27 

1000 

1-81 

1*36 

1-20 

800 

1*39 

1*33 

1*16 

667 

1*33 

1*29 

1*11 

500 

1*20 

1*18 

1*07 

400 

M2 

1*09 

1*04 

5. Sodium taurocholate and sodium oleate. This combination of lysins gives the 

most curious results of all : 





Table V. 




Oleate y 


Taurocholate 


A 



y 

200 

100 

67 

2000 

0*62 

0*78 

0*76 

1000 

1*02 

0*70 

0*79 

500 

1*54 

1*07 

0*89 

400 

1*70 

1*20 

0*93 


Here we find more than an additive effect, or less than an additive effect, depend- 
ing on the concentrations of the haemolysins present in the system. 


Discussion. 

At first sight these results appear to dispose of Sen and Mitra’s contention that 
the total effect of mixtures of lysins is “in most cases probably additive, 55 for the 
ratio Co/Ag + Cj) is generally greater or less than unity. Before drawing such a 
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conclusion, however, we must carefully scrutinise the principles on which the 
investigation is based. 

To simplify matters, let us first assume that both lysins, which we shall refer 
to as A and B, act on the same cell component. Existing theory states that lysis 
is complete when xy of lysin are used up in combining with a proportional quantity 
of cell component. Suppose that this occurs when lysin A transforms the com- 
ponent, and when x = 25. Further, suppose that complete lysis takes time t t 
when A is used. When B is used, let the time be ^ also: then we would say that 
the quantity c 2 of B has the same activity as the quantity c x of A, for both give 
complete lysis in the same time t. If the two lysins were acting together in 
these same concentrations, we should at first sight expect the time taken for 
complete tysis to be the same as that taken by (cq+cq) of A, if A were acting 
alone. 

But a little consideration will show that this is only so if the value of n in the 
expression for the fundamental reaction for A and B is the same, i.e. the kinetics 
of the reaction between the cell component and A and between the cell component 
and B must both be described by the expression 

, v f j3 ~ 1 Ezl) 

( c P -(C-X) p [ , 

with the same value of p = ljn. Or, in words, if two lysins produce complete 
haemolysis by transforming the same amount of cell component in the same 
time, they will transform different amounts of cell component in shorter times, 
unless the value of n is the same for the time-dilution curves of both lysins. This 
is a very important point, and is related to another point which has been dis- 
cussed elsewhere [Ponder, 1932], viz. that if we have a quantity of lysin c x which, 
as the result of the presence of some inhibitor, appears to have been reduced to 
the smaller quantity c 2 , then the quantity of lysin rendered inert by the inhibitor 
is (c^ — Co) only if the value of n is the same in the presence and in the absence of 
the inhibitor. 

Let us take a concrete example, in which lOOy of lysin A (e.g. saponin) act 
on cells to produce complete lysis when x = 25. Suppose that n — 1*0 and 1 //u =10. 
The, relation between i and the quantity of component transformed is then 
shown in Fig. 1, curve A, and the time for complete lysis is 1*23 minutes. Now 
let lOOy of B act, and suppose that ?i = 2-0 and l/& = 0*59 x 10" 3 . Curve B of the 
same figure shows the relation between t and x } and again complete lysis occurs in 
1-23 minutes. In these concentrations the two lysins are accordingly equal to 
each other, at least when the time for complete lysis is used as a criterion. But 
if the transformation of 12*5y is taken as a criterion, they are unequal, for A 
transforms this quantity in 0*57 minute and B in 0*51 minute. And similarly 
for the transformation of any quantity less than 25 y. 

Now suppose that we are ignorant of this effect of the different values of n , 
and mix lOOy of A with lOOy of B. Then we again get complete lysis when 25 y 
of lysin are transformed, and referring to the A-curve (arbitrarily used as a 
standard) we expect this to occur in 0*57 minute, for then if n were 1*0 for 
both A and B, we should get a transformation of 12*5y of A and 12*5y of B. In 
fact, we get 25y used up in combining with the cell component in 0*54 minute as 
the result of 12y of A being used up, and 13y of B. This looks like an acceleration, 
and referring to the time-dilution curve for A , we find c = 20Gy giving complete 
lysis in 0*57 minute and c = 210y giving complete lysis in 0*54 minute. In such 
a case we should find the ratio c 2 /(c 3 ~f cq) to he 1*05, although in fact the effects 
of the two lysins were strictly additive. 
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This apparent acceleration is not very spectacular, but it becomes far greater 
if we use a smaller quantity of lysin, e.g. 35 y of A and 42-oy of B 1 . These both 
produce lysis in 5*44 minutes if the values of n and of Ijh are the same as the 
above. If n were the same for A and B, and the values of Ijh so adjusted as to 
give £ = 5*44 for x — 25, then we should have 25 y transformed in 1*9 minutes in 
a system containing both A and B in the above concentrations. In fact, when 
% = 2*0 for B and 1*0 for A, we get complete lysis in 1*25 minutes, for at this value 



Fig. I. Two curves showing the relation between time and the quantity of lysin transformed 
A, when 1*0, B, when n =2*0. For details, see text. 

of t we have 8-25 y of A transformed and 16-75y of B, the total beino- 25y. 
Referring to the time-dilution curve for A, we get *=1-25 when c = 99y and 
t=i-9 when c= 70y. So the ratio in this case turns out to be 1-4, which represents 
quite a considerable acceleration, although the activities of the two lvsins are 
still strictly additive. 

By the same reasoning, if we select as the standard curve that for the lysin 
with the higher value of n, instead of that for the lysin with the lo wer value of n. 
as above, the apparent accelerations become replaced by apparent inhibitions of 
the same magnitude. 

It would be possible, at the expense of a rather unwarrantable amount of 
trouble, to investigate each one of the ratios shown in the preceding tables and 
to nd out if the observed departures of the c 2 / (c 3 + c t ) ratios from unity are such 
as could be accounted for by one of these “pseudo-accelerations” or “ pseudo - 
inhibitions,” but a conclusion may be arrived at in a quicker way, for under all 
circumstances the pseudo-acceleration or pseudo -inhibition is more obvious in 
the systems containing the more dilute lysins. We can accordingly draw up a 

1 If tvo concentrations of two lysins produce complete lysis in the same time, the same fractions 
oi these concentrations produce lysis in different times, unless n is the same for both. This is so 
obvious that it requires no discussion. 
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Table showing what we should expect to find if the departures of the ratio from 
unity were the result of such pseudo -accelerations and inhibitions, and also what 
we find in fact. 


Standard 

lysin 

n 

Table 

Second 

lysin 

VI. 

n 

Result 

predicted 

Result 

found 

Increase or 
decrease in 
dilute system 

Saponin 

Saponin 

1*8 

Digitonin 

2*5 

Accel. 

Inhib. 

Increase 

1*8 

Taurocholate 

1-6 

Inhib. 

Inhib. 

Increase 

Saponin 

1*8 

Oleate 

1*3 

Inhib. 

Accel. 

Decrease 

Taurocholate 

1*6 

Glycocholate 

1*2 

Inhib. 

Accel. 

Decrease 

Taurocholate 

1-6 

Oleate 

1*3 

Inhib. 

Both accel. & inhib. 


It is therefore quite clear that even if all allowance is made for the occurrence 
of these pseudo- accelerations and inhibitions, we have no evidence that the 
activities of these haemolysins are in fact additive. Indeed, if we were to go 
through the labour of making the necessary corrections, the departure of the 
ratio from unity 'would be increased in as many cases as it would Tbe decreased. 

We are thus forced to one of two conclusions : either (a) that the effects of two 
lysins are not additive, or (b) that the additive effect is obscured by the lysins 
reacting with one another in such a way as mutually to inhibit or enhance each 
other’s activities. This they might do by reacting with each other in solution, as 
two colloids very frequently do, or by interfering with each other in the region of 
the red cell surface. The two possibilities (a) and (b) are not mutually exclusive, 
but, as I shall show, the second is far the more likely. 

Let us see what the hypothesis that the activities of two lysins are not additive 
amounts to, the term additive being used in the sense of this paper, and all 
inhibitory and acceleratory effects of the lysins on each other being either ex- 
cluded or allowed for. Under such circumstances, the effects of the lysins must be 
additive if they affect the same cell component. If they affect two different cell 
components, their effects will not be additive unless we imagine that the result 
of partial destruction of two different and spatially separated components is 
equal, in an additive sense, to the much greater destruction of a single compo- 
nent. There is no precedent for such an idea, which is highly improbable in itself: 
in fact, if the two lysins attack different cell components, their effects will almost 
certainly not be additive. The hypothesis that the activities are not additive is 
therefore tantamount to a hypothesis that the lysins react with different com- 
ponents and demands that they shall not react with the same component. All 
the available evidence, however, indicates that different lysins react with the 
same cell component, probably the protein ‘‘stromatin 55 [see Ponder et al., 1930], 
and they certainly all react with that component which is responsible for the 
discoidal form [Ponder, 1934]. We have accordingly no collateral evidence 
supporting possibility (a), and, while we cannot altogether disprove it, we can 
conclude that it is not a very likely one. 

We have therefore to fall back upon the second explanation for the results 
obtained in the above tables, viz. that the additive effects of two lysins are 
usually obscured by various inhibitory and acceleratory phenomena which result 
from an interaction of the lysins with each other. 

Summary. 

When two simple lysins (saponin, digitonin, sodium taurocholate, sodium 
glycocholate or sodium oleate) act together in a system, the total activity is 
rarely the same as the sum of the two individual haemolytic activities. The most 
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likely explanation of the result is that the lysins interact with each other, thereby 
mutually enhancing or inhibiting each other’s lytic activity. 

Some curious difficulties arise in the analysis of the combined effects of two 
lysins, and these are discussed at some length. 
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LIII. THE HYDROLYSIS OF CERTAIN POLY- 
SACCHARIDES AND PROTEINS BY THE 
ENDOSPORES OF AEROBIC BACILLI. 

By HUGH LEWIS AUBREY TARR 1 . 

From the Biochemical Laboratory, Cambridge . 

{Received January 19th, 1934.) 

A study of the enzymic content of the endospores of some twelve unidentified 
aerobic bacilli was made by Ruehle [1923]. He found that the spore preparations 
studied by him liquefied gelatin which contained 0-5 % of phenol and was covered 
by toluene, and this observation was confirmed by Cook [1931]. Ruehle also 
investigated the ability of certain of his preparations to hydrolyse fats and 
caseinogen and obtained negative, or at the best feebly positive, results. In a 
previous paper [Tarr, 1932] it was shown that almost every cell in a given culture 
forms spores when the aerobic bacillus being studied is cultivated under appro- 
priate conditions. Later [Tarr, 1933] it was found that endospores of aerobic- 
bacilli possess active respiratory catalysts which are quite different from the 
respiratory catalysts of the vegetative cells from which they are formed. In the 
present communication it is shown that endospores of aerobic bacilli possess an 
amylase and proteases. 

Experimental. 

The cultures employed ( B . subtilis I ; B. subtilis II and B. mesentericus I) were 
identical with those used in previous work [Tarr, 1932]. Endospore suspensions 
were prepared by the method previously described [Tarr, 1933] and were heated 
to 80° for 30 minutes immediately prior to use. 

The amylase of bacterial endospores. 

The presence of an amylase in bacterial endospores was verified by studying 
the hydrolysis of both starch and glycogen in the presence of toluene as antiseptic 
in the following manner. 250 ml. Erlenmeyer flasks received 50 ml. of 0*5 % 
solution of soluble starch (or glycogen), 10 ml. of flf/5 phosphate buffer 7*3, 
15 ml. of water and 50 ml. of endospore suspension. The liquid in each flask was 
covered with 10 ml. of toluene, and the flask was corked and then incubated at 
37°, shaking well each day. At suitable intervals portions of the solutions were 
removed for examination, the hydrolysis being followed in three ways: (1) the 
colour formed when a drop of the solution was mixed with a drop of A/100 iodine 
was noted; (2) the relative ability of 1 ml. of the experimental solution to reduce 
a drop of Benedict’s solution was determined ; (3) the amount of aldose present in 
a 5 ml. sample was estimated by the method of Willstatter and Schudel [1918], 
the results being reported in ml. of A/100 iodine per 5 ml. of solution. 

1 1851 Exhibition Overseas Scholar and External Research Student, Emmanuel College, 
Cambridge. 
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The results of this experiment which are recorded in Tables I and II show that 
heated spores of the organisms studied hydrolyse both starch and glycogen in the 
presence of toluene, for the typical reaction of the polysaccharide with iodine 
disappears in each ease, the amount of reducing sugar increases, and the aldose 
titre increases. That the reducing aldose formed in each case is maltose and not 
glucose is shown by the following experiment. 


Table I. Hydrolysis of starch by bacterial endospores. 


Iodine test 


Reducing sugar test 


Time in 

B, sub- 

B. sub- 

B. mesen- 


days 

tilis I 

tilis IT 

terieus 

t ilis I 

0 

Blue 

Blue 

Blue 

- 

2 

Red -brown 

Blue 

Red-brown 

+ 

3 

Red-brown 

Red-brown 

Neg. 


5 

Red -brown 

Neg. 

Neg. 

-f -f 

9 

Neg. 

Neg. 

Neg. 

_L J j_ 

14 

Neg. 

Neg. 

Neg, 

^ + 


B. 

subtilis I 280 mg. drr wt, per exp. 



B. 

subtilis II 480 




B. 

mesenterieus 410 




Aldose formed 
(ml. Nj 100 1) 


B. sub- 
tilis II 


B. mesen- 
terieus 


— No reduction. 

-r Slight reduction. 

+ + Fair reduction. 

*f 4- -f Pronounced reduction. 

Table II. Hydrolysis of glycogen by bacterial endospores. 

Iodine test 


B. sub - 
t i lis I 

B. sub- 
tilis II 

B. mesen- 
terieus 

0*28 

0-29 

0*29 

0*29 

0*29 

0*29 

— 

— 

— 

— 

— 

— 

0-54 

0-56 

0*53 
■ 0*53 

0*42 

0*42 

0*04 

0*64 

0*66 

0*66 

0*6.1 

0*61 

0*64 

0*64 

0*08 

0*70 

0*65 

0-66 


Time in 
da vs 


Reducing sugar test 


Aldose formed 


B. sub- 
tilis I 
Red-brown 

Neg. 

Neg. 


B. stib- 
tilis II 

Red-brown 

Almost neg. 
Neg. 


B. mesen- 
tericus 

Reel-brown 

Almost neg. 
Neg. 


B. sub- 
tilis I 


B. sub- 
tilis II 


B, mesen - 
terieus 


+ 4* + 


-4- -J — {_ 


14 


B. subtilis I 
B. subtilis II 
B, mesenterial t 


280 mg. dry wt. per exp. 
480 „ 1 

410 


No reduction. 

Slight reduction. 

Fair reduction. 
Pronounced reduction. 


(ml. -V/lOO I) 

B. sub- 

B, sub- 

' A 

B. mesen- 

tilis I 

tilis II 

terieus 

0*28 

0*30 

0*30 

0*29 

0*30 

0*30 

0*48 

0*46 

0*35 

0*50 

0*48 

0*35 

0*64 

0*48 

0*36 

0*64 

0*46 

0*36 

0*64 

0*48 

0*48 

0*64 

0*48 

0*48 


• y® COne I“ sion of tJle a,: >°ve experiment 25 ml. of the remaining; liquid 

in eaoh flash were filtered through kieselguhr, the clear filtrate was evaporated at 

-iven e bv P Corm^l b ° T* 3 “ i th f 0Saz ? ne P re P ared following the directions 
7 b Lr . [ 93 a 3] - In eac i case typical maltosazone crystals appeared on 

SmSSion , S ' f “™P te 10 M'oly* 0-2 % maltose solutions with Ldospore 

obtLS“ 2 ;S“t 3 T- re n “ ucce “ M: “ increaae " «* «“»• «“ ~ 

The proteolytic activity of endospores. 

imJstiUedH o/ h 7\ erM endos P° res to hydrolyse various proteins was next 
10 ™ f nf d \ ~ /“Solutions or suspensions of the proteins studied were prepared 
10 ml. of such a solution were placed in a 50 ml. Erlenmeyer flask togethe? Ah 


398 


ENZYMES OF BACTERIAL SPORES 

5 ml. of M/5 phosphate buffer 7*3, 5 ml. of spore suspension and 2 ml. of 
toluene. The flasks were corked and incubated at 37°, shaking thoroughly each 
day, and 1 ml. samples were removed at intervals for formaldehyde titration by 
the method of Brown [1923]. The results of this experiment which are given in 
Table III show that bacterial endospores hydrolyse caseinogen, gelatin, egg- 


Table III. Hydrolysis of proteins by bacterial endospores. 

No. of ml. of JV/20 NaOH required for 1 ml. of the following protein solutions using the 
formaldehyde titration method of Brown. 



Caseinogen 

Egg- 

albumin 

Blood-albumin 

.... 

Edestin 

Gelatin 

Peptone (Witte) 

in 

B. sub- 

B. mesen- 

B, sub ■ 

- B. mesen- 

B. sub - B.mesen- 

B. sub- 

B. mesen - 

B. sub- 

B. mesen- 

B. sub- 

B. mesen - 

days 

tilis I 

tericus 

tilis I 

tericus 

tilis I tericus 

tilis I 

tericus 

tilis I 

tericus 

tilis I 

tericus 

0 

0-08 

0*08 

0-08 

0*08 

0*08 0*08 

0*08 

0*08 

0*08 

0*08 

0*18 

0*18 

7 

0-14 

0*10 

0-08 

0*08 

0*12 0*09 

0*07 

0*05 

0*10 

0*06 

0*22 

0*20 

14 

0*19 

0*12 

0*12 

0*10 

0*21 0*10 

0*08 

0*06 

0*16 

0*14 

0*34 

0*26 

21 

0*18 

0*14 

0*11 

0*13 

0*20 0*10 

0*12 

0*05 

0*20 

0*14 

0*33 

0*34 


The results given are the averages of duplicate experiments agreeing within 5 %. 

B. subtilis I 66 mg. dry weight per exp. 

B. ■mesentericus 42 ,, 


albumin, blood-albumin, peptone (Witte), and, in the case of one species, edestin, 
the number of free amino-groups in the solution increasing in each case. No 
increase in the initial formaldehyde titration value was obtained when endospores 
or proteins alone were incubated under similar conditions. 

Summary. 

Endospores of aerobic bacilli hydrolyse starch and glycogen to maltose, and 
various proteins with an increase in the number of free amino -groups in the 
solution. 
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HI. SELECTIVE FORMATION OF FAT DEPOSITS* 
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(Received January 23rd, 1934.) 

Ik a previous communication [Lovern, 1932, 2] data were given of the fatty acid 
compositions of the glycerides from three depots in a single fish (Acipenser sturio), 
and some evidence was adduced that a reversible change from palmitic into 
palmitoleic acid was one factor controlling depot fat composition. It was also 
suggested that for the sturgeon the fat in all depots required a constant ratio of 
saturated to unsaturated acids. Three other species have now been studied, the 
conger eel (Conger vulgaris), a dolphin (species unfortunately not determined with 
certainty), and a porpoise (Phocaena communis). In the case of the conger eel, 
the main fat depot consists of two strips of adipose tissue attached to the peri- 
toneum, whilst the fiver is a subsidiary depot. In order to obtain sufficient liver 
fat for a full analysis, twelve large fish were used, the peritoneal fats and liver 
fats being combined. In the case of the dolphin (an immature specimen) and the 
porpoise (an adult female with a well-developed foetus) the main fat dep6t is the 
blubber. This was divided into two classes in each case; (a) that from the body, 
and (6) that from the head, which is mainly found in a thick deposit in a hollow 
of the skull. These two fats had different compositions. In addition, the jaw- 
bones of these animals are filled with an oily pulp, which was extracted, giving a 
fat of different composition from the blubber fats. 

In the hope of extending the range of depdts examined, a semi-micro-method 
of fatty acid analysis was elaborated. As pointed out previously [Lovern, 1932, 2], 
for an accurate analysis of a fish oil by macro-methods, roughly 200 g. of fat are 
required. It was desired to carry out such an analysis on quantities down to 
10 g. of fat. A small distilling flask was used, with a bulb of 50 ml. capacity and 
a side-tube let into the bulb as in the Willstatter flask. A slight constriction in 
the neck supported a spiral of copper wire, to act as a fractionating column. 
Quantities as small as 1 g. could be fractionated from this, the residues usually 
being no more than 0*4 to 0*5 g. Fractions were collected in receivers made from 
shortened test-tubes, and quantities as low as 0*3 g. were frequently collected 
and the saponification equivalent and iodine value determined. Iodine values on 
one quarter of the usual quantity of material are easily performed by the use of 
pi oportionately smaller quantities of reagents and titration with more dilute 
thiosulphate. Equivalent determinations on as little as 0*1 g. of material were 
carried out. The fat was weighed into a shortened test-tube, 2 ml. of N/2 
alcoholic potash were added and the mixture was boiled for one hour under reflux 
with exclusion of carbon dioxide. The contents were washed out with 80 ml. of 
neutral alcohol into a suitable flask and titrated with N/5 0 sulphuric acid. A 
good end-point at such dilution depends on the choice of a suitable indicator, e.g. 
dibromothymoltetrachlorophthalein [Cornwell and Esselstyn, 1927]. This has a 
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very small range (8-8 to 8-4) from deep blue to colourless, and after a little 
practice, satisfactory duplicates could always be obtained. A blank determination 
was made as usual. 

In every case, as large a quantity of fat as possible (up to 200 g.) was used. 
Wherever possible, fractional distillations were carried out in the usual Wiflstatter 
flasks, and where this was impossible, in the small flask. Equivalent and iodine 
value determinations were also performed on full quantities where available, and 
when determined on smaller amounts, the procedure was adapted to make use of 
as much material as was available. Unfortunately, in the micro-method, it was 
often impossible to refractionate the fractions from the primary distillation, and 
this is probably the greatest source of error. In certain cases mixtures have to be 
taken as containing only two components for the composition to be calculated, 
and it is almost impossible to obtain only such fractions in one distillation, espe- 
cially perhaps in this simpler distilling flask. Each fraction however will contain 
mainly two components, and in many cases only two. 

By the use of these micro-methods, analyses were also made of the fats from 
the blubber of the foetus, and the liver, lungs and heart of the porpoise. In each 
case only the glyceride fraction was used, the accompanying phosphatides being 
separated with acetone. The analytical procedure was the same as .that adopted in 
previous cases, except as regards the isovaleric acid, which was recovered by 
steam-distillation. Small quantities of lauric acid also always came over at the 
same time. The steam- volatile acids were dealt with by ether extraction and frac- 
tional distillation, as in the method of Hilditch and Jones [1929], for butter-fats. 

The blubber and jaw-fats of the dolphin and porpoise all contain small 
amounts of waxes, but glycerides preponderate to such an extent that the 
presence of the waxes can be ignored and the mixed fatty acid composition 
considered as being essentially that of the glyceride fatty acids. In one ease only, 
that of the head blubber of the dolphin, was the higher alcohol mixture from these 
waxes examined in detail. It was found to consist mainly of cetyl and oleyl 
alcohols, with appreciable amounts of tetradecanol and octadecanol. The method 
used in this analysis was that described by Hilditch and Lovern [1929, 2]. 

The blubber fats from the members of the porpoise and dolphin family are 
well-known to be peculiar in respect of the presence of isovaleric acid. Gill and 
Tucker [1930] found in the jaw- oil of a species of dolphin ( Tursiops truncatus) 
86-7 % isovaleric acid, 8*4 % palmitic acid and 4-9 % oleic acid. They also found 
18-7 % of higher alcohols (mainly dodecanol with some tetradecanol). It must 
be pointed out that their deduction as to the palmitic and oleic acid percentages 
was based only on an equivalent and iodine value of the mixed non-steam- 
volatile acids. By analogy with the results of the present analyses, it seems most 
improbable that only these two acids were present; indeed, one would expect 
myristic and palmitoleic to be more important constituents than palmitic and 
oleic, since the percentage of isovaleric acid was exceptionally high, and, in the 
present results, the higher the percentage of isovaleric acid, the larger the pro- 
portions of myristic and palmitoleic acids. 

The anatyses are given in Tables I, II and III, Table I giving the particulars 
of the oils, and Tables II and III the quantitative compositions of the mixed 
fatty acids, as weight and molecular percentages respectively. 

As in previous papers, the average degree of unsaturation of the 0 18 , C 20 and 
C 22 acids is expressed in terms of lack of hydrogen. The C 14 and C 16 unsaturated 
acids were in every case monoethylenic only. The palmitoleic and oleic acids in 
each fat were the ordinary A 9 ’ 10 acids, as shown by the production of azelaic 
acid on oxidation with permanganate in acetone solution. 
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Table I. Particulars of fats. 




Iodine 


Unsaponi- 


Species 

Fat from 

Sap. 

fiable 

Type of iin- 

value 

equiv. 

0/ 

/o 

saponifiable 

Conger vulgaris 

9? 

Liver 

Peritoneum 

109-4 

141*7 


2*5 

0*7 

Mainly cholesterol 

Dolphin 

Body blubber 

136-0 

263*4 

2*2 

Mainly higher al- 
cohols 


Head blubber 

82-33 

228*4 

7*5 

Phocaena, communis 

Body blubber 

88*82 

225*7 

2*4 

95 

5? 

Head blubber 

64*76 

204*7 

2*1 

25 

95 

Jaw 

44*93 

196*3 

3*6 

55 

” 

Foetal body 
blubber 

108*9 

267*8 

2*4 

Largely cholesterol 

59 

Heart 

Lungs 

121*3 

119-5 

— 

9*7 

15*0 

Mainly cholesterol 

55 

Liver 

175*0 

— 

32*1 

5? 


Table II. Composition of mixed fatty acids ( Wt . %). 


Saturated 


Unsaturated 


Species 

Depdt 

C 6 

c 12 

Cl4 

C 16 

QlS 

67 

C«, 

6-13 

C 20 

Conger vulgaris 

Liver 


— 

5-2 

19*2 

0*4 

0*4 

18*0 

37*5 

(-2-0HJ 

12-4 

(-5-6H) 

93 

Perito- 

neum 



1*8 

18*8 

0*9 

— 

6*2 

40*6 

( — 2*1H) 

18*3 

(-5-4H) 

Dolphin 

Body 

3*2 

1*0 

7*2 

8*6 

0*8 

4*7 

25*9 

24*1 

(-3*3 PI) 

18*6 

( — 6*5H) 

” 

Plead 

13*9 

2*4 

12*5 

11*6 

0*4 

2*7 

25*4 

15*8 

( —2*8H) 

12*7 

(-5-5H) 

Phocaena communis 

Body 

13*6 

3*5* 

12*1 

4*7 

— 

4*7 

27*2 

16*7 

(-2*8 PI) 

10*5 

( — 4*8H) 

>9 

Head 

20*8 

4*1 

15*8 

7*5 

0*2 

4*6 

20*8 

.15*2 

( — 2*6H) 

9*4 

(-4-5H) 

> j 

Jaw 

25*3 

4*6* 

28*3 

4*1 

— 

3*2 

20*3 

Q.Q 

(-2-6H) 

4*9 

( — 4-9H) 

n 

Foetus 

1*2 


14*9 

0*6 

— 

12*3 

48*1 

15*4 

( — 4*0H) 

7*5 

( — 7-4H) 


Liver 




7*6 

5*5 

— 

6*1 

42*5 

( -2*8 PI) 

27*3 

( — 5*4H) 


Lungs 



4*6 

9*0 

1*2 

0*1 

16*5 

27*0 

( -*2*4 H) 

31*0 

(-3-3H) 

" 

Heart 


-/f 

8-1 8-2 4-4 4-4 

Trace of lauroleic acid present. 

16*8 

50*4 

( — 3*6H) 

7*6 

( — 5-4H) 


*~82 

6*9 

(-8-1H) 

13*4 

(-8-4H) 

5*9 

( — 7*6H) 
2*6 

( — 7*2H) 
7*0 

( -4-9 H) 
1*6 

( —4*7 H) 


11*0 
— 6-5H) 
10*6 
~5*4 H) 


Table III. Composition of mixed fatty acids (Mols. %). 


Species 

Conger vulgaris 
Dolphin 

Phoea ena communis 


Depdt 

Liver 

Peritoneum 

Body- 

Head 

Body 

Head 

Jaw 

Foetus 

Liver 

Lungs 

Heart 


Saturated 


8*0 

29*2 

28-7 

39-6 

44-7 

2-9 


1*3 

2*6 

3*8 

4*0 

4*1 


Unsaturated 


Cm 

c M 

c 18 

n 

Ci. 

Qis 

6*2 

2*3 

20*5 

0*4 

0*5 

19*4 

36*3 

20*8 

0*9 

— 

6*9 

40*8 

8*1 

8*6 

0*7 

5*3 

26*1 

21*9 

11*7 

9*7 

0*3 

2*5 

21*4 

12*0 

11*4 

3*9 

— 

4-5 

23*0 

12*8 

13*4 

5*7 

0*1 

3*9 

16*0 

10*5 

22*4 

2*9 

— 

2*6 

14*4 

6*0 

16*2 

0*6 

— 

13*5 

47*0 

13*7 

5*7 

8*6 

10*0 

5*6 

1*2 

0*1 

6*9 

18*4 

43*7 

27*2 

9*5 

8*6 

4*2 

5*2 

17*7 

48*2 


20 


C. 

11*0 

16*9 

15*5 

8*9 

7*4 

5*9 

2*9 

6*1 

25*7 

28*4 

6*6 


5-7 

11*4 

4*5 

1*7 

4*5 

0*9 


9*5 

9*0 


FAT METABOLISM IN FISHES 


397 


Consideration of these figures reveals several points of interest. In the conger 
eel we have another instance, as in the sturgeon, of an animal with a liver fat no 
more unsaturated than the depot fat. But whereas in the sturgeon both fats have 
almost equal average unsaturations (iodine value), in the conger eel the liver fat 
has a much lower iodine value and is much harder. This is wholly due to the dif- 
ferent proportions of the various acids present in each case. Unlike the sturgeon, 
the conger eel has no constant proportion of saturated acids. The oils resemble 
that from the liver of the halibut in the absence of Ihioleie acid [Lovern, 1932, 1]. 

The acids from the dolphin and porpoise blubber and jaw depots resemble 
those of the oils from the sperm whale [Hilditch and Lovern, 1928], particularly 
the head oil of this whale, in that hi each case a considerable proportion of the 
acids have molecular weights below those of the acids taken in the food and are 
hence products -of metabolism. Also the proportions of certain acids which are 
present in the food are much altered in these depots, e.g. the high proportions of 
myristic and palmitoleic acids. The oils further resemble the sperm oils in being 
a mixture of waxes and glycerides, although the proportion of waxes is much lower 
in the present cases. The occurrence of isovaleric acid as a fat constituent is 
apparently peculiar to the Belphinidae, but lauric acid has been found elsewhere 
in marine animals [Rees, 1933; Hilditch and Lovern, 1928]. 

The foetal fat of the porpoise had only a trace of isovaleric acid, but large 
quantities of C 14 and C 16 acids, whilst the degree of unsaturation of the C 18 and C 20 
acids was the highest in the whole series, considerably higher even than that of 
the maternal liver. The liver fat had the highest average unsaturation, as shown 
by the iodine value, but this is due largely to the proportions of the different 
groups of acids (contrasted with the heart fat for instance). It is noteworthy 
that the organ fats have no isovaleric and lauric acids and do not contain un- 
usually large proportions of C 14 and C 16 acids. In this respect also the porpoise 
and dolphin resemble the sperm whale, for Tsujimoto and Kimura [1928] re- 
ported the liver fat of the latter to be only glycerides, and with no preponderance 
of lower acids. This difference from the blubber and jaw fats is particularly 
emphasised when the results are expressed in molecular percentages. 

If the isovaleric, lauric and much of the myristic acids, which are presumably 
metabolic products, had been separately built up into glycerides and then 
admixed with food fat entering the depots, we should expect most of these acids 
to be present as fully-saturated glycerides, which would survive oxidation with 
powdered permanganate in acetone solution. The body fat of the porpoise which 
was used contained 10-5 % by weight of fully-saturated material. This was for the 
most part glycerides, although a small amount of higher alcohols was recovered 
from it. The composition of the mixed acids is given (wt. %) in Table IV. The 
significance of these results is best seen by comparing the proportions of each acid 
present as fully-saturated material. 

Table IV. Proportions of saturated acids combined as fully -saturated 

glycerides. 



c 6 

0l2 

Qu 

c 16 

Composition of acids in fully- 
saturated portion 

26-1 

19*7 

42*1 

12*1 

Reduced to 10*5 total 

2-7 

2*1 

4*4 

1*3 

Present in 100 parts of original 
fat 

% of original acid appearing as 

13-6 

3*5 

12-1 

4*7 

19*9 

60*0 

36*4 

27*7 


ful ly -saturate <1 glycerides 


Biocliem 1934 xxvm 
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The results for the lauric, myristic and palmitic acids are in full agreement with 
those for sperm head oil [Hilditch and Lovern, 1929, 1] in that larger proportions 
of the lower molecular weight acids are combined as fully-saturated material, 
but the isovaleric acid is an outstanding exception. Only 20 % of it is so com- 
bined, the remainder being combined in glycerides which have at least one un- 
saturated acid in the molecule. That 80 % of the isovaleric acid is combined as 
mixed saturated-unsaturated glycerides' was proved by eliminating the two 
alternative explanations of the oxidation results. One of these is that isovaleric 
acid is itself unstable to oxidation. This was disproved by a second oxidation 
which gave the same quantity of fully- saturated material, of the same mean 
equivalent. The second alternative is that the bulk of the isovaleric acid is present 
as mono- or di-glycerides, which would yield acidic products on oxidation. Gill 
and Tucker [1930] suggested that in the jaw fat of Tursiops truncatus some of it 
was so combined. A sample of the porpoise body fat was acetylated, and the 
mean equivalent of the product was 220-0 as against 225-7 before acetylation. 
Ihis fall is easily accounted for by slight rancidity and the presence of traces of 
tree alcohols, cholesterol, etc., and it is evident that no great quantity of mono- 
or di-glycerides can be present. 

4.1 ^ hate 1 va ; t ^ le ori § in of the isovaleric acid (and this may well be the same as 
that by which small quantities of this acid are normally produced as waste pro- 
ducts m many animals), it can hardly be the same as that of the other fatty acids 
7 hl ° h n aVe a 8tr ^ i « llt ehain structure. The members of the Delphinidae 
differ from all other ammals yet investigated in using this isovaleric acid as a 
cons ltuent of their depbt fats, and it is perhaps also the only case of an acid of 
an odd number of carbon atoms being so used. In this utilisation of the iso- 
valeric acid, it is largely combined as mixed glycerides with ordinary w-fatty 
acids, and the mode of combination is quantitatively quite different from that of 
the other saturated acids. In the ease of the foetus it appears that isovaleric acid 
was not passed through the placenta, and that the portion found in the foetal 
blubber was produced by metabolic processes in the foetus itself. A small amount 
o! tat was isolated from the placenta and the glyceride and phosphatide fractions 
separated No isovaleric acid was present, and the glyceride acids had an iodine 
value otm-7 and a mean equivalent of 275-5. Hence no large proportions of 
C I4 and Gje acids could have been present. The acids from the phosphatide fraction 
had an iodine value of 96-7 , too little being available for the determination of the 
mean equivalent. 

A comparison of the fats from the depots of each animal (excluding for the 

oment the organ fats, which are not really depbt fats, and the foetal blubber, 
which really belongs to a separate metabolic system) shows that the differences 

in Pj r0gieSS1Ve Wlth . th ® molecular wei ght of the component acids. For instance, 
mPhomenacommums (Table III), on passing from body to head and head to jaw, 

faff If tS^ 11110 + and myriStl ° acids steadiI y rise, and the C 18 , C., 0 and C„ 2 acids 
Sou rSl r P °f 10n '\ arC expressed as totaI (».e. all C 16 acids being 

stSg (Tfble h V) f ° r mStanCe) m m0lar Percentages, this progressive effect is 

/p fbe conger eel, C 14 and C 16 acids are less hi the peritoneum than in the liver, 
ana o ?8 , U 20 and C 22 are higher. For the dolphin and porpoise the C O and C 
acids increase from body to head and head to jaw? whffst the i cj C C and 

promeSve ‘ witT' ext * nt ° f theSe increases and decreases is hi general 

Sr n d S iar weight is apparent. The figures for the acids from the 

spe ™ "“ e [HMitet “ d Loto "- i928 J ^ 
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Table V. Acids arranged in molecular groups. 


Species 

Depot 

C 5 

c 12 

Ou 

c 16 

c 18 

C 20 

Conger vulgaris 

Liver 

— 

— 

6*7 

39*9 

36*7 

11*0 

,, 

Peritoneum 

— 

— 

2*3 

27*7 

41*7 

16*9 

Dolphin 

Body 

8-0 

1-3 

13*4 

34*7 

22*6 

15*5 


Head 

29-2 

2*6 

14*2 

31*1 

12*3 

8*9 

Phocaena comm unis 

Body 

28-7 

3-8 

15*9 

26*9 

12*8 

7*4 

„ 

Head 

39-6 

4*0 

17*3 

21*7 

10*6 

5*9 

»» 

Jaw 

44*7 

4*1 

25-0 

17*3 

6*0 

2*9 


5*7 

11*4 

4-5 

1-7 

4-5 

0-9 


This suggests that one of the mechanisms operating in the case of these 
animals to control the type of fat laid down in the different depots rests on a basis 
of molecular size and might almost be some form of molecular filtration. Pre- 
sumably the acids enter the depots as glycerides and not as free fatty acids, but 
in either case similar reasoning could be applied. We will suppose for example, 
that in Phocaena communis the size of molecule which can readily pass through the 
membranes of the jaw depot is less than that for the head, which in turn is less 
than that for the body. Under such circumstances a selective deposition of 
certain of the available glycerides would take place exactly in accordance with 
Table V. In the less permeable jaw depot for instance, C 20 acids could only enter 
if combined as a triglyceride with two molecules of isovaleric acid , and C 22 acids 
could not enter at all. More combinations of C 18 acids would find an entry, e.g. 
one C 18 radical with two C 5 or two C 12 radicals, or with one C 5 and a C 12 or C 14 
radical, and so on progressively for the other acids. What becomes of much of the 
higher molecular weight acids which the porpoise and dolphin take in their food 
(this applies also to the sperm whale) is not clear. A small amount will find its way 
into the organ fats in which lower acids do not preponderate, but it seems not 
unlikely that much of it is broken down into these same lower acids which are 
present in such large amounts. The somewhat low degree of unsaturation of the 
porpoise, dolphin and sperm whale C 20 and C 22 acids may be of significance in this 
respect. This progressive difference in the fat from the different depots is also 
shown qualitatively by the characteristics of the fats from the same three depots 
of another dolphin {Lagenorhynchus albirostris). 


Table VI. Fat from Lagenorhynchus albirostris. 
Saponification 


Depot 

equivalent 

Iodine value 

Body 

253*9 

112*2 

Head 

246*9 

99*81 

Jaw 

226*1 

65*15 


Sunderland [1932] examined fats from Phocaena communis , making a different 
separation of the depots. His samples were from the upper and lower jaws 
respectively, from the skull and from the blubber. The blubber included both the 
head and body sections. The fats had different saponification and iodine values, 
again showing a selective deposition. 

If w r e visualise fat deposition taking place selective^ on any basis of perme- 
ability differences, we should expect to find, mutatis mutandis , that the less 
permeable depots (as found by analysis of the fatty acids) would be the smaller 
in size. Low molecular weight components will find equally easy entry into all 
depots, but the larger molecules will only readily enter the more permeable 
depots. In actual fact, such is the case. In the conger eel, the less permeable 
liver depot contains roughly one-eighth as much fat as the peritoneal depot. In 
the dolphin and porpoise, the body fat is much greater in quantity than the head 

26—2 
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fat, which in turn is much greater than the jaw fat. The writer has no data for the 
relative quantities of head and body fat in the sperm whale, but it seems most 
probable that the body fat is the greater in quantity. 

The position in the sperm whale is complicated, however, by the presence of 
so much wax, which is mainly of low molecular weight compared with trigly- 
cerides. Whilst this evidence as to relative size of depots is in harmony with the 
molecular filtration theory, it must be borne in mind that some depots may be 
restricted by anatomical structure, e.g. the jaw depot of the porpoise. There is 
also the evidence of Chanmon and El Saby [1932] that in the herring fat does not 
necessarily enter all the depots at the same time and may even be transferred 
from one depot to another. It may well be that similar conditions obtain in the 
animals under discussion. 

On this theory of molecular filtration., the saturated and unsaturated acids of 
the same number of carbon atoms would stand equal chances of entering any 
particular depot, unless, of course, there is something peculiar in the mode of 
combination as glycerides. The only glyceride peculiarity so far evident which 
bears on this point is the tendency for lower saturated acids to concentrate in the 
fully- saturated fraction of the fat. Since all the saturated acids present are of 
relatively low molecular weight, this might conceivably result in a greater chance 
of saturated acids being found in small glyceride molecules than the correspond- 
ing unsaturated acids, and this would be more marked for myristic than for 
palmitic acid (Table IV). Had the glyceride composition been quite heterogeneous, 
one would have expected to find the same ratios of palmitic to palmitoleic acid 
and of myristic to myristoleic acid entering a depot as were present in the 
supplies reaching that depot, and hence the same ratio in each depot, irrespective 
of the total quantities of these acids. The ratios are given in Table VII. In the 
case of the conger eel only the C 16 ratio can be included. 


Table VII. Ratio of saturated to unsaturated acid . 


Species 

Depot 

O l4 acids 

C 16 acids 

Conger vulgaris 

Liver 



M 

99 

Peritoneum 



3*0 

Dolphin 

Bod}- 

1-5' 

0*33 

99 

Head 

4-6 

0*46 

Phocaena communis 

Body 

2-6 

0*17 

99 

Head 

3-4 

0*36 


Jaw 

8*8 

0*20 


The differences in the ratios are very large in certain cases, especially for the 
conger eel and for C 14 acids in the dolphin and porpoise. With one exception the 
differences for the dolphin and porpoise are all in the same direction, an increasing 
ratio of saturated to unsaturated acid on passing from body to head and head 
to jaw. This is in agreement with the glyceride peculiarity. The jaw of the por- 
poise is an exception for the C 16 acids, and in the conger eel there is a big difference 
in the opposite direction, i.e. a higher ratio in the more permeable depot, which 
cannot be explained by glyceride structure. 

The interpretation which seems most in accordance with all the facts is that 
the saturated and unsaturated acids of the same number of carbon atoms are 
interconvertible, as suggested in the previous paper for the sturgeon [Lovern, 
193 l, 2]. It would follow that the conversion takes place in the depot itself. 
Support of the idea of mterconvertibility is found in the work of Mazza and 
to fi [1933] and of Rerend [1933] who have described dehydrogenases which act 
on higher fatty acids. 
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The peculiar composition of the porpoise and dolphin depot fats raises some 
interesting questions. Where, for instance, is the site of the production of the 
lower fatty acids, due perhaps to breakdown of the C 20 and C 22 acids? Also of the 
isovaleric acid, which is apparently produced quite separately, and combined 
into mixed glycerides in a different manner from the other lower acids? That this 
site is the liver seems most unlikely, in view of the apparent entire absence of 
these acids from it — indeed, the liver fat closely resembles the other organ fats 
examined. In fact, the organ and the depot fats are so thoroughly different in 
their whole composition that it is difficult to imagine the liver playing any large 
part in the metabolism of these depot fats. An organ that is worthy of attention 
in this respect is the spleen, in view of its function of removing fat from the blood 
during alimentary lipaemia [Marino, 1933], and hence its role as an intermediary 
in the formation of depot fats from food fat [cf. also Leites et al, 1933]. 

In the case of the foetus it seems probable that the fat received from the 
maternal system is mainly of the ordinary marine type. This is modified by the 
foetus in two ways — by production of much C 14 and C 16 acids in place of C 20 and 
,0 22 j and "by admixture of isovaleric acid. The metabolic process from which the 
isovaleric acid arises evidently does not function to any great extent up to this 
stage. The characteristic composition of the foetal fat is further evidence that 
the isovaleric acid and the lower acids are produced by separate processes. 

The molecular selectivity displayed in the formation of these depot fats does 
not appear to hold for all species, e.g. the pike and the sturgeon [Lovern, 1932, 1, 2]. 
In these animals the different depots appear equally permeable, resulting in the 
constant proportion of total C 16 acids found for the sturgeon and the pike. 

Summary. 

The liver and peritoneal fats of the conger eel, and the fats from a number of 
depots and organs of a dolphin and a porpoise have been examined. Considerable 
differences in fatty acid composition are found in the different fats from one 
animal, indicating a highly selective formation of the fat deposits. 

The porpoise and dolphin fats show great similarity of type to those from the 
sperm whale, thus affording further evidence that zoologically related species 
exhibit definite similarities in fat composition. 

The porpoise and dolphin .depot fats are unique in containing large amounts 
of isovaleric acid and the mode of combination of this is peculiar. 

The depot fats of the porpoise and dolphin are quite different in type from the 
organ fats of the same animals. Whilst no explanation of this can be offered, it is 
not in harmony with the idea of fat transfer to the liver before utilisation. The 
theory of desaturation in the liver is also unsupported by the conger eel and 
porpoise figures. In the case of the porpoise, the heart fat contains an even more 
unsaturated group than the liver fat. 

The blubber of a porpoise foetus showed a peculiar composition and a very 
high degree of unsaturation. 

The depot fats of all the animals show a molecular size gradation which sug- 
gests that one cause of specificity may be a molecular filtration. 

Some further evidence is adduced in support of the idea of interconvertibility 
of saturated and unsaturated acids of the same number of carbon atoms. 
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LV. A NOTE ON THE STRUCTURE AND 
CHEMISTRY OF GLUCURONIC 
ACID MONOBENZOATE. 


By ARMAND JAMES QUICK. 

From the Department of Surgery of the Fifth Avenue Hospital , New York . 
(. Received January 25th , 1934.) 


Although glucuronic acid was discovered over 50 years ago, its position in 
physiology remained until recently undefined. Now, however, it seems fairly 
certain that this compound is intimately related to carbohydrate metabolism. 
The depancreatised dog can still produce glucuronic acid from the glycogenetic 
fraction of the protein molecule, which would otherwise go to glucose and be 
excreted [Quick, 1926, 2]; furthermore, insulin* can markedly increase while 
acetoacetic acid as well as lactic acid decidedly suppress its output [Quick, 1932]. 
The importance of glucuronic acid depends not only on its relationship to carbo- 
hydrates, but also on the fact that it represents a type of conjugation, which is 
commonly referred to as a detoxication mechanism. In the opinion of the writer 
these synthetic processes are constantly active in normal metabolism, but they 
often only become manifest when the organism applies them to abnormal sub- 
stances. It is probable that the uric acid- carbohydrate compound normally 
present in the blood is produced by a conjugating mechanism and may represent 
an important step in the excretion of uric acid. 

The desirability of studying the molecular structure and chemistry of the 
various conjugated glucuronic acids is evident. Recently Pryde and Williams 
[1933] reported studies on the structure of bornyl-d-glucuronide, glucurone, and 
the glucuronic acid-benzoic acid compound. This last compound was prepared 
and studied by Quick [1926, I], Erom the data then obtained, he concluded that 
the compound was not benzoylglucuronic acid as Magnus -Levy [1907] had 
postulated (I) but glucuronic acid monobenzoate (II). 



H OH 


\/ 

C 
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H — C — 0 — C — C c H 5 
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H— C— OH i 

I 
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Pryde and Williams, however, question the ester structure and believe that the 
formula originally proposed by Magnus-Levy is the correct one. The wSteS 
contention that the compound has formula II is based in part on the findS tha 

inff 1 +i m + C +i am< m 1 t aC i S direetI - y Wlth gl ucu ronic acid monobenzoate, thus indicat 
fhn th j at p th n aIdehy f .® P‘°up is free and is not combined with benzoic acid. Al- 
ug i Pryde and \A illiams obtained the same polariseopic changes as the author 

and y tS™i that tf m' alinit J °! the sodium ^nide first caused a hydrolysis’ 
il that it was the liberated glucuronic acid which reacted. They base their 

conclusions on the qualitative detection of benzoic acid, which obviously can be 
misleading, and was unfortunate in view of the fact that satisfactory ouantitihVe 

conchJoZ ere aVailable ’ WhiCh W ° Uld lmVe P revented a ha sty and erroneous 
In order to redemonstrate that sodium cyanide reacts with glucuronic acid 
w^performed 7 Wlth ° Ut hydrolysis ’ the following experiment 

■ °’f gh^curonic acid monobenzoate was dissolved in 20 ml. of water and 

S, a solu ion containing 0-09 g. sodium cyanide in 20 ml. TheaesulthS 
mixtuic was faintly alkaline to phenolphthalein and became progressively more 
so as the reaction progressed. At the end of 21 hours, the solution was acidified 
J th , hydrochloric acid until acid to Congo red, then extracted with 4 portions (‘>5 
25, 15, 10 ml ) of neutral toluene and the benzoic acid determined hi the usual 
manner by titration with 0-1 N sodium ethoxide Thn !■ f , 1 

acid f ° PJKl r aS °'° + 145 g ' wllile the tc »tal amount contained in 0-4 g of glucuronic 

SoZeftaThoum At?b 5g ‘ T *T* m 8 ’ 9 % ° f the impound Z 

EfiWSF*" 

satiSSSSS-S 

requires 0-033 g of sodium ^ ^ ucuronic acid monobenzoate (which 

an m0 “ b “r? Sh '"" Ki dotation in 

occurred with ty P Stoted ’ “ S ch “8° ° f «*»<*>» 

«id^Tto d glIZmS d Sbif "S ” hi * h y*°WP &c benzoic 
problem is the preparation JrtL chatty the most P ronllsin g approach to the 

the writer, before attempting oompletemShyWfom^™ 0 "' 1 '’' “ “h” 1 by 
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Summary. 

The compound resulting from, the conjugation of glucuronic acid with benzoic 
acid is a glucuronic acid monobenzoate, and not benzoylglucuronie acid, for it 
acts directly with sodium cyanide to form the cyanohydrin, and it exhibits 
mutarotation. 
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LVI. THE RELATION BETWEEN THE ACTIVITY 
OF UREASE AND THE OXIDATION- 
REDUCTION POTENTIAL. 


By HARRY FISCHGOLD. 

From the Department of Physiology and Biochemistry, University 
College 5 London. 

(■ Received January 30th , 1934.) 

Amongst the substances which exercise accelerating or inhibitory actions on the 
activity of enzymes, particular interest has recently been attached to compounds 
possessing reducing or oxidising properties such as hydrogen sulphide, cysteine 
glutathione, iron and other metallic complexes, and more recently also Ascorbic 
acid [Karrer and Zehender, 1933; Edlbacher et al, 1933, 1, 21 These sub 
stances may react chemically with the enzyme-substrate system or they may 
influence the enzyme reaction by stabilising the oxidation-reduction potential 
of the medium. In the first case the activity will be related to the particular 
properties of the system added, whilst in the latter case every oxidation-reduction 
system wiU mamtam the same potential and have the same influence MaM 
Waldschmidt-Leitz et al. [1929; 1930; 1933] and Grassmami et al. [1930- 1930-311 
have indicated a relationship between the oxidation-reduction potential and the 
ctrnty of the enzyme. Obviously a method of elucidating this problem would be 
o investigate the activity of the enzyme in the presence of different oxidation 
i eduction systems which maintain the potential (r H ) at known levels but which dn 
not react chemically in any other way with the constituents of the mixture— in 
other words to impose conditions similar in character to those emnloved 
maintain a desired hydrogen ion concentration in a reaction mixture P * 

here is however a difficulty in that a very large number of different oxida 
^t Ct r/lC mS are necessar y m order to cover the entire range of the r ' 
f f °! ‘ e COmmon oxidation-reduction systems is suitable only for a 

was A thtt fi Qua J7fl933i e 77^ °f, T® 7“ investi S ated - The reason for this 
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Since however these substances all form fairly strongly positive reversible 
oxidation-reduction systems and since other oxidising agents such as hydrogen 
peroxide are actually inhibitors it seems reasonable to suspect a relationship 
between the activity of the enzyme and the oxidation-reduction potential of the 
system. 

In the present investigation the hydrolysis of urea by urease was studied in 
the presence of different types of reversible oxidation-reduction systems. In 
particular, it was important to study that part of the oxidation-reduction scale 
which is poised by the system quinol-quinone, that is to say the positive section. 
In addition a study was made of conditions at the negative end of the oxidation- 
reduction scale. The experimental difficulty of carrying out investigations with 
the very oxygen-sensitive negative systems, for example rosindulin or neutral 
red, is very great. Therefore the action of the enzyme was studied in a stream of 
hydrogen in the presence of an active catalyst in the form of palladised asbestos. 
Also, in the studies of the readily autoxidisable leucomethylene blue a stream of 
hydrogen was maintained through the apparatus while the hydrolysis was in 
progress. Other experiments were carried out in which a stream of air was 
employed and in which the reaction mixture was kept in a sealed vessel. The 
degree of hydrolysis of the urea was measured either by estimating the ammonia 
by aeration in the usual manner or by direct titration as follows : to a sample of 
the test solution an excess of standard trichloroacetic acid was added; the 
mixture was made up to a certain volume and filtered, and an aliquot part of the 
filtrate was titrated with Nf 10 NaOH to p H 44 methyl orange being used as 
indicator. At this point the phosphoric acid used as a buffer had its first neutralisa- 
tion point and consequently a minimum of buffering power. Free trichloro- 
acetic acid being a strong acid can be titrated with this indicator without 
difficulty whereas ammonium salts do not give the acid colour. 

The hydrogen employed was prepared in a Kipp’s apparatus and purified by 
washing with potassium permanganate, mercuric chloride and alkaline pyro- 
gallol. Air was purified by washing with acid in order to remove traces of am- 
monia. In all experiments in which a stream of gas was employed the outlet tube 
of the apparatus led into a vessel containing standard acid which was titrated for 
the estimation of the ammonia liberated. The enzyme preparation employed was 
either freshly ground soya bean or a 10 % aqueous extract thereof. The urea was 
purified by crystallisation. The palladised asbestos was prepared by carefully 
treating a warm suspension of finely divided asbestos in a very dilute solution of 
palladium chloride with glucose and sodium hydroxide. 

Influence of air and hydrogen . 

It was necessary to investigate whether any alteration of activity of urease 
could be detected in experiments in which air or hydrogen was bubbled through the 
solution, since Eclibacher et at. [1932; 1933, 1, 2] has detected a difference in the 
case of arginase. Similar reaction vessels containing 10 ml. of 6 % urea solution; 
5 ml. M phosphate buffer 74; 10 ml. 10 % aqueous soya bean extract; and 
25 ml. distilled water, were set up. One was aerated at room temperature with air, 
whilst through another a stream of hydrogen was passed for the same time. In 
both cases the gas streams weie regulated so that approximately one bubble per 
second passed through the solution, this being done in order to prevent frothing 
which might induce inactivation of the enzyme. 

The following table gives the values of ammonia formed by fermentation in 
various experiments with different enzyme preparations (in ml. Nj 10 NH 4 OH). 
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Exp. 

no. 

Time 

min. 

Closed vessel 

Air stream 

Hydrogen 

stream 

1 

85 

4*65, 4*80 

4*50, 4*65 


2 

205 

9-35, 9-50 

9*15, 9-05 


3 

95 

4*30 



4*40 

4 

220 

9*15 



9*05 

5 

95 

— 

9*80 

10*00 

6 

40 

— 

5*20 

5*40 

This shows no significant 

difference between the tests. 



Influence of active hydrogen . 

In this experiment the reaction vessel contained 0-05 g. of pallatised asbestos 
suspended with the enzyme preparation in the buffered medium. Hvdroeen was 
passed through the mixture for 15 minutes after which the urea was added. In 
this manner it was ensured that the potential of the reaction mixture would be 
adjusted to the negative level of the hydrogen electrode at the employed At 
a temperature of 18° this is -427 mv. (referred to normal hydrogen electrode) 
ihe ammonia production was compared with that of two controls in closed 
vessels, one of which contained the same amount of catalyst. 

The results of several experiments are : 


Exp. no. Time (min.) 


Catalyst 
In hydrogen stream 


Catalyst 
Closed vessel 


S 

9 

10 

1 


85 

205 

85 

205 

85 

205 


Titrations in ml. N / 10 ISTH^OH 
7-45 

— 13-70 

— 7-05 

— 13*95 

4-45, 4-40 — 

8-85, 8-60 — 


Closed vessel 


7*75 
15*30 
7*45 
14-70 
4-65, 4-SO 
9-35, 9-50 


- slight inhibition of the enzyme in the presence of the catalyst 


This indicates 
employed. 

Influence of methylene blue . 

nw ^™ tei f 19 , 32 ^ has ® hown that methylene blue does not affect unpurified 

Sef^m e U RT e r CXertS a Btxoa & Siting action on the 

solution io ml f n IT S , T® S6t UP ’ ea0h containin g 2 ml. 6 % urea 

solution 30 ml. M/5 phosphate buffer 74, 10 ml 10°/ sova henn mad 

buffeftoaroarti^^ 10 ^ % meth ^ lene blueia 4^0 phosphate 

palladised Si nT 1 redu ° ed by h - vdl '°g el1 in the presence of 

case a stieani^f wd he f ° mer TT Was aerated > whilst m the latter 

were added Hv^?’° ?en “TT T ° a contro1 10 mL of tile buffer only 
' ei e added, Hydiolysis was allowed to occur at room temperature. 

KesuJts ot the ammonia estimations with different enzvme urenaritions in 
vanous times are given in the following table: 5 reparations m 


Exp. 

no. 

11 

12 

13 

14 


Time Methylene blue Methylene blue 
min * oxidised reduced 

Titrations in ml. 27/10 NH.OH 
90 17-2 16-9 

80 4-55, 4*60 — 

120 7-30 _ 

00 13-70 — 


Control 


4-70, 4*60 
7*30 
13*10 


reduced memratio'n ap P ro f 10 % ° f the meth y Iene bine in the 

r,TT- P P T present m the oxidised form the potential of this 

^XlZ n ZtoM egaTd fl f ~ 28mV - (referred t0 the normal hydrogen 

eetrode), that of the oxidised preparation 199 % oxidised) may be taken as 
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+ 58 mv. (The normal potential of the system methylene blue-leu comethylene 
blue at p H 7-4 is zero.) It may be concluded, therefore, that the activity of the 
urease preparation employed is unaffected by potentials within the range 
— 28 to +58 mv. 

F erro- ferrieyanide system. 

This system possesses a normal potential of approximately +450 mv. which 
is unaffected by hydrogen ion concentration. In the first place both extremes of 
the potential range were investigated. The potentials are not very sensitive to 
oxygen so that they can be measured electrometrically in the presence of air. As 
the substances are quite stable the hydrolyses were carried out in closed vessels 
kept in an incubator at 37°. Each vessel contained in a total voh of 50 ml. 
10 ml. 6 % urea solution; 5 ml. M phosphate buffer p n 7*4; 5 ml. 10 % soya 
bean meal extract and 1 millimol of either ferro- or ferrieyanide. Controls with- 
out addition were set up. 

The respective ammonia productions in various experiments were : 


Rxp. 

Time 

Ferro- 

Ferri- 

Controls without 

no. 

min. 

cyanide 

cyanide 

addition 


Titrations in ml. 1 

V/10 NH.OH 


7 

So 

7-70 

7*15 

7*75 

8 

205 

15*20 

13*90 

15*30 

9 

85 

7*45 

6*80 

7*45 

10 

205 

14*75 

13*65 

14*70 


The oxidation-reduction potentials were measured with gilded platinum elec- 
trodes against a standard calomel electrode. Owing to inadequate poising the 
readings were not quite steady; the values for ferrocyanide ranging between 
— 22 and + 10 mv. , those for ferrieyanide between + 264 and + 336 mv. Referred 
to the normal hydrogen electrode these values become +228 to + 260 mv. (ferro- 
cyanide) and +514 to +586 mv. (ferrieyanide). The rate of hydrolysis of urea 
was unaffected by these substances, apart from a very slight inhibition exerted 

by the ferrieyanide. . . 

Influence of qumol. 

The poisoning of urease by quinol which was observed by Quastel, and which 
can be demonstrated both with the crude soya bean meal and with extracts, can, 
as he also showed, be prevented by the addition of substances containing the 
SH group. The inhibition thus removed could be prevented likewise by treat- 
ment with active hydrogen. Three experiments were set up. . In each the reaction 
vessel contained in a total volume of 50 ml. 10 ml. 6 % urea solution; 5 ml. 
M phosphate buffer solution p H 7*4; 10 ml. of a 10 % aqueous soya bean meal 
extract or the corresponding quantity of soya bean meal. To the contents of two 
vessels 0*1 g. quinol was added, the thud serving as a control. One of the vessels 
containing the quinol was exposed to a stream of hydrogen in contact with 
0*05 g. palladised asbestos for 15 minutes before the enzyme preparation was 
added, and for a further 15 minutes afterwards. The urea solution was then 
added and the stream of hydrogen maintained during the hydrolysis. 

Results of ammonia estimations in various experiments are shown in the 


following table: 

No. 1 quinol 




Pd- catalyst in 

Exp. Time 

hydrogen No. 2 quinol 


no. min. 

stream (closed vessel) 

Titrations in ml. J\ T /10 NH 4 OH 

No. 3 control 


0 9*15 j" so ^ a bean extract 

0*90 7*05 meal 


15 

125 

4*30 

16 

210 

8*80 

17 

120 

6*50 
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The oxidation -reduction potential in No. 2 was between —53 and — 34 mv 
measured against the standard calomel electrode (i.e. +197 to +216 niv * 
referred to the normal hydrogen electrode). 

It is apparent therefore that there is almost complete inhibition of urease in 
the presence of quinol and that this is prevented by reduction with hydrogen in 
the presence of catalytic palladium. 


Discussion. 

The activity of urease was found to be unaffected by the oxidation-reduction 
potential of the medium within the range investigated— namely, that covered by 
the systems palladium-hydrogen, methylene blue-leucomethylene blue, andferri- 
ferro cyanide. Inhibition by quinol is apparently a specific "action which is not 
related to the oxidation-reduction potential. It can probably be ascribed, as 
Quastel has suggested, to the action of traces of quinone rather than to the 
quinol itself, because no inhibition occurs when a stream of hydrogen is passed 
m the presence of palladium. It can be concluded that the reaction of the enzyme 
with quinone, if it is oxidative in nature, is not reversible in the thermodynamic 
sense; otherwise ferricyanide with a potential of more than + 506 mv" would 
exert a stronger action than that of quinol with only +200 mv. 

Summary. 

1. A stream of hydrogen or air did not affect the activity of urease. More- 
over, activation of the hydrogen by palladium-asbestos had no appreciable 
influence on the rate of hydrolysis of urea. 

2. The reversible oxidation-reduction systems, methylene blue and ferro- 
ferrieyanide, did not influence the activity of the enzyme. 

3. Quinol inhibits urease action, but on reduction with active hydrogen this 
effect disappears. It is believed that the original inhibition is due to a chemical 
reaction with the enzyme rather than to an influence on the oxidation-reduction 
potential. 

The author wishes to express his thanks to Prof. J. B. S. Haldane and Prof. 
J. C. Drummond for giving the facilities of carrying out this work and for 
much valuable criticism and advice. 
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LVII. DEHYDROGENASES OF THE FILTRABLE 
ORGANISM OF AGALACTIA. 

By ANTOINETTE PIRIE. 

From the Biochemical Laboratory , Cambridge . 

(. Received February 15th, 1934.) 

The detection of dehydrogenases in Agalactia lias been reported in a previous 
paper [Pirie and Holmes, 1933] where the great instability of the enzymes lias 
also been demonstrated. The experiments reported in this paper were under- 
taken in order to see how many substrates the organism could oxidise. Agalactia 
and Pleuropneumonia are the smallest organisms so far shown to possess enzymes, 
and it seemed possible that the number of enzymes might be very restricted and 
their kinetics rather different from those of ordinary bacterial enzymes. For 
the sake of simplicity Agalactia will be described as a virus in this paper in 
spite of the paper by Ledingham [1933] in which many different forms of the 
organism are described. This pieomorphism does not entirely differentiate 
Agalactia from viruses since Bedson [1933] has described a life cycle for the 
virus of psittacosis which involves many different and some large forms. While 
admitting that the exact classification of Agalactia is still in doubt the fact of 
its filtrability enables it to be considered as a very small organism. 

The experimental procedure has been described fully in the previous paper. 
Agalactia has been grown on Hartley’s broth plus 5-10 % horse-serum at 37° 
for 3 days. In order to obtain the virus free from the medium the culture was 
centrifuged at 3500 r.p.m. for one hour and the sediment was drained and 
rubbed up in saline. The volume of saline was usually 1/1 0th that of the original 
culture. The enzymes of this suspension could then be investigated. The oxygen 
uptake and the methylene blue reduction times in the presence of different 
substrates were measured. In every experiment a saline control and also a 
control of the virus plus some substrate which was known already to be oxidised 
were included since occasionally apparently well -grown cultures failed to show 
any dehydrogenases whatever. Table I shows the results obtained using the 
methylene blue technique. These indicate that a considerable number of sub- 
strates are oxidised by Agalactia if the substrate concentration is high enough. 
Agalactia oxidises very few compounds if their final concentration is less than 
Jf /TO. Lactate, adenylic acid, adenosine, fructose and hexosediphosphate are 
the only substrates which are oxidised in low concentration. In this respect 
Agalactia resembles Esch. coli since Quastel and Whetham [1925] found that 
the dehydrogenases of the resting bacterium varied enormously in their affinity 
for their substrate and relatively few enzymes attacked substrates in low con- 
centrations. The significance of enzymes which do not attack a substrate unless 
it is in high concentration is obscure. It seems possible that it is a question of 
incomplete specificity of enzymes so that each dehydrogenase has more than 
one substrate but has enormously varying affinities for the different substrates 
which it may attack. Table II shows the effect of variation of substrate concen- 
tration on the velocity of reduction of methylene blue. 
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Table I. Dehydrogenases of Agalactia. 

Each Thimberg tube contained 1-0 ml. virus suspension, 1-0 ml. substrate, 1-0 ml. MI10 
phosphate buffer of p s 7-4 and 0-2 ml. 1/3000 methylene blue. The final substrate concentrations 
are given. 


Substrate 

Broth 

Serum 

Lactate if/20 
Glucose if/6 
Fructose if/6 
Galactose if/6 
Lactose if/6 
Adenylic acid Mj 300 
Adenosine if/ 300 
Adenine (saturated) 
Xanthine 
Saline 


Red. time 

in mins. Substrate 

11, 6 Formate if/6 

10 Succinate if/6 

7, 11 Malate if/ 6 

31 Oxalate if/6 

14 Gluconate if/6 

1 8 Glu t amat e 31 j 1 2 

24 Aspartate if / 12 

17 Alanine if/6 

24 Citrate if/6 

00 Hexosediphosphate if/300 

oo Hexosemonophosphate 


Red. time 
in mins. 

60 

39 

12 


56 

40 

48 

42 

25 


Table II. Effect of variation of substrate concentration on the 
reduction time of methylene blue. 


Conditions the same as in Table I. 


Substrate 

Glucose 

Fructose 

Lactate 


Cone. 

1/3 saturated 

i¥/6 

if/30 

if/3 

if/30 

if/300 

if/30 
if/300 
Mj 1500 


Red. time 

30 

32 

oo 

14 

28 

23 # 

24 

20 

85 


Substrate 

Lactose 

Galactose 


Succinate 

Aspartate 


Cone. 
if/6 ' 
if/30 

if/6 

Jf/30 

if/100 

if/6 

Jf/30 

if/12 

if/60 


Red. time 

38 

oo 

39 
60 
CO 

46 

oo 

43 

120 


Alternatively it suggests that a co-enzyme is necessary for the reaction or 
that an intermediate compound, not the actual substrate added, is the true 
substrate for the enzyme. The effect of the addition of the co-enzyme for liver 
glucose dehydrogenase, described by Mann [1932], on the velocity of glucose 
oxidation by Agalactia was investigated. It was found that the eo-enzvme 
preparation itself was rapidly oxidised and that no acceleration of glucose oxida- 
tion could be shown. The reduction time of a mixture of glucose and co-enzyme 
was approximately the mean of the reduction times for the separate substrates 
as though only one enzyme were concerned. The same is true for mixtures of 
iructose or galactose with the co-enzyme or with adenylic acid. Since Agalactia 
dehydrogenates adenosine but has no effect on adenine it is presumably the 
carbohydrate part of the molecule that is attacked. There seems to be only 
one enzyme m Agalactia which oxidises all the different carbohydrates since a 
mixture of any two of these is oxidised at the mean rate of oxidation of the two 
separately It is possible that the co-enzyme of glucose dehydrogenase also con- 
tains a carbohydrate radical since it is oxidised by the same enzyme (Table II). 

The addition of phosphate buffer to the mixture of virus and substrate in 
the vacuum tube often greatly decreased the reduction time. This was at first 
thought to be a specific effect of phosphate since borate and sulphate had no 
accelerating effect Quastel and Whetham [1924] state that replacement of 
phosphate by borate had no effect on the activity of succinic dehydrogenase of 
Each. coli. But it seems more probable that the accelerating action of phosphate 
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Table III. Unity of carbohydrate dehydrogenases of Agalactia. 
Final cone, of total sugars M/4:. Reduction times in minutes. 


Glucose 

31 

Calc. 

mean 

+ Fructose 

16 

22 

+ Lactose 

24 

27 

+ Galactose 

21 

24 

Galactose 

18 

— 

+ Fructose 

14 

16 

-f Glucose 

21 

24 

+ Lactose 

21 

21 


Fructose 

14 

Calc. 

mean 

+ Glucose 

16 

22 

+ Lactose 

16 

19 

+ Galactose 

14 

16 

Fructose 

33 



+ Co-enzyme 

28 

28 

Fructose 

43 



+ Adenylic 

24 

32 

acid 




Lactose 

24 

Calc. 

mean 

+ Glucose 

24 

27 

+ Fructose 

16 

19 

+ Galactose 

21 

21 

Glucose 

32 



+ Co-enzyme 

26 

27 

Glucose 

32 



4- Adenylic 

25 

27 

acid 




on the enzymes of Agalactia is a pg- effect, since some of the dehydrogenases 
have a sharp optimum p H of 7*4. In vacuum tubes containing no buffer the 
p H rises during evacuation and therefore the enzyme may not be acting under 
optimum conditions. It was impossible to be certain of this point since experi- 
ments with citrate and glycylglycine as buffers were inconclusive. Those enzymes 
which seemed most affected by phosphate were also the most unstable and were 
often destroyed after the suspension of Agalactia had stood on the bench for 
half an hour. In order to test the relative effects of different buffers all vacuum 
tubes had to be evacuated simultaneously. Since it seemed possible that phos- 
phate had either a stabilising or stimulating action on some of the enzymes of 
Agalactia it was thought that it might have a similar action on the organism 
itself. The sediments from equal volumes of culture were suspended in equal 
volumes of 31/10 phosphate buffer of p H 7*4 or in physiological saline of the 
same p H . The suspensions were kept on the bench and the activity of some 
dehydrogenases was determined at intervals. It was found that the glucose 
and succinic dehydrogenases were destroyed more rapidly in phosphate than 
in saline whereas the lactic dehydrogenase was equally stable in either solution. 
Elford and Galloway [1933] found that the virus of louping-ill was less stable, 
as judged by its pathogenicity, in phosphate solutions than in saline and it 
would be tempting to consider that this case also is one of enzyme destruction. 

The dehydrogenases of Agalactia varied considerable^ in their relative ac- 
tivities. Many cultures were investigated under standard conditions before this 
variability was accepted as being a real occurrence not due to chance changes 
in technique. The ratio of the glucose and lactic dehydrogenases was particularly 
investigated. First of all the ratio of the two enzymes at different stages of 
growth of the culture was estimated. 30 ml. samples were removed from cultures 
on the 2nd, 3rd and 4th days of growth and centrifuged for one hour, and the 
lactate and glucose dehydrogenase activity was estimated in the usual way. 
A saline control was also put up, the virus sediment being rubbed up in 3-0 mi. 
saline. If an active glucose dehydrogenase was present the ratio of the enzymes 
was usually 2-3 to 1 at all stages of growth, but if a very feeble one only was 
detectable this seemed to be at its maximum on the 3rd day of growth when 
the ratio might be 7:1. 

The variability depended more noticeably on the medium. Different batches 
of Hartley’s broth gave very different glucose dehydrogenases although the 
lactic dehydrogenase was constant. In order to see if the medium were the 
controlling factor in variability of the enzymes a culture grown on a broth 
which tended to diminish the glucose enzyme was transplanted to a C£ good 55 
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broth. The enzyme activity increased considerably. After two cultures on this 
broth a subculture was made on to the “bad” broth and the enzymes were 
estimated again. There was a tendency for the glucose and other dehydrogenases 
to disappear in the first subculture, the lactic dehydrogenase being the only 
one left. After several generations the enzymes might return even on the bad 
medium. Variability therefore seems to be neither completely a matter of 
medium nor a matter of phase of growth. It is possible that different media 

Table IV. Variability of enzymes „ 

(«) Comparison of enzymes on two broths. 

Type of broth 


Substrate 

“Bad” 

“Good 

Control 

co 

101 

Glucose M/l 

00 

48 

Lactate M/10 

14 

28 

Formate M/2 

182 

39 

Fructose Jf/10 

180 



(b) Glucose and lactate dehydrogenases of successive cultures on different broths. 


Type of broth 


Substrate 

“Good” 

“Bad” 

“Bad” 

“Bad ! 

Saline 

200 

28 

101 

138 

Glucose M/l 

30 

28 

100 

70 

Lactate Mj 10 

26 

6 

8 

10 


Conditions are the same as in previous tables, Reduction times are given in min utes, 

influence the preponderance of one form of the organism over any other 
[Ledingham, 1933], Microscopical preparations of the cultures by Ledingham’s 
method for the detection of the different forms was not carried out, but bacterial 
sterility was tested by inoculation into broth and by Gram staining of the 
sediment from the centrifuged culture. 

A more detailed study of the lactic dehydrogenase of Agalactia was made 
since this enzyme seemed to be the most active and stable one possessed by 
the virus. Quastel found that the lactic dehydrogenase of Esch . coli was inhi- 
bited by other acids containing the groups —CHOH.COOH or — CO.COOH. 
The effect of such acids on the activity of the lactic enzyme of Agalactia was 
investigated in order to see if this was of the same type as the enzyme contained 
in Esch. coli. The solution of the inhibitor was added to the virus before the 
lactate in order that it might be adsorbed at the surface non- competitively. 
The time taken by the virus to reduce methylene blue in the presence of lactate, 
the inhibiting acid and a mixture of the two was then determined. Solutions of 
oxalate and gluconate inhibited lactic dehydrogenase almost completely while 
glycollic and glyceric acids had slight inhibitory actions. Glucose, citrate, tar- 
trate and malate had no effect. Gluconate or oxalate was added to the medium 
in which Agalactia was grown in order to see if any depressing action on the 
growth of the organism could be observed. Lactic dehydrogenase was so much 
the most active of the enzymes so far detected in Agalactia that it seemed 
possible that if this enzyme were inhibited the growth of the organism might 
be impaired. It was found that the addition of 1*0 % oxalate to the medium 
entirely prevented growth of Agalactia . Oxalate in lower concentrations per- 
mitted some gxowth, while concentrations of gluconate up to and including 
1*0 /o retaided but did not inhibit the growth of Agalactia. Sub cultivation on 
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to normal medium gave normal growth. The addition of broth had a slight 
inhibitory effect on lactic dehydrogenase showing that under normal conditions 
of culture the enzyme cannot be optimally active. It seems unlikely that the 
concentration of any inhibitor occurring naturally will be great enough to in hi hit 
growth. 

The oxygen uptake of Agalactia in the presence of different substrates was 
measured in Bancroft differential manometers. Lactate, broth, serum, fructose 
and citrate were regularly oxidised while aspartate, alanine and succinate were 
irregularly attacked. In general it seemed that those substances which were 
dehydrogenated regularly in the presence of methylene blue could also be 
oxidised by oxygen while those which w r ere only occasionally hydrogen donators 
to methylene blue were also only occasionally oxidised in air. The oxygen uptake 
of Agalactia in presence of broth was linear for the whole course of the experi- 
ment while the uptake in the presence of all other substrates fell off usually 
during the second hour. It was found that in presence of broth the enzymes 
remained active, while without it they became inactive during the shaking. The 
destruction of the enzymes was determined by testing the reducing capacity of 
the organism in the presence of fresh broth or lactate at the end of the experi- 
ment. Agalactia which has been shaken in the manometer with broth still 
decolorises methylene blue rapidly whereas after shaking in the presence of any 
other substrate the reduction of methylene blue does not occur. This protective 
effect of broth is unexplained. 

Summary. 

A more comprehensive survey of the dehydrogenases and oxidising enzymes 
of Agalactia has been made. The most active dehydrogenases are those attac kin g 
lactate, adenylic acid, adenosine, fructose and hexosediphosphate. Other de- 
hydrogenases need very high substrate concentrations. The relative strengths 
of the dehydrogenases vary from culture to culture. This variability does not 
seem to depend entirely on the medium or on the phase of growth at which the 
enzymes are estimated. The lactate enzyme is similar to the lactic dehydrogenase 
of Esch^ coli in that it is strongly inhibited by gluconate and oxalate. 

I have much pleasure in thanking the Medical Research Council for a per- 
sonal grant and Mrs B. R. Holmes for assistance in this work. Also I wish to 
thank Mr P. J. G. Mann for some glucose dehydrogenase co-enzyme. 
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LVIIL A FURTHER NOTE ON THE CHLORIDES 
AND INORGANIC CONSTITUENTS OF THE 
SERUM AND CEREBROSPINAL 
FLUID IN NEPHRITIS* 


By GEOFFREY CHALLEN LINDER. 

From the Department of Pathology , University of Capetown . 

{Received February 13th , 1934.) 

Linder and Carmichael [1931] recorded the results of a study of the inorganic 
constituents of the serum and cerebrospinal fluid in four cases of advanced 
nephritis. They hoped to find an explanation for the very high level of the 
cerebrospinal fluid- chloride which has been found in some cases of uraemia. 
But cases of uraemia showing this feature are somewhat rare, for the highest 
they found over a period of some years was 761 mg./lOO ml. This was in Case IV 
of the above paper, and the findings in that case are included in Table I, together 
with those in Hamilton’s [1925] case Me. Gn. which is the only other case of this 
kind for which data are available. In both of these the relationship of the 
chloride of the cerebrospinal fluid to the chloride of the serum and also that of 
the bicarbonate showed unusual departures from the normal. It was therefore 
suggested that a breakdown of the normal regulating mechanism was the con- 
dition which gave rise to the occasional very high chlorides in uraemia. 

The following figures (Case V) were obtained from the arterial blood and 
cerebrospinal fluid of a man suspected of having meningitis. The discovery that 
the cerebrospinal fluid- chloride was 850 mg./IOO ml. led to the diagnosis of 
uraemia. Even at rest dyspnoea was intense. Death occurred 12 hours later. 

All methods employed were the same as those used by Linder and Carmichael 
[1931]. 


Blood 
urea 
rag./ 
100 ml. 

380 

800 


Chloride 
Serum- 



Bicarbonate 
Serum- 


118 142 

98 127 

116 145 


Clsw / 
ClcSF 
0*83 
0*77 
0*80 



Table I. 

Total base 


Inorganic 

phosphorus 


Serum- 

water 


CSF 


HCOasw/ 

HCO-j csf t 

1-0 178 
0-98 164 

0*38 167*5 


mM 


174 


154*5 



Protein 
Serum CSF 
gTlOO ml. 


Other acids 

Serum- 
water CSF 

mM 


26 

31 


The points of interest in the results from Case V are (1) that the serum- water 
c loride has not risen in proportion to the cerebrospinal fluid- chloride, and 
herefore the ratio C1 8VV /C1 CSF is 0*80; this is lower than any recorded ratio 
except that of Case IV ; (2) that the acidosis is extreme, the bicarbonate being 
so low that the formula suggested by Hamilton correlating serum-water and 
cerebrospinal fluid- bicarbonates could not be applied; (3) that the total base 
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shows a normal distribution; (4) that the distribution of phosphorus and un- 
determined anions suggests that the meningeal barrier is able to resist the passage 
of these into the cerebrospinal fluid. 

In Case IV the acidosis was less severe, but the normal regulating mechanism 
showed greater disturbance, for the bicarbonate was the same in the two fluids 
instead of being higher in the cerebrospinal fluid as Hamilton’s formula would 
require ; the phosphorus was the same instead of being lower in the cerebrospinal 
fluid, and the chloride ratio was reduced to 0*77. The conditions found by 
Hamilton in Me. Gn. were similar to those in Case IV. 

The hypothesis that the very high chloride in the cerebrospinal fluid is con- 
cerned with, a departure from the normal relationship to the chloride of the 
serum is supported by these additional results. But it is evident that a second 
important factor is the level of the serum-water chloride. When this is high as 
in Case V and in Me. Gn. the cerebrospinal fluid chlorides reach a higher level 
than in Case IV, although the disturbance of chloride equilibrium was greater 
in the last. A third factor may possibly be the retention by the meningeal 
barrier of the pow r er to resist the invasion of the cerebrospinal fluid by phos- 
phates, sulphates and other anions from the serum, thus preserving base to 
carry chloride and bicarbonate. Atchley and Benedict [1930] found that a 
decrease in serum- chlorides was the rule in uraemia, but Bulger et al. [1926] 
point out that in uraemia with high serum- chlorides the bicarbonate may be 
extremely low, which was so in Case V. These facts explain the rarity of very 
high cerebrospinal fluid- chlorides in uraemia and their evil significance. 


Summary. 

A very high cerebrospinal fluid- chloride titre in uraemia indicates the presence 
of (i) a disturbance of the normal serum- cerebrospinal fluid relationships, and 
(ii) a high serum- chloride with a very severe acidosis. 

My thanks are due to Dr J. F. Wicht, Medical Superintendent of the City 
Hospital, Capetown, for the opportunity to study this patient who was under 
his care, and to Prof. B. J. Ryrie for his interest in this investigation. 
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LIX. THE EFFECT OF HALOGEN SALTS 
ON STEAPTIC DIGESTION. 


By WINIFRED MARY CLIFFORD. 
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Science, Kensington, W. S. 

{Received February 2nd, 1934.) 

Following- on work as to the effect of ixaiogen salts on salivary, peptic and 
tryptic digestion [Clifford, 1925; 1927; 1928; 19331, it was decided to carry out 
experiments on their action on lipase. 

. effect of halogen salts on lipolytic activity has been investigated many 
times with varying results. Loevenhart and Pierce [1907], using pancreatic and 
hepatic lipases, found sodium fluoride strongly inhibitory, as also, though to a 
tar less degree, were sodium chloride and iodide, potassium chloride and iodide 
and potassium bromide. Sodium bromide, however, was found by these observers 
to exert a slight accelerating action. Amberg and Loevenhart [1908] confirmed 
the inhibitory action of sodium fluoride on hydrolysis by hepatic lipase 

Mellanby and Woolley [1914] found no effect on lipolytic activity with the 
chlorides of sodium, calcium and magnesium, but Falk [1918] stated that 
sodium chloride accelerated the action over a period of 30 minutes. This accelera- 
tion disappeared if the fat were previously emulsified and was replaced by a 
retardation if the concentration of chloride were increased. 

• f Ql ] n< f that sodium fluoride in a concentration of 1 : 50,000 

inhibited hepatic lipase in vitro and extended the work to observations in vivo, 
obtaining similar results. In the same year Corran [1929] found the chlorides of 
s ° dl y\yyP otassiunl t0 be slightly augmentative, and calcium chloride without 
“ McGilhvray [1930] confirmed these observations for sodium chloride but 
stated that calcium chloride also hastened lipase action. 

These results, except for agreement as to the inhibitory action of sodium 
fluoride, vary considerably, and it was decided to investigate the action of 
various concentrations of halogen salts on the rate of lipolytic activity. 

Experimental methods. 

,, S y^ e , m , tlie digestion of fats emulsification is obviously of great importance, 
thes ubstrate used was the relatively stable emulsion found naturally in cow’s 

A solution of commercial pancreas substance was used as the source of lipase, 
smce m a low concentration it showed marked lipolytic activity together with a 
neghgible tryptic action. A solution of the pancreas substance 'in the concentra- 
if 6 ex P er ™^ s showed no proteolytic action (biuret reaction un- 
wifh fi each case and this negative result confirmed by Sorensen titrations 

?JJ' FOtem) m °/r rS ’ When incubated to gether with sodium carbonate at 
37 with caseinogen, fish-protein or hard-boiled egg-white 

rt. 7 any f et ° fe f P f iments 200 ml - ofmiik were placed in a. flask together with 
the lequisite weighed amount of halogen salt. The flasks were allowed to reach a 
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temperature of 37° in a water-bath, when 20 ml. of a 0-5 % solution of pancreas 
substance also warmed to 37° were added; 25 ml. of this mixture were removed 
immediately, about 150 ml. of boiling water added to stop enzyme action, and the 
liquid was titrated against 0-1 N NaOH using phenolplithalein as an indicator. 

Further 25 ml. portions were removed at 15 minute intervals and treated 
similarly. 

The milk used had been pasteurised and gave a negligible rise in acidity when 
kept for 2 hours at 37°. 

A typical experimental result is as follows : 

200 ml. milk with 0*125 M LiBr. 

20 ml. 0*5 % pancreas substance. 

25 ml. removed at 15 minute intervals and titrated with 0*1 N NaOH. 


Minutes 

ml. 0*1 N NaOH 

ml. 0*1 N acid 
produced 

0 

3*6 



15 

6*8 

3*2 

30 

8*9 

5*3 

45 

11*7 

8*1 

60 

13*6 

10*0 

75 

13*8 

10*2 

90 

14*7 

11*1 

105 

14*5 

11*2 


In each series two control flasks were used and one of each of the halogen 
mixtures. The concentrations investigated varied from 0*5 to 0*008 M. Three 
separate batches of pancreas substance were used and at least a similar number of 
samples of each halogen salt. 

Results. 

Fluorides. Typical results with fluorides are given in Table I. From them it 
can be seen that sodium, potassium and ammonium fluorides are strongly 

Table I. Fluorides. 

ml, 0*1 N acid produced. 

Time of 
digestion in 


minutes 

15 

30 

45 

60 

75 

90 

105 

15 

30 

45 

60 

75 

90 

105 





0*5 M 







0*25 M 




Control A 

0*3 

2*4 

4*6 

6*2 

7*2 

8*3 

8*9 

0*9 

2*1 

4*0 

5*0 

6*0 

6*6 

74 

„ B 

0*8 

3*0 

5*0 

6*4 

7*4 

8*9 

9*1 

0*5 

2*4 

3*8 

4*8 

5*6 

7*0 

7*1 

Na 

0 

0 

0*7 

1*5 

1*9 

2*1 

2*3 

0 

0 

0*1 

0*3 

0*5 

0*5 

0*6 

K 

0 

0 

0 

0*4 

1*0 

1*5 

2*1 

0*1 

0*4 

1*0 

1*2 

1*7 

1*7 

2*1 

nh 4 

0 

0 

0 

0*1 

0*5 

1*6 

2*1 

0 

0 

0*1 

0*1 

0*1 

0*2 

0*7 





0*125 M 







0*06 M 




Control A 

2*1 

4*6 

6*4 

7*9 

9*1 

10*7 

11*0 

2*1 

4*8 

6*4 

8*2 

8*9 

9*7 

10*6 

„ B 

2*0 

4*4 

6*3 

7*8 

8*7 

10*5 

10*9 

2*5 

4*7 

6*3 

8*0 

8*7 

10*2 

10*4 

Na 

1*0 

2*6 

3*6 

4*2 

4*4 

4*9 

5*7 

1*3 

2*5 

3-5 

4*8 

5*7 

6*3 

7*6 

K 

0*8 

2*5 

3*6 

3*8 

4*3 

4*5 

5*5 

0*9 

2*7 

3*2 

3*8 

4*8 

5*6 

6*0 

nh 4 

0*6 

0*8 

0*9 

1*4 

1*4 

1*6 

2*4 

0*2 

0*4 

1*3 

2*5 

3*7 

4*5 

4*6 





0*03217 







0*015 M 




Control A 

2*9 

4*8 

7*6 

9*0 

9*9 

10*3 

11*2 

2*2 

5*3 

6-9 

8*6 

9*2 

10*2 

11*3 

„ B 

3*0 

5*3 

7*2 

8*8 

9*9 

10*8 

11*0 

2*5 

5*2 

7*1 

8*5 

9*5 

9*9 

11*2 

Na 

2*1 

4*0 

5*0 

6*4 

7*1 

7*4 

8*7 

1*7 

4*5 

5*4 

6*2 

7*3 

8*9 

9*0 

K 

2*2 

3*9 

5*7 

7*7 

7*9 

8*6 

8*9 

1*7 

4*4 

5*7 

7*0 

7*5 

7*8 

9*0 

nh 4 

2*3 

4*2 

5*8 

6*8 

7*6 

8*6 

8*9 

1*1 

4*2 

5*8 

6*9 

7*6 

8*1 

9*2 





0*008 M 











Control A 

0*3 

2*4 

4*3 

4*5 

5*9 

6*9 

8*9 








„ B 

2*4 

3*0 

4*1 

4*4 

5*6 

6*8 

8*3 








Na 

1*1 

1*8 

2*6 

3*2 

3*6 

5*0 

6*5 








K 

0*6 

1*2 

2*4 

2*6 

3*5 

4*4 

5*4 








nh 4 

1*4 

1*8 

3*2 

3*8 

4*2 

4*7 

5*9 
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Table II. Chlorides. 


Time of 
digestion in 


minutes 

15 

30 

Control A 

1*2 

3*3 

„ B 

1*4 

4*5 

Li 

1*2 

4*S 

Na 

0*9 

4*5 

& 

0*8 

4*7 

nh 4 

0*8 

3*6 

Control A 

2*1 

4*9 

„ B 

2*3 

4*4 

Li 

2*1 

4*5 

Na 

1*9 

5*0 

K 

1*4 

4*7 

NH 4 

1*8 

4*2 

Control A 

2*5 

4*7 

T . „ B 

2*0 

4*5 

Li 

1*9 

4*0 

Na 

2*3 

44 

K 

24 

4*3 

nh 4 

2*2 

44 

Control A 

1*9 

34 

. », B 

2*0 

3*5 

Li 

1*9 

3*3 

Na 

2-1 

3*5 

K 

2*3 

3*6 

nh 4 

2*0 

34 


ml. 0*1 N acid produced. 


45 

60 

0*5 M 

75 

90 

6*3 

84 

8*7 

9*6 

5*9 

8*3 

8*9 

9*5 

6*0 

7*8 

9*0 

9*9 

6*6 

8*0 

8*3 

8*9 

5*8 

8*2 

8*8 

9*2 

6*3 

7*5 

0*125 M 

S*6 

9*0 

7*1 

8*8 

10*6 

11*1 

6*2 

7*8 

10*8 

10*8 

6*7 

7*3 

9*6 

10*2 

7*6 

8*6 

10*3 

114 

6*4 

7*9 

10*0 

10*7 

6*1 

7*3 

0*03 M 

94 

11*3 

6*3 

8*0 

8*7 

10*2 

6*1 

8*2 

8*9 

10*3 

5*9 

8*0 

S*7 

10*4 

6*0 

8*4 

8*8 

10*1 

6*2 

7*9 

8*5 

10*4 

64 

8*0 

0*008 M 

8*6 

9*9 

6*5 

7*7 

9*5 

10*7 

6*7 

7*9 

9*8 

10*8 

64 

7*8 

9*7 

10*7 

6*6 

7*5 

9*6 

10*6 

6*6 

7*7 

9*8 

10*8 

6*5 

7*6 

9*7 

10*7 


105 

15 

30 

10*0 

2*3 

4*5 

10*1 

2*0 

4*4 

10*3 

1*6 

4*4 

9*5 

14 

4*6 

9*7 

1*7 

3*8 

9*6 

1*8 

4*5 

12*0 

1*7 

34 

114 

1*5 

3*0 

12*1 

1*8 

2*9 

11*5 

1-5 

3*1 

12*0 

1*6 

3*5 

11*3 

1*8 

3*3 

104 

3-3 

6*6 

10*6 

3*0 

64 

10*7 

3*1 

6*3 

10*5 

3*3 

6*5 

10*6 

3*1 

6*2 

10*3 

3*2 

6*6 

11*6 



11*9 



11*5 



11*7 



11*5 



11*8 




45 


6-2 

5*9 

6-0 

5*8 

5-7 

5-2 


5*6 

5*3 

5*5 

5*4 

5*2 

5*5 


8*4 

8*5 

8*4 

8*5 

8*6 

8*5 


Table III. Bromides . 


ml. 0*1 N acid produced. 


Time of 
digestion in 


minutes 

15 

Control A 

1*0 

„ B 

1*0 

Li 

0*3 

Na 

0*2 

K 

0*5 

NH 4 

0-3 

Control A 

2*2 

. - B 

2*3 

Li 

2*0 

Na 

2*1 

K 

2*3 

nh 4 

2*2 

Control A 

2*0 

„ B 

2*1 

Li 

2*0 

Na 

1*9 

K 

1*6 

nh 4 

2*1 

Control A 

1*7 

„ B 

1*3 

Li 

1*5 

Na 

1*8 

K 

14 

nh 4 

1*5 


30 

45 

60 

0*5 M 

2*5 

4*3 

5*8 

2*6 

4*3 

6*3 

1*9 

3-9 

4*3 

1*5 

3*3 

4*5 

1*9 

3*5 

4*6 

1-1 

3*7 

5*0 

0*125 M 

5*3 

6*9 

8*6 

54 

7*0 

8-3 

5*5 

7*1 

8*5 

54 

7*0 

84 

5*6 

7*2 

8*5 

5*1 

7*2 

8*6 

0*03 M 

4*8 

7*1 

8*6 

4*0 

6*0 

7*6 

4*3 

6*5 

7*1 

4*7 

7*2 

84 

4*8 

6*5 

8*3 

4*6 

6*5 

7*7 : 

0*008 M 

2*9 

5*0 

7*5 

2*8 

5*0 

74 

2*7 

4*9 

7*3 

34 

5*3 

7*5 

2*9 

5*1 

7*6 

2*8 

5*3 

7*5 


75 90 105 


6*6 

7*5 

7*5 

6*6 

7*2 

7*6 

5*1 

5*7 

6*1 

5*1 

6*7 

6*7 

5*3 

5-8 

6*6 

5*2 

5*6 

6*5 

9*2 

10*2 

11*3 

9*3 

10*0 

11*1 

9*1 

10*3 

11*0 

94 

10*2 

1.1*2 

9*2 

10*1 

11*3 

9*5 

104 

114 

10*4 

11*0 

11*9 

10*7 

11*0 

11*5 

10*3 

10*9 

11*8 

10*5 

11*2 

11*7 

10*4 

11*1 

11-7 

10*6 

11*5 

11*6 

94 

10*0 

10*5 

9*2 

9*8 

10*1 

9*0 

* 9*9 

10*4 

8*9 

9*7 

10*5 

9*0 

9*8 

10*3 

94 

9*9 

10*4 


15 

30 

45 

1*3 

5*0 

7*0 

1*1 

4*9 

6*8 

0*7 

4*5 

7*2 

0*9 

3*4 

6*7 

0*5 

34 

6*6 

3*1 

4*3 

7*7 

1*4 

34 

6*5 

1*5 

3*7 

6*4 

1*5 

3*6 

6*6 

1*3 

3*5 

6*4 

1*2 

34 

6*3 

1-5 

3*8 

6*6 

2*3 

4*3 

7*2 

2*0 

4*7 

7*0 

2*1 

4*3 

7*5 

2*1 

4*5 

6*9 

2*2 

4*7 

74 

1*9 

44 

7*1 


60 

75 

0*25 M 

7*1 

9*1 

7*0 

9*2 

7*9 

9*1 

7*1 

9*3 

7*9 

9*0 

7*3 

9*7 

0*06 M 

7*7 

8*5 

74 

8*3 

7*5 

8*0 

7*6 

84 

'7*7 

8*2 

7*6 

84 

0*015 M 

9*5 

11*9 

9*8 

11*7 

9*6 

11*6 

9*7 

11*5 

9*4 

11*3 

9*5 

11*5 


60 

75 

0*25 M 

9*2 

9*7 

9*0 

9*5 

8*5 

9*2 

7*7 

8*6 

8*6 

9*0 

84 

8*6 

0*06 M 

8*6 

8*9 

8*5 

9*1 

8*4 

9*0 

8*5 

8*9 

8*6 

9*2 

8*7 

9*0 

0*015 M 

8*9 

9*7 

8*9 

9*9 

9*1 

9*8 

9*3 

9*8 


9*2 10*0 
8*9 9*7 


90 105 


9*7 10*6 

9*9 10*4 

9*4 9*9 

9*5 10*0 

9*9 10*0 

10*0 10*4 


9*7 10*4 

3*1 10*7 

S*9 10*2 

9*3 10*5 

9*5 10*6 

9*4 10*3 


12*2 12*3 
12*0 12*5 
11*9 12*2 

12*1 12*4 
12*2 12*4 
12*3 12*5 


90 

105 

10*1 

12*3 

9*9 

11*8 

9*4 

11*2 

9*6 

11*5 

9*8 

10*8 

94 

11*7 

9*9 

10*2 

9*8 

10*3 

10*0 

10*4 

10*1 

10*3 

9*9 

10*3 

10*1 

10*4 

10*5 

11*0 

10*4 

10*9 

10*6 

10*8 

10*5 

10*7 

10*6 

11*1 

10*5 

10*9 
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Table IV. Iodides. 


Time of 





ml. 0*1 N acid produced. 







digestion in 















minutes 

15 

30 

45 

60 

75 

90 

105 

15 

30 

45 

60 

75 

90 

105 





0*5 M 







0-25 M 




Control A 

3*1 

5*7 

7*9 

8*5 

9*7 

10*4 

10*7 

1*3 

2*4 

4*6 

6*2 

7*2 

8*3 

8*9 

„ B 

3-2 

5*3 

7*8 

8*4 

9*2 

9*9 

10*0 

1*8 

3-0 

5*0 

6*4 

7*4 

8*9 

9*4 

Li 

2*7 

5*2 

7*3 

7*6 

9*0 

9*4 

10*4 

0*9 

2*5 

4*7 

6*0 

7*1 

8*5 

9*3 

Na 

3*6 

6*5 

8*7 

8*9 

9*7 

10*4 

10*6 

M 

2*7 

4*8 

6*3 

7*3 

8*5 

9*2 

K 

3*5 

5*3 

8*1 

S*6 

9*2 

10*7 

10*9 

1*3 

2*3 

4*5 

6*3 

7*4 

8*6 

9*2 

nh 4 

3*1 

5*5 

8*3 

8*5 

9*7 

10*7 

11*2 

1*2 

2*6 

4*9 

6*4 

7*5 

8*9 

9*4 





0*125 M 







0*06 M 




Control A 

0*8 

2*0 

3*1 

4*9 

5*2 

6*1 

6*9 

2*1 

4*4 

6*2 

7*7 

9*0 

10*6 

10*9 

„ B 

0*7 

2*1 

3*4 

4*8 

5*9 

6*5 

7*1 

2*0 

4*2 

6-1 

7*9 

8*9 

10*5 

11*0 

Li 

1*5 

2*8 

4*2 

5*5 

5*7 

6*7 

7*0 

1*9 

4*0 

6*3 

8*0 

9*1 

10*7 

11*2 

Na 

0*8 

2*4 

3*5 

4*9 

5*4 

6*2 

7*4 

2*0 

4*4 

0*4 

7*8 

9*0 

10*4 

10*8 

K 

0*5 

2*2 

3*1 

4*9 

5*8 

6*6 

7*2 

2*1 

4-3 

6*4 

7*6 

9*1 

10*6 

11-0 

nh 4 

0*6 

2*5 

3*2 

4*7 

5*6 

6*5 

7*1 

1*9 

4*2 

6*5 

7*8 

8*9 

10*6 

11*1 





0*03 M 







0*015 M 




Control A 

2*5 

4*4 

7*5 

9*0 

9*7 

10*5 

11*2 

2*9 

5*2 

7*5 

8*0 

9*2 

10*1 

10*7 

B 

2*3 

4*7 

7*3 

8*9 

9*5 

10*2 

10*7 

3*0 

5*3 

7*8 

8*2 

9*0 

9*9 

10*4 

Li 

2*3 

4*5 

7*9 

9*1 

9*9 

10*4 

11*0 

2*8 

5*2 

7*4 

8*3 

9*3 

10*2 

10*6 

Na 

2*1 

4*3 

7*4 

9*0 

9*8 

10*5 

10*8 

2*9 

5*5 

7*9 

8*1 

9*2 

.10*4 

10*6 

K 

2*2 

4*7 

7*8 

9*2 

10*0 

10*7 

11*1 

3*1 

5*6 

8*0 

8*6 

9*2 

10*1 

10*8 

NH,j 

2*0 

4*4 

7*8 

9*5 

9*9 

10*5 

10*9 

2*9 

5*5 

7*8 

8*5 

9*1 

10*4 

10*9 





0*008 M 










Control A 

2*0 

5*0 

7*1 

8*5 

10*4 

10*9 

11*5 








„ B 

2*3 

4*6 

6*9 

8*8 

10*5 

11*0 

11*4 








Li 

2*1 

4*7 

6*7 

8*3 

10*5 

10*8 

11*6 








Na 

2*0 

4*9 

7*1 

8*6 

10*3 

11*1 

11*7 








K 

2*2 

4*7 

6*8 

8*4 

10*4 

10*9 

11*6 








nh 4 

1*9 

4*5 

6*6 

8*4 

10*6 

11*3 

11*7 











0*008 M 


inhibitory in all concentrations from 0*5 to 0-06 if and definitely so even at a 
concentration of 0*008 if . i < • o*o M 

In Fig. 1 a series of experiments with 2 " j 

sodium fluoride in varying concentrations j • 0»008M 

shows how the inhibitory action is a function of f s 

concentration. Ammonium fluoride is more in- io - // ® 0*015 M 

hibitorv than either sodium or potassium fluor- // / , f 

ide up to a concentration of 0*03 if. Below * / / # 

this strength all three salts have an equal effect, -t 8 . / // / 

Chlorides (Table II). In concentrations of J //• / 

0*5-0*008 if the chlorides of lithium, sodium, | 7* // / J ® — • 0*06 M 

potassium and ammonium have no effect on ^ f / / / / 

the rate of lipolytic action. *| // j [j 0 * 125 /V/ 

Bromides (Table III). With a concentra- ^ / /• ^ /// 

tion of 0*5 if there is a slight depression of v / A 
rate, but from 0*25 to 0*008 if no effect can Z 4 - / °* 25 M 

be demonstrated. ~ Hifr / 

Iodides (Table IV) . As with chlorides, there 3 _ ? / /w y 

appears to be no acceleration or retardation \\f J 

of lipolytic action when iodides of lithium, 2 w/l / 0*5 M 

sodium, potassium or ammonium are added in JJ|/ 
concentrations varying from 0*5 to 0*008 if. W ^ 

Discussion. 0 20 40 60 80 100 120 

_ , , Minutes 


• 0*06 M 


„©> 0*125 M 


1 /oG 

& 


Discussion. 0 20 40 cu *w iw izu 

__ . . , Minutes 

From these results it appears that the , Sodium fluoride 0-0-3 M. 

halogen salts of lithium, sodium, potassium 

and ammonium are without effect on the rate of lipase action in concentrations 
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of O-n-0-008 M, except in the case of the fluorides. Fluorides exert a strongly 
depressant action which varies directly with concentration of salt. Ammonium 
fluoride at 0-25-0-06 if is more inhibitory than either the sodium or potassium 
salt-, hut at 0-5 M and from 0-3 to 0-008 M all three fluorides show an equal effect 

During the course of these experiments an unexpected effect of halogen salts 
on the. clotting of milk by very weak trypsin was observed. Though the proteo- 
lytic enzyme present with the lipase was too weak to show any digestive action 
on ash-protein, caseinogen or hard-boiled egg-white in five hours, yet in all the 
concentrations of ammonium fluoride, a junket was formed 15 minutes after the 
addition of 20 ml. of pancreas substance to 200 ml. mill- 

Similar thick soft clots were formed with all four salts of chlorine, bromine 
and iodine and with potassium and sodium fluorides, except that at the lowest 
concentration (0-008 if) a fine flocculation rather than complete coagulation took 
place. From these results it seems that the coagulating effect of added calcium 
salts when renmn, pepsin or trypsin is added to milk may be due to the effect of 
tlie acid radical as well as to the metallic ion. 

Further experiments on this coagulating action of the halogen salts are in 
progress. & 

Summary. 

1. The lipolytic activity of pancreas substance is strongly inhibited bv 
sodium, potassium and ammonium fluorides. 

2. This inhibition varies directly with the concentration of fluoride. 

3. Sodium potassium and ammonium chlorides and iodides show no effect 
on the rate of lipase action in concentrations of 0-5-0-008 M. 

4. Sodium, potassium and ammonium bromides depress lipolytic activity to 
0-008 if 6Xtent at a eoncentration of °' 3 M but are without effect at 0 ; 25- 

5. None of the halogen salts, in the concentrations used (0-5— 0-008 if) 

accelerated lipolytic action. h 

Research^Council ° f ^ reSear ° h Were defra y ed by a grant from the Medical 
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LX. A NOTE ON THE INFLUENCE OF p B ON 
THE ACTION OF HAEMOLYTIC COMPLEMENT. 

By THOMAS WILLIAM BRYANT OSBORN. 

From the Department of Physiology, University of the W i twaters rand . 

(. Received February 15th , 1934.) 

This problem, which is fundamental to any work on haemolytic complement, 
does not appear to have received the attention which it deserves. Fuchs [1930] 
showed that bubbling carbon dioxide through plasma for a short time (6 minutes) 
increased its complement activity, while bubbling for a longer time (30 minutes) 
decreased it. He found that the action was increased by carbon dioxide, as 
long as the reaction was alkaline or neutral to litmus and that it was reduced 
immediately it became acid to that indicator. It is now thought that C0 2 may 
have a specific effect on complement, i.e. an effect other than through p H . 
Andreesco [1930] found that anticomplementary sera had a higher alkaline 
reserve than normal. This may conceivably be the p H effect. 

Michaelis and Skwirsky [1910] used a series of mixtures of NJ1 primary and 
secondary phosphates of sodium and found that specific haemolysis had its 
optimum at a slightly alkaline reaction corresponding with that of blood. An 
increase in alkalinity retards haemolysis but not to the extent that the increase 
in acidity does. Eagle and Brewer [1929] varied the reaction of the medium 
by the addtion of Nj 7 NaOH and Njl HOI. They found the optimum reaction 
for haemolysis to be between 6*5 and 8. At 5*3 and in the alkaline range 
there is an irreversible inactivation, complete at 4*8 and 8*8 respectively. 

Unpublished observations indicate that relatively small variations in osmotic 
pressure affect the speed of complement action. It was therefore decided to 
repeat these observations with a stricter control of the osmotic pressure of the 
solution than that of previous workers. A method described by the author 
was used [Osborn, 1933]. This gives greater accuracy than the serial tube method, 
used by other observers in this field. It should be noted that this method 
measures the speed of complement action, whereas the former measures the 
end results of varying volumes of serum. 

In earlier observations an isotonic phosphate buffer was used following 
Sorensen’s method [1909] : this was discarded in favour of a mixture giving a 
wider range of p H , viz . the “universal buffer mixture” of Prideaux and Ward 
[1924], as supplied by the B.D.H. Ltd. This mixture— consisting of phosphoric, 
boric and phenylacetic acids — was made up in twice the concentration recom- 
mended by the formula, adjusted to the required by the addition of 0*4 A 
NaOH (this too, being twice the formula strength) and adjusted to approximately 
the osmotic pressure of corpuscles by the addition of water. Determinations 
of were made by means of a double hydrogen electrode and of osmotic 
pressure by measurement of the depression of freezing-point, all solutions being 
adjusted to within 0*02 % of 0*9 % NaCl. 

In deter min ing the speed of complement action (3*5 — a*) volume of buffer, 
x volumes of diluted serum and 0*5 volume of a 3 % suspension of sheep’s 
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^1 th 6 units of amboceptor were mixed and placed in a 
bath at 37 and the time for the complete haemolysis of the corpuscles was 
measured Several different samples of guinea-pig’s serum were used in varying 
concentrations The guinea-pig’s serum and the sheep’s corpuscles were supiSed 
by the S. A. Institute for Medical Research; the details of the preparation of the 
latter have been described previously [Osborn, 1933], 

]? xan ) 1 ] P Ies ° f tlle faults obtained, giving the extreme eases, are recorded 
graphically m Fig. 1. It will be seen that the optimum is in the region of 7-5 


Fig. 1. Showing variation of speed of complement action with 


: r “i position ot tile optimum point and the exact shape of the 

t™ 7 y 6 “nf TZ b , Ut ,T e - in Sh ° Wing S ° me de ^ ee of ^wing be? 

tween p H 0 and /, and a marked slowing m the region of n fp* ™ ® , 

side, and a slowing between p H 8 and 9 and complete inhibition at v 9-7 on 
the alkaline side. These results are in accordance with those of Michaelis and 
Skwrrsky [1910] and Eagle and Brewer [1929] It is unlikelv that mr> 

«te„t results trill be obtain*!, until it ii poSb "to 

complex from the other constituents of the serum. complement 

Several interesting facts were observed in the course of this work The 
buffers themselves retarded haemolysis, for the optimum time with a 
was at least twice that with normal saline. This retarding influence is common 

tolveTl" ?i nd °FT i0nS - ^ n P u bbshed observations.) 
trated b!t?w TJTlu h ° alkahne range with borate buffers was frus- 

soSTb 10 ^ 00 ^^ 011 Mld ^PPoars at about ITffSl of 
sodium chloride and other ions protects the corpuscle from this haemolyis 

’5SSiK?Ss 


425 


HAEMOLYTIC COMPLEMENT AND 

The author wishes to express his indebtedness to Dr Buchanan of the S.A. 
Institute for Medical Research for the supply of guinea-pig’s serum and sensitised 
sheep’s corpuscles. 
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LXI. THE ACTION OF THE CINCHONA AND 
CERTAIN OTHER ALKALOIDS IN 
BIRD MALARIA. II. 

By GLADWIN ALBERT HURST BUTTLE, 

THOMAS ANDERSON HENRY and JOHN WILLIAM TREVAN. 

From, the Wellcome Chemical Research Laboratories, London, and the 
Wellcome Physiological Research Laboratories, Beckenham, Kent. 

(Received February 16th , 1934.) 

In the previous paper [Goodson et al, 1930], it was shown that Roehl’s method 
of investigating the relative therapeutic efficiencies of antimalarial drugs bv 
trial m bird malaria might prove sufficiently delicate to show quantitative 
differences m action between the eight principal alkaloids of cinchona bark 
viz. ^qumme, Z-cmchomdme, d-quinidine, d- cinchonine (which may conveniently 
be called the s primary cmehona alkaloids) and the reduction products yielded 
by each of these four bases. In these reduction products the vinyl side-chain 

deXf+r f ka 0ld 18 redu f d to an ethyl group: they are therefore dihvdro- 
ei natives and are so named tliroughout this paper. Commercially they are 
known as hydroqunnne, hydro cinchonine, etc ‘ ^ 

11 The determination of the relative antimalarial values of the several cinchona 
alkaloids has now assumed greater practical importance owing to the intro 
duetion, by the Health Organisation of the League of Nations, of “totaquina ” 
a product designed as an economical substitute for quinine in the mass treatment 
of indigent, malarial populations. ^Totaqiiina 5 ’ is defined [Malaria Commission 
League of Nations, 1931], as a mixture of cinchona alkaloids containino- a 

aQd 1° % ° f C y staUisable ^nchona alkaloids, 
Td 5 % of aT % am0rphoUS cmcllona haloids, 5 % 0 f moisture 

This innovation based on the view that there is not a great deal to choose 
between the crystalline cinchona alkaloids as antimalarial drugs, does not meet 
with universal acceptance among malariologists, but the opinion of the maioritv 

is probably not unfairly represented by the following quotation: J 

u i -j ? 1S n ° conclusive evidence to show that any one of the crvstallisable 
alkaJoids is so markedly superior to any other as to justify its exclusive use in 
ordinary cases of malana m preference to any other, takiim into account" the 
shortage of these alkaloids and their cost” [Sinton, 1930]. & 

, , TllC m . 13givingS , aroused b y Proposals to substitute for quinine any one of 

of ' bt 

sur ce pomt qui est, pensons nous, universellement adhnis. 

f Q r u s f ° nd beud etait neeessaire de donner des preeeptes nets au suiet de la 
fa§on dont ces alealoides doivent etre appliques pour dormer le degre de securite 

II ffitrettbt^ P v UU 6mpl0i Presqu’un sihcfeSe la “ e 

iallait etabhr (a) a queffes exigences de purete le s nouveffes preparations a 
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introduire doivent satisfaire et quelle doit etre leur composition et (b) quelle 
est la dose a laquelle il faut les administrer pour le succes soit assure 55 [Van der 
Sleen and Drossart Lulofs, 1931]. 

Tlie definition of “totaquina” allows considerable latitude in the relative 
proportions of the various cinchona alkaloids present, and in consequence there 
is much variation in this respect in commercial “totaquina,” as the following 
analyses show : 

Table I. Composition of “ totaquina 



Type I 

Type II 

%t 

Type III 
0/ * 

,o 


O' * 

/o 

Quinine 

32-5 

15*3 

17*0 

Cinchonidine 

34-2 

5*7 

24-0 

Quinidine 

— 

5*2 

10-0 

Cinchonine 

20-1 

55*4 

230 

Total crystallisable alkaloids 

86*8 

81*6 

74-0 

Amorphous alkaloids 

9-9 

13*4 

17*0 

Moisture 

2-6 

1*9 

5-0 

Ash 

0-2 

2*1 

4-0 

* Manufacturer’s analysis. 

f Analysis 

by Mr J. A. 

G-oodson. 


It is obvious that if there is a marked difference in the action of, say quinine 
and cinchonine, the therapeutic values of “totaquina” of types I and II will 
be different and some evidence for this view has already been brought forward 
as a result of trials of these two types in bird malaria [Giemsa, 1932] and in 
human malaria [Malaria Commission, League of Nations, 1933]. 

It appeared to the authors that definite quantitative evidence on this matter 
could best be obtained by comparative trials of pure specimens of the individual 
alkaloids in bird malaria. 

The four primary cinchona alkaloids have been purified by processes de- 
scribed later, and a method of controlling these processes, so far as the ehmination 
of the dihydro-bases is concerned has been devised. From the primary bases 
the pure dihydro-bases have been prepared by catalytic hydrogenation. As 
there was no certainty that any of these eight alkaloids had been obtained 
pure previously the principal constants of each have been determined and are 
recorded and compared with the best of the known previous determinations in 
Tables II, III and IV. 

The biological trials gave results which are summarised in Table A. The 
figures represent the dose of quinine necessary to produce the same amount of 
protection as unit dose of the other alkaloids. The figures are only approximate, 
but the authors think that {a) the distinction between quinine and dihydro- 
quinine is certain, (6) that dihydroqumidine, cinchonidine and quinidine are 
definitely less active than quinine and (c) that dihydrochichonine and dihydro - 
cinchonidine form a group of much lower activity than any of the others. The 
samples of quinidine and cinchonine used were not the purest available; the 
quinidine contained 1*8 % of dihydro quinidine and cinchonine 1*4 % of dihydro - 
cinchonine. Trials with pure alkaloids were spoilt by the outbreak of a B , gaertner 
epidemic in the stock of canaries, but it will be seen that the removal of these 
amounts of the dihydro-alkaloids would not affect the order of activity given 
in the table. 

It is not claimed that the order in which the drugs are arranged in this 
table necessarily represents the order of antimalarial activity in man. But it is 
logical to assume that, if the alkaloids differ so much in their activity on the 
parasite experimented with, they will not be of equal therapeutic value in man. 
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The final decision as to which is the most active must rest on clinical evidence 
which is notoriously difficult to assess. It is however, with the present evidence' 
unjustifiable to assume that all the crystallisable alkaloids are of equal value 

The same order can be deduced from the results of previous workers [Goodson 
et al., 1930 ; Giemsa et til., 1926 ; Giemsa and Oesterlin, 1933] except as regards 
quinidine. Goodson et al. [1930] obtained results, which suggest that quiifidine 
has a higher activity than that now assigned to it. The number of birds on 
which quinidine is given its place, is small, owing to the fact that some died 
during the experiment. It is probable that 5 mg. daily is too toxic a dose for 
quinidine, though the large majority of canaries survive these doses of the other 
alkaloids. In this respect our canaries are less sensitive than those used by 
Giemsa. The apparent difference cannot be explained by any difference in purity 
of the alkaloids used. The point is however being further investigated together 
with the proper place of cinchonine. 

The effect of hydrogenation is astonishingly different for different alkaloids 
Tor quinine and possibly quinidine, hydrogenation increases the activity; for 
cinchonine the effect is probably to diminish the activity. No possible explana- 
tion can be offered and yet another instance of lack of correspondence between 
biological activity and chemical structure must be left on record. 


Table A. 


Diliyclroquinine 

Quinine 

Diliydroquinidine 

Cmckonidine 


1-2 

1 

05-1 
About 0*5 


Quinidine 

Cinchonine 

Dihydrocinchonine 

Dikydrocinehonidine 


About 0*5* 
Less than 0-2 


* Further experiments with the pure alkaloids suggest that this is an overestimate rather 
than an underestimate of the relative activity of quinidine. 

. Modified cinchona alkaloids. In the previous paper it was shown that although 
quitenine is itself inactive it recovers antimalarial activity on esterification; 
this activity is slight for the methyl and ethyl esters and only becomes well- 
marked in the butyl and amyl esters. Observations with two of these esters 
have been repeated with the results recorded in Table B, which are given in a 
form readily comparable with those of Goodson et al. 

. J h ® se results are interesting in two ways ; (1) they are both positive, whereas 
m the former more extensive series negative results were occasionally obtained 
with each substance; (2) the improvement in activity from ethyl to amyl is not 
so well-marked as in the previous experiments. These alkylquitenines are some- 
what readily hydrolysed, and it is suggested that the ‘apparent variation in 
antimalarial activity is caused by varying capacity for hydrolysing the drugs 
shown by different canaries. Less variable results would probably be obtained 
by intravenous injection, a method not well suited for use with, canaries 

Certain of the cinchona alkaloid “chlorides” being available for other pur- 
poses the opportunity was taken to try them in bird malaria. Quinine chloride, 
dmydroqumine ohloride and cinchonidine chloride all proved inactive in six 
daily doses of 5 mg. as was to be expected from the recorded inactivity of 
quinine chloride [Giemsa et al., 1926], It is however of interest to note that 
whilst m the authors experiments no difficulty was experienced in giving doses 
of 5 mg. of these chlorides, Giemsa was only able to give 1-5 mg., a further 
example of variability m canaries. The disappearance of activity as a result of 
replacing the -CHOH- group by -CHC1- is a striking example of the im- 
portant part played by this group in this set of alkaloids, activity disappearing 
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on its conversion into —CO— (quininone), — CH 2 — (desoxyquinine), :CH— 
(quinene) or — CH.OAc — (acetyldihydroquinine) [Giemsa and Oesterlin, 1933] 
and no change so far effected lias left the activity unimpaired. 

Table B. 

Daily doses 
< ‘ ^ 

( Quantity Retardation 

Substance No. nig. days 

Ethylquitenine hydrochloride 655 

iso-Amylquitenine dihydrochloride 606 

The authors desire to place on record their indebtedness to Prof, van der 
Sleen of the Kina Bureau, Amsterdam, for information on a number of technical 
points connected with the analysis of cinchona alkaloids. They also owe thanks 
to Mr W. Solomon, B.Sc., for the preparation of the three cinchona alkaloid 
chlorides mentioned, to Messrs A. C. Camfield, E. M. Gibbs, and N. J. G. 
McLaren for much patient work on the fractionation and biological tests of the 
alkaloids, and to Messrs A. Bennett and H. C. Clarke for the micro-analyses. 

Chemical section. 

Crystallisable cinchona alkaloids. The impurities in commercial samples of 
the primary cinchona alkaloids are of two kinds. Each alkaloid contains its 
own reduction product, which in the case of quinidine is now shown to be 
present to the extent of 20 % and may be as high as 30 % [Dawson and Garbade, 
1930], while cinchonine usually contains about 14 % of dihydrocinchonine. 
These remarks apply to well- crystallised specimens of these alkaloids, usually 
accepted by chemists and biologists as pure owing to their constancy of melting- 
point and optical rotation. The amounts of dihydro-bases in quinine and ein- 
chonidine are much less but are not negligible. The other type of impurity is 
due to the difficulty of completely separating the components of each of the two 
similarly optically active pairs from each other, i.e. cinchorddine and quinine 
usually contaminate each other, as do quinidine and cinchonine, but com- 
ponents of the laevorotatory pair are not usually found in those of the dextro- 
rotatory pair and the converse is also true. 

The purification of any one of the four primary alkaloids thus involves two 
steps: (1) the removal of the second component of the similarly optically active 
pair, e.g. cinchonidine from quinine and vice versa , and (2) the elimination from 
each alkaloid of the dihydro-base, which naturally accompanies it. 

Much w r ork has been expended in attempts to prepare each of the primary 
cinchona alkaloids in a pure state, but only two of the numerous papers on this 
subject need be referred to here [Tutin, 1909; Emde, 1932]. Tutin prepared 
pure quinine by repeated crystallisation of the acid sulphate, but was unable 
to prove that it was free from dihydro quinine. This proof is now supplied. 
Emde set out to prepare all eight alkaloids in a pure state, specially recommending 
for this purpose crystallisation of the dihydrobromides, but he did not prove 
the absence of the dihydro-bases from his final specimens of the four primary 
alkaloids. 

In the course of the present investigation, pure specimens of each of the 
primary alkaloids have been prepared, the chief criteria of purity adopted (apart 
from well-known specific tests, such as fluorescence, methoxyl determinations 
and the thalleioquin reaction) being (a) agreement of the “found 55 and “calcu- 
lated 55 values for hydrogen absorbed, by the conversion of the vinyl group into 
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an ethyl group, under standard, quantitative conditions, as proof of the absence 
of dihydro-bases and (h) constancy of optical rotation of the base and its salts, 
when expressed on a uniform basis and taken under standard conditions. The 
chief effects of this purification are to remove quinine from “cinchonidixie 5 ’ 
and quinidine from “cinchonine/ 5 and to eliminate large quantities of dihydro- 
bases from what have hitherto been commonly regarded as pure cinchonine 
and pure quinidine. From the pure primary alkaloids the corresponding dihydro- 
bases have been made by catalytic hydrogenation. 

The chief constants of the eight pure alkaloids so prepared are recorded in 
Tables III and IV. 

Though numerous determinations of the specific rotations of the cinchona 
alkaloids are recorded, they are for such varied concentrations and solvents", 
that it is not practicable to use them for comparative purposes. The authors 
have however repeated their determinations for the dihydrobromides of all eight 
alkaloids, under the conditions used by Erode in order to establish a more 
exact comparison with the results of that author. These comparative results 
are given in Table II. 

Table II. Specific rotations of dihydrobromides of cinchona alkaloids. 

[a] i, recorded by 


Salt used 

(anhydrous 

salt) 

Solvent 

Emde 

Present- 

authors 

B.2HBr, 3H 2 0 

3*5194 

Water 

- 181*04°* 

- 184*4° 

B.2HBr, StfO 

3*902 

Water 

- 152*7 

- 153*2 

B . 2.HBr, 2H;G 

4*2575 

Water 

-112*5 

-111*4 

B . 2HBr, 2HoO 

2* 0828 

Water 

- 91*9 

- 90*6 

B . 2HBr, 3H 2 0 

3*6163 

Water 

+ 209*5 to 

+ 219*2 

B.2HBr, 3H 2 0 

3*6628*1* 

Water 

+ 210*7 
+ 196 

+ 197*5 

B.2HBr 

4*2355 

+ HBr 
Water 

+ 163*2 

+ 166*6 

B.2HBr 

5*0233 

Water 

+ 142 

+ 143*1 

183-6° for c 3-9363. 

ninations: c = 3-8491 to 3*6836 

and [«]«*** 

= 193-2 to 197-6°. 


Base 

Quinine 

Dihydroquinine 

Cinchonidine 

Dihydrocinelionidine 

Quinidine 

Dihydroquinidine 

Cinchonine 

Dihydrocinelionine 

* Emde gives [a]‘J" 


It will be seen that the two sets of figures are in good agreement so far as 
cinchonidine and the four dihydro-bases are concerned, the differences ranging 
from 0*5 to 1*5, which are not greater than might be expected from two workers”, 
making observations on the same substance. "With quinine the difference amounts 
to 3*36°. Emde purified his quinine, first as the acid sulphate and finally as the 
dihydrobromide and there can be no doubt as to its purity. It is suggested that 
his lower specific rotation may be due to incomplete drying. Thus, he describes 
quinine dihydrobromide as a dihydrate, but the present authors found that the 
loss on drying at 120° in vacuo in seven samples varied from 10*12 to 10*86 % 
(average 10*37 %). The loss calculated for a trihydrate is 10*0 % and for a 
dihydrate 6*9 % . , 7 

In the case of cinchonine the difference is 3*4°. In this instance the salt is 
anhydrous and the higher figure now recorded is doubtless due to the complete 
elimination of dihydrocinchonine. Assuming this, the lower figure recorded by 
Emde corresponds to a cinchonine containing 14*3 % of dihydrocinchonine, which 
is close to the figure 15*1 % now found (p. 437) for commercial cinchonine after 
re crystallisation from alcohol until free from quinidine. 

.The figures for quinidine show the largest difference 8*5 to 9*7°. Emde found 
quinidine dihydrobromide to be a dihydrate whereas the present authors found 
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it to be a trihydrate. It is possible that in this case also Rmde’s lower figures 
are in part due to incomplete drying. Assuming that Einde really used a 
monohydrate instead of the anhydrous salt for his determination, his figure 
would be raised to +217*9°, which on the basis of the present authors’ results 
would correspond to quinidine containing 6 % of dihydro quinidine. This calcu- 
lation assumes that the change in rotation due to dilution is the same and 
remains constant for quinidine and dihydroquin idine dihydrobromides. This is 
approximately true so far as the dilutions from M\ 10 to ilf/40 given in Table III 
are concerned, the two figures being 3*7 and 3*9°. The same assumption is made 
in the calculation for cinchonine given above and in this case the difference due 
to dilution of the dihydrobromides from ilf/10 to if/40 is 2*6° for both cinchonine 
and dihydrocinchonine . 

Two further comparisons are possible with the results recorded in Table III. 
The Dutch Pharmacopoeia permits a range of —17*7° to —18° for the observed 
rotation of if/10 solutions of quinine and its salts taken under specified con- 
ditions as to solvent and temperature. Under these conditions Mj 10 solutions 
of the quinine salts described in Table III gave the following results : mono- 
hydrochloride -—18*06°; neutral sulphate —18*095° and acid sulphate —18*085°. 

Realising the lack of any method of eliminating the large quantity of di- 
hydro quinidine present in ordinary quinidine, a successful attempt was made 
recently [Butler and Cretcher, 1933] to prepare pure quinidine by re-arrangement 
of quinine [Rabe et al. , 1932], The yield was apparently small The product had 
[a]^ + 323*8° (c — 2 in 1*8 % HC1). The pure quinidine used in the present investi- 
gation had [a]# + 323*1° observed under the same conditions. 

The specific rotations, calculated as base in Tables III and IV, bring out the 
interesting point that all eight alkaloids in the form of dihydrobromides show 
a lower specific rotation in if/10 than in if /40 solution in water. It has not 
been possible to extend this comparison to other acid salts of all eight bases 
owing to the d iffi culty of getting satisfactory preparations of the complete series ; 
the acid sulphates, for example, are too soluble to yield good preparations in 
some instances unless large quantities of the pure bases are available, and in 
other cases they cannot be dried completely without decomposition. It is 
however of interest to note that whilst quinine acid sulphate, like the dihydro- 
bromide, shows a higher rotation at iY/40 than at Mj 10, cinchonidine acid 
sulphate shows the same specific rotation at both concentrations. Determina- 
tions of p K of these solutions, for which the authors are indebted to Mr C. G. 
Pope, throw no light on these differences. Anomalies of this kind in connec- 
tion with the optical rotation of cinchona alkaloids have long been recorded 
[Oudemans, 1876] and have frequently been investigated, but so far no satisfac- 
tory and final explanation of their occurrence has been given. 

Preparation of the drugs. 

Separation of the primary alkaloids. It is easy to detect mere traces of quinine 
in cinchonidine, or of quinidine in cinchonine by the fluorescence of solutions 
in dilute sulphuric acid; and in purifying cinchonidine and cinchonine, each 
base was crystallised until a 1 % solution in Nj 10 sulphuric acid examined in 
bright, diffused daylight in a 2 dm. polarinxeter-tube, showed no greater in- 
tensity of fluorescence than a 1 in 1,000,000 solution of quinine or quinidine re- 
spectively, examined in like manner. Under these conditions the fluorescence of 
quinine is just visible at 1 in 2,000,000. 

The inverse operation, viz. the detection of cinchonidine hi quinine has been 
much investigated, and in practice there are two methods in use, viz. the 

28—2 


432 G. A. H. BUTTLE, T. A. HENRY AND J. W. TREVAN 

ammonia test, which probably does not detect less than 2 % of cinchonidine 
and the polarimetric test, which is of no value for the present purpose, since 
quinine is contaminated not only with cinchonidine, but also with the optically 
active bases, dihydroquinine and dihydrocinchonidine. Cinchonidine is less 
soluble in benzene than quinine, whilst its acid salts are more soluble in water 
than those of quinine: there is no reason to doubt that by rejection of appro- 
priate fractions in fractional crystallisation from such solvents the small amount 
of cinchonidine in commercial quinine is eliminated. 

The detection of cinchonine in quinidine is also difficult; there is a con- 
siderable difference between the optical rotations of the two alkaloids, but there 
has been until now no method of distinguishing between cinchonine and dihydro- 
quinidine as the cause of low rotation in commercial quinidine. Cinchonine is 
less soluble hi alcohol than quinidine and, it is shown later (p. 434) that it can 
be eliminated from crude quinidine by recrystallisation from boiling alcohol, 
the fust fractions being rejected and any traces that escape in this process benm 
left in the mothei -liquors in the final fractionation, cinchonine dihydrochloride 
being much more soluble in water than quinidine dihydrochloride. 

Elimination of dihydro-bases. The second group of impurities consists of the 
naturally-occurring dihydro-alkaloids, each primary alkaloid being accompanied 
by its own reduction product. The vinyl group in each of the parent bases is 
readily oxidised to a carboxyl group by permanganate, while the reduced bases 
are relatively stable to this reagent, and this method has hitherto been used 
both for the isolation of these dihydro-bases and for their estimation. Since the 
dihydro-bases are only relatively stable to permanganate, such a method can 
meie y give approximate results and for the detection and estimation of the 
dihydro-bases, the authors have used a new method, viz. catalytic hydrogena- 
tion m an apparatus designed for quantitative work [Paget and Solomon, 19321. 
lhe errors in such a determination are estimated not to exceed + 1 %, and a 
primary cinchona alkaloid has been regarded as free from its dihvdro-base when 
it absorbed 99-5 to 100-5 % of the quantity of hydrogen required to convert the 
vinyl group into an ethyl group. Colloidal palladium on barium sulphate or 
ams s p atinic oxide has been used as a catalyst, the former being preferred 
as *. * s J ® ss liabIe to form colloidal solutions from which the reduction product 
is difficult to recover. For the estimations, 0-4 to 0-5 g. of the base or one of 
its salts dissolved m 10 ml. of Y/10 sulphuric acid, containing 0-05 g. of palla- 
dised barium sulphate, is exposed to hydrogen with constant, vigorous me- 
chamcal agitation Absorption is rapid during the first half hour and finishes 
m about 2 hours after which it is taken as complete if, during a further 2 horns, 

r g V Q volume of is not greater than 0-1 ml. If, after this point is 
^ le , ac ion is continued, there is a slow absorption of 0-2 to 0-5 ml. per diem 

Km fh 0l - 0 ^ ie vei y sbw formation of more highly hydrogenated bases, 

formS^ 1 f n? Poetical difficulty in determining the point at which rapid 
l w ■ ^ r™ 0 , e u * S com P^ e * e an< l tbe second very slow absorption 

hv^rno-p n or hydrogen absorption given below are corrected for 

absorbed by the catalyst, which must be determined by blank experi- 
menus on each, new batch of catalyst made. 

sam l^ es of dihydro- bases used were made by catalytic hydrogena- 
ha qpq Qol m f llier ? primary alkaloids and were crystallised as 

to fhp ° C01 4 S rotation. As so much attention has been given 

fu* ■ ^ ngana e est for the dihydro -bases, it was thought desirable to use 

Staton oSw? 1 f S \^ Uantitative For that purpose, 5 ml. of a 2 % 

tion of the dxhydro-base m water containing 0-3 ml. of N sulphuric acid was 
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treated with 0*5 ml. of N/5 0 potassium permanganate. The colour disappears 
in not less than 10 minutes with all the dihydro -bases except dihydrocinchonine, 
which discharges it in 30 seconds. The specific rotations of the pure bases and 
their salts are recorded in Tables III and IV. It is well known that in this series 
the specific rotation varies with the nature of the solvent and the concentration 
of the solution. As the authors had to make extensive use of polarimetric 
observations to follow the course of crystallisation in the final purification of 
the alkaloids, they found it convenient to use Mj 40 solutions of any salt selected 
for this purpose, since the series of readings were then directly comparable 
without calculation. The figures recorded for [oc] D in Tables III and IV are in 
all cases for if/40 or Mj 10 solutions of the dry salt or dry base in water or 
0-1 N acid, usually 0*1 N sulphuric acid. 

Additive compounds of cinchona alkaloids with metallic salts. The elimination 
of the dihydro-bases from quinine and cinchonidine is easy, and from cinchonine 
and quinidine slow and laborious. In the hope of improving it numerous salts 
and derivatives were tried. Quinidine sulphate argentonitrate, B 2 .H 2 S0 4 , AgN0 3 , 
proved useless, because it could not be recrystallised without decomposition. 
The zinciclilorid.es of the type B . (HC1) 2 , ZnCl 2 , can be recrystallised, are easily 
purified, and the alkaloids are readily recoverable from them, but they are 
formed with equal facility and are of similar solubility with both the parent 
and the reduced bases and are therefore of no value as a means of separation. 
When this work was almost completed, a paper was published [Cohen, 1933] 
describing the specific precipitation by cupric chloride of cinchona alkaloids con- 
taining the vinyl group, and making the statement that “no complex salts are 
precipitated when the corresponding dihydro-bases are treated with cupric 
chloride under exactly the same conditions, even after several weeks at — 4°.” 
As the euprichlorides are represented by the formula B. (HC1) 2 , Cu01 2 , which 
is strictly analogous with that found for the zincichlorides, it seemed curious 
that this specificity should be exhibited by cupric chloride and not by zinc 
chloride. The behaviour of cupric chloride with commercial cinchonine and 
commercial quinidine was investigated carefully and it was found that the 
euprichlorides did, in fact, effect a partial separation of the dihydro-bases. The 
resulting fractionation showed clearly that the diliydro-bases must form in- 
soluble euprichlorides and, on trying the experiment, no difficulty was ex- 
perienced in preparing euprichlorides of all four diliydro-bases, except in the 
case of dihydro cinchonidine, where the additive compound is readily soluble .in 
cone. HC1 at atmospheric temperatures and when prepared in small quantities 
is best manipulated in a cold room. 


In the following account, the melting-points quoted are corrected; the combustion results are 
for material dried at 120° in vacuo unless otherwise stated and were obtained by micro-analysis. 

Quinine. The material used consisted of base prepared from commercial quinine sulphate. 
It had [a] 1 / - 280*7° (c = Jf/40 in iV/10 H 2 S0 4 ) and hydrogen absorption 94-7 % . It is known that 
cinchonidine can be eliminated from quinine by repeated crystallisation of the acid sulphate 
[Tutin, 1909]. The authors have found that quinine purified in this way is also free from dihydro, 
quinine, as indicated by its absorptive capacity for hydrogen. Purification can also be effected 
by crystallisation of the dihydrobromide [Emde, 1932]. The quinine acid sulphate was prepared 
by repeated crystallisation (five or six times is usually necessary) from hot water (1 in 7 to 8) 
until the rotation became constant. It was then recrystallised in three fractions, for which [«] 7> 
showed the narrow range -216*1° to -217*0° (c=i¥/40 in water); the hydrogen absorption, 
for which the middle fraction was used, was 100*1 %. The dihydrobromide was prepared by 
recrystallisation from hot (43°) water (1 in 3 to 4) with the same precautions as the acid sulphate: 
the range of specific rotation for the three final fractions w^as - 189° to - 189G* and°, the hydrogen 
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absorptions of the middle fractions were 100-8, 101-5 and 101 -6 % (hydrogen absorptions by quinine 
dihydrobromide were generally high). The neutral hydrochloride and sulphate, made byneutralisin* 
pure qumme base with the appropriate acid, were recrystallised from hot water containing a 
trace of the appropriate acid to avoid any risk of inclusion of free base, which accounts for the 
ingfo rotation shown by some specimens of neutral quinine salts. 

Constants for the pure base and salts are given in Table III. 

Dihydroqum me. The base, prepared by hydrogenation of pure quinine was crystallised from 
lot benzene, or as the neutral sulphate or the dihydrobromide from hot water/ Constants for 
these three preparations are given in Table III. 

Dihydroquinine cupricMoride. Dihydroquinine (5 g.) was dissolved in cone. HC1 (8 ml.) and 
cupric chloride (5 g.) in cone. HC1 (8 ml.) added: the mixture was kept at 7° for 24 hours but 
nothing separated. The side of the beaker just under the surface of the liquid was then rubbed 
vigorously with a glass rod for 5 minutes. A yellow streak appeared and in 20 minutes the liquid 
had set to a semi-solid, crystalline magma. The crystals were filtered out on Whatman filter-paper 

Sparingly With COne ’ HC1 and dried in a vacuous desiccator over soda lime- 
wt. /-O g. The product was recrystallised from 14 ml. hot cone. HC1; wt. 3-9 g. It crvstallised on 
the sides of the container in silky, cushion-like masses of golden-brown needles, m.p. 204° Idecomn 1 

oTt 5 ' 22; * 5 ' 26; C1 ’ 2660; Cu ’ U - 68 %- C 20 H m O 2 N 8 -2HC1,CuC 1 requhes: 

C, 44-98; H, 5-28; N, 5-25; Cl, 26-57; Cu, 11-9 %.) , 

Dihydroquinine zincichlorkle. C 20 H 20 O 2 W2HCl, ZnCl 2 . The base (5g.) dissolved in cone. HC1 
(8 ml.) was mixed with zinc chloride (12-5 ml. of 40 % solution in cone. HC1). Crystallisation 
began almost immediately, and the product was isolated in the same way as the euprichloride. 
Iield 6-9 g It crystallises from hot water (1 in 5) but shows a tendency to separate as an oil 
which can be corrected by the addition of a little alcohol; also from hot 50 % alcohol or from hot 
cone. HGl m masses of colourless, flattened prisms, m.p. 257°; froths 262°. (Found: C 45 . 19 . 
H, 5*43; K, 5-28; Cl, 26*35; Zn, 12*20 %. Calc. : C, 44*82; H, 5*27; N, 5*23; Cl, 26*48; Zn, 1.2*22 %.) 

Quinidine. The qninidine base used had [a]f + 324-3° (c =31/40 in X / 10 H„S0 4 ) and hydrogen 
absorption 77-9% indicating the presence of 22-1 of reduced bases, chiefly dihydroquinidine. 
Alter recrystallisation from boiling alcohol, the first fraction (about 10 %) being rejected, it had 
T" + f 3 ; 5 ° and Mrogen absorption 76-4 %; these slight changes are accounted for by removal 
o cinchonine. The . hydrogen absorption could not be raised by crystallisation of either the base 

tevef 1 y r ° mide fr0m water> but the 4ihydrochloride (1 in 1 in hot water) 

proved suitable for this purpose, the less soluble fractions being richest in quinidine, as indicated 
ymcreasmg rotation and hydrogen absorption. Three such crystallisations give a yield of about 
' o y wei gkt of the starting material, and raise the hydrogen absorption to 90 % . This pro- 
ce ure answers well until a product having hydrogen absorption 98-0 to 98-5 % is reached. At 
us stage crystall^ation from weaker solutions (1 in 3) ensures more rapid purification. At the 
first pomt at which approximate purity is reached, the yields are about 2-75 % of material with 
y rogen absorption 100-6 % and about 7-5 % showing hydrogen absorption from 98 to 99 %. 
frartirmnt “T* of attem P ts to find a derivative of quinidine, which would expedite the tedious 
dihvZcilnrfd! n r MCeSSary f PedalIy “ the Iast sta « es of Purification by means of the 
tm eZmZd!’ COmpOUndS ° f the aIbaloid "^ate and with zinc chloride 

Quinidim argentomtrate*. Two silver nitrate addition products of quinidine are known one 
SuTdecomn ? m " la f ’ W. [Stdnhouse, 1864], which cannot be reorystailised 
lZd L r, T P Z n ’ “ d a Se ° 0nd ’ ° btained aS a crystalline P^cipitate when silver nitrate is 
of thrilZ :° 1Ut r ° f r nidine SuI P hate ' ^ « a test for quinidine, the origin 

It ^ piepTed bT IV n<>t q em “ d the natUre of the P reci Pitate appears to be unknown. 

acid solution Z „ h § fr" " S ° luti ° n (5mL of 50 %> to a filing, aqueous, faintly 
ae d solution of quinidine sulphate (5 g.). As the solution cooled, colourless needles of quinidine 

citliniro S iT 6 deCOm P° sition fr om boiling 50% alcohol in colourless needles 
^ontong 2H a (Loss at 120° ,» we*, 3-9: calc. 3-7 %.) m.p. 213° (decomp.). (Found: C, 51-3; 

C, 5 52*3 * H 5*4* N 7*6*TYT ^ ^ ^ ^ 2 o H 24°2N 2 ) 2 .H 2 S0 4 , AgNO s requires: 

9 9 e 9 3*49%.) The carbon determinations were per- 
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sistently low in recrystallised specimens, owing to the slight decomposition observed on re- 
crystallisation, but there can be little doubt that the substance is correctly represented by the 
formula given. The “ quinidine ” recovered from the silver nitrate compound absorbed 81-1 % 
of the calculated amount of hydrogen, which is only a slight improvement on the original figure 
of 78 %. 

Quinidine zincichloride. This was made by the usual method (p. 434) using quinidine 1 in 5 
and zinc chloride 1 in 3 of cone. HG1. It crystallises from hot water or 50 % alcohol but best 
from hot cone. HCi (1 in 3) when it forms much-twinned colourless prisms, M.r. 242° (decomp.). 
In the following analyses the two figures for each constituent are for material crystallised from 
cone. HCI and water respectively and dried at 120° in vacuo. (Found: C, 44*98, 45*0; H, 5*13, 5*10; 
N, 5*32, 5*49; MeO, 6*02, 6*23; Cl, 25*9, 25*48; Zn, 12*5, 12*4 %. C 20 H 2l O 2 N 2 .2HCl, ZnCh requires : 
C* 44*9; H, 4*87; N, 5*25; MeO, 5*8; Cl, 26*5; Zn, 12*2%.) This is the formula adopted by 
Stenhouse for what was undoubtedly the same substance and the foregoing confirms and extends 


his description. 

Quinidine cuprichloride. In view of the claim [Cohen, 1933] that the vinyl-containing cinchona 
alkaloids form solid cupriehlorides whilst the diliydro-bases do not, this method was tried on 
quinidine. The “quinidine” \vas not recovered by Cohen’s method of removing copper as the 
sulphide but by the simpler process of dissolving and thereby decomposing the cuprichloride in 
cold water and pouring the filtered solution into excess of ammonia solution, when the base is 
precipitated and is readily filtered and washed free from the ammoniacal copper solution. The 
following is a typical result of a close imitation on a larger scale of one of Cohen’s experiments 
with the modification just referred to, starting with a “quinidine” fraction having a hydrogen 
absorption of 51*6 %: Cohen used a mixture, quinidine -dihy dr oquinidine (1:1). 

The “quinidine” (11 g.) was dissolved in cone. HCI (40 ml.) and cupric chloride (11 g-) hi 
36 ml. hot cone. HCI added. On cooling, the orange-coloured crystalline cuprichloride separated 
and was collected, dried overnight on a porous tile and finally in a vacuous desiccator over 
soda lime for 48 hours. Yield 11 g. A filtered aqueous solution of the cuprichloride (3 g. in water 
30 ml.) was run into solution of ammonia (10 ml. cone. NH 4 OH with water 30 ml.) and the pre- 
cipitated base collected, thoroughly washed and dried in a vacuous desiccator. Yield 1*97 g. 
It absorbed 67*5 % of the calculated amount of hydrogen, i.e. an improvement of 15*9 %. In 
other trials with varying amounts of hydrochloric acid as solvent such results as the follow ing 
were obtained; the figures are the hydrogen absorption values % of (a) the “quinidine” used, 
and (h) the recovered “quinidine.” 


(a) 77*9 

(5) 91*0 


77*9 86*6 

88*0 88*7 


78*6 80*4 

80*4 88*1 


88*1 95*8 

95*8 98*0 


The method has obvious possibilities and by combining it with the present authors method 
re crystallisation of the dihydrochloride — it is possible to obtain the latter in a pure state. The 
remainder of the “quinidine” cuprichloride (8 g.) prepared from the 51*6 % “quinidine refer rec 
to above, was recrystallised from hot cone. HCI (1 g. in 3 ml.) and the whole of the crop (4 6 &*) 
ground in a mortar with water (9 ml.). Under these conditions the cuprichloride decomposed, 
and part of the quinidine dihydrochloride formed crystallised out. This was collected and without 
washing or drying was converted into base as already described. Yield 2*15 g. This absorbed 
85*2% of the calculated amount of hydrogen, an improvement of nearly 34%. Still better 
quinidine but in poorer yield can be obtained by the use of more ivater (3 or 4 ml. instead o 
2 ml. for 1 g. of cuprichloride). The base recovered from the dihydrochloride mother-liquors is 

of poorer quality. ; , * 

Starting with “quinidine” showing hydrogen absorption 77*9 % and using cone. Hri ( m d 
for each g. of quinidine or cupric chloride employed, it is possible by one treatment by is 
modified process, to obtain 1 /3 of the original amount as a fraction showing hydrogen absorption 
about 95*4 % and by repeating the operation to obtain about 1/9 of the original amount having 
hydrogen absorption 99 to 100 % . 

The quinidine used in determining the constants of the base, acid sulphate and dihydrobiomide 
recorded in Table III was made by both processes. No figures are given for quinidine dihydro- 
chloride as this substance is not completely dehydrated at 120° in vacuo , and betw een 120 an 
130 ° the loss is irregular owing to incipient decomposition. 
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Dihydroquinidine. This base, prepared by catalytic hydrogenation of pure quinidine was 
crystallised from boiling alcohol, or as the dihydrobromide from water. 

Dihydroquinidtne cupricMoride was prepared by mixing the base (2 g.) with cupric chloride 
(2 g.) each having been dissolved separately in cone. HC1 (5 ml.). Nothing separated on standing 
for 24 hours except a few crystals of cupric chloride, but on rubbing the side of the beaker, yellow 
granules appeared and the whole liquid quickly became semi-solid. Wt. 1-71 p* It was re 
crystallised from hot cone. HC1 (1 in 1-5 ml.) from which it separated in cluster of tilin' dark 
orange, rectangular prisms, m.p. 222° (decomp.). Yield 0*9 g. (Found: 0, 44*94; H, 5*37* N 5*17 • 

Cl, 26*55; Cu, 11*92 %. C 20 H a6 O a NT 2 . 2HC1, CuCl 2 requires : C, 44*98; H, 5*28; N, 5*25; Cl, 26*57* 
Cu, 11*91 .) ’ 9 

Dihydroquinidine zincichloride was prepared by mixing the base (2 g.) in cone HC1 (5 m] ) 
with zinc chloride (5 ml. of 40 % solution in cone. HC1). Nothing crystallised out until the inside 
oi the beaker was rubbed vigorously with a glass rod. Wt. 1-7 g. It can be recrystallised from 
water, 50 % alcohol or hot cone. HC1 (1 g. in 2 ml.) and separates from the latter in colourless 
spheroidal masses of minute silky needles, m.p. 249-252° (decomp.). (Found: C, 44-6- H 5-31 • 
N, o 19 , 01, 26-45; Zn, 12-00 %. C, 0 H 26 O 2 N 2 .2HCl, ZnCl, requires: C, 44-82; H 5-^7- \ r . 
Cl, 26-48; Zn, 12-22%.) ’ ’ • 

Constants for dihydroquinidine and its salts are given in Table III. 

Table III. Constants of pure cinchona alkaloids. 

Methoxy-bases: quinine, dihydroquinine; quinidine, dihydroquinidine. 


Substance 

Quinine (Q) ; 

Base, m.p. 173*5° 

Acid sulphate, Q.H 2 S0 4 , 


7HoO 






calc, for 


c* 

Solvent 

Salt 

“A 

Base 

- 4*611° 

ilf/ 40 

iY/10 h 2 so 4 


-284*5° 

-1.7*875 

ilf/10 

Water 

-211*7° 

-275*9 

- 4*555 

ilf/40 

iY/10 H„S0 4 

-216*1 

-281*4 

- 4*607 

ilf/40 

-218*3 

-284*3 

- 4*608 

ilf/40 

iY/10 H 2 S0 4 

-247*1 

-284*4 

-17*890 

ilf/10 

Water 

-184*1 

-270*2 

- 4*608 

ilf/40 


-189*6 

. -284*4 

- 4*597 

ilf/40 

iY/10 IhS0 4 

-255*1 

-283*8 

- 4*582 

ilf/40 

iY/10 HC1 

-254*3 

-282*9 

- 3*842 

ilf/40 

zY/10 H 2 SG 4 

___ 

-235*7 

-14*880 

ilf/10 

Water 

-152*5 

-228*3 

- 3*845 

ilf/40 

xY/io h 2 so 4 

-157*5 

-235*8 

- 3*838 

ilf/40 

-204*6 

-235*4 

+ 5*415 

ilf/40 

N/ 10 H 2 S0 4 


+334*2 

+20*915 

ilf/10 

Water 

+247*8 

+322*7 

+ 5*409 

ilf/40 

iY/10 I-I 2 S0 4 

+256*4 

+333*9 

+21*315 

ilf/10 

Water 

+219*3 

+328*9 

+ 5*420 

ilf/40 


+223*0 

+334*5 

+ 4*875 

Jf/40 

N/10 II 2 S0 4 


+299 

+ 19*178 

ilf/10 

Water 

+ 190*5 

+294*2 

+ 4*890 

ilf/40 

»» 

+200*4 

+300 


Additional 

constants 

H.A.t -99*93 
H. A, ~ 100*1 : pjt = 
Ph=3*08 


= 2*86 


H. A. -100-8: p H = 
p H =2*94 


H.A. =99*8 % 


Neutral sulphate, Q 2 ’.H 2 S0 4 , 7H*0 
Dihydrobromide, Q.2HBr, 3H 2 0 

Neutral hydrochloride, Q.HC1, 2H 2 0 

Dihydroquinine (HQ): 

Base, m.p, 173*5° 

Dihydrobromide, HQ.2HBr, 3H„0 
Neutral sulphate, (HQ) 2 .H 2 S0 4 , 6H 2 0 
Quinidine (Qd): 

Base, m.p. 173*5° 

Acid sulphate, Qd.H 2 S0 4 , 4H 2 0 

Dihydrobromide, Qd.2HBr, 3H s O 

Dihydroquinidine (HQd) : 

Base, m.p. 169*5° 

Dihydrobromide, HQd.2HBr, 3H a O 

* expressed as dry substance. 

! H.A. — hydrogen absorption: % of calculated value (p. 432). 

* Commercial einchonicline is stated to contain quinine 10 % and dihvdro 

exnchomdme 8 % [Dawson and Carhade, 1930]. The base, used as! starting 
strong fluorescence on solution in dilute sulphuric acid, had [«&" - 183-2° (c = J//40 in NI10 HJ30«) 

SEtsssr % i a n r a ? ne f meth ° xyi °' 66 % - Ttese resuits indi ° ate the p res ' en “ 

oi qumme (about 6*9 %) and dihydrocmchonidine (about 2 %). 

only' bXl^lW^ tion three times from boiling benzene (I in 30), the first fractions 

and in which no 6 ’ IT abo " t 78 % of a product, which passed the fluorescence test (p. 431) 

and m winch no methoxyl could be detected. This, on fractional crystallisation from alcohol 


=2-61 
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(1 in 6), yielded first and third fractions having hydrogen absorptions of 9S to 99 % and a middle 
fraction with hydrogen absorption 101-2 %, the yield of the latter being about 25% of the 
original material. In some cases it was necessary to crystallise the quinine-free product twice 
from alcohol, in order to reach this degree of purity. The constants for the base, acid sulphate 
and dihydrobromide are recorded in Table IV. 

Dihydrocinchonidine. The base prepared by hydrogenation of pure cinchonidine was re- 
crystallised from boiling benzene and finally from alcohol, or as the dihydrobromide from wafer. 
The constants are given in Table IV. The cuprichloride was prepared by mixing the base (3 g.) 
in cone. HC1 (4 ml.) with cupric chloride (3 g.) in cone. HC1 (5 ml.). Even after vigorous rubbing 
of the cooled liquid with a glass rod no crystals appeared, hut after 24 hours at 7°, a crop of 
minute pale, canary-yellow needles separated, wt. 2-6 g. It was recrystallised in the same way 
from warm cone. HC1 (3 ml.), w T t. 1*5 g., and was dried on a porous tile. It sinters at 120-140°, 
melts at 166° and froths at 183°. (Found on substance dried at 90° in vacuo: C, 44*52; H, 5-29; 
JST, 5-5; Cl, 28-15; Go, 12-83%. C l9 H 24 ON 2 .2HCl, CuCl 2 requires: C, 45-27; H, 5-20; N, 5-56; 
Cl, 28-16; Cu, 12-62%.) 

Cinchonine. The commercial cinchonine used was markedly fluorescent in dilute sulphuric 
acid, contained methoxyl 0-25 %, corresponding to quinidine 2-6 % and had [a% +264-5“ 
(c~M / 40 in JVyiO H 2 S0 4 ) and hydrogen absorption 86-2 % indicating the presence of 13-8 % of 
dihydrocinehoiime. After three crystallisations from boiling alcohol (1 in 30) it passed the 
fluorescence test (p. 431) and the figure for hydrogen absorption fell to 84-9 owing to removal of 
quinidine. This partially purified base was converted into dihydrobromide and recrystallised from 
water (1 in 1). The first crop, which is rich in dihydrocinehonine is rejected and successive crops 
are obtained by slow concentration of the mother-liquor in a vacuous desiccator over sulphuric 
acid. When a conveniently large crop has accumulated in this way, it is scraped down into the 
mother-liquor, dissolved by warming and left to crystallise out again. The fourth crop so obtained 
had hydrogen absorption 93-94 % . When a hydrogen absorption about 95 % is reached, crystal- 
lisation is continued from stronger solutions (1:0-75). When material having hydrogen absorption 
over 99 % is first reached, the yields of the three best fractions are approximately as follows: 

Hydrogen absorption, % 96 to 97 99-3 99-7 

Yield, % of starting material 22*7 4-1 2-4 

Purification of cinchonine by crystallisation of the dihydrobromide is slow and tedious and, 
in the hope of expediting the "work, other derivatives were tried including the silver nitrate and 
the zinc chloride compounds, but neither of these was found effective as a means of eliminating 
dihydroeinclionine. 

Cinchonine sulphate argentonitrate was prepared by adding silver nitrate solution (1 ml. of 
50 %) to cinchonine sulphate (1 g. in 26 ml. water). On standing overnight a crop of colourless 
needles separated; wt. 0-984 g. This, on boiling with water (15 ml.), showed slight decomposition, 
but on filtration through charcoal gave a clear, faintly brown solution, which on cooling deposited 
nearly colourless needles (0-4 g.) containing 2H 2 G. (Loss at 130° in vacuo 4-26: calc. 4-27 /b-) 
■m.p. 199° (decomp.). (Found; C, 51-38; H, 6*01; N, 7*82; Ag, 12-88; S, 3-87%. (O l9 H 22 ON 2 ) 2 • 
H 2 S0 4 , AgNO s requires : 0, 53-2 ; H, 5-41 ; N, 8- 18 ; Ag, 12-5 ; S, 3-74 % .) As in the case oi quinidine 
sulphate argentonitrate (p. 434), the carbon determinations were persistently low in the recrystal- 
lised material, owing no doubt to the slight decomposition already referred to. 

Cinchonine zincichlovides. When a zinc chloride solution (4 ml. of 50 % in watei) is added to 
cin chonine sulphate (1 g. in 26 ml. water) an oil is precipitated, which dissolves on addition of 
alcohol (10 ml.). On standing, a crop (0-9 g.) of colourless needles separates, which from solution 
in boiling water (20 ml.) deposits on cooling a crop of cinchonine hydrochloride. The mother- 
liquor on concentration in a vacuous desiccator deposits a cinchonine hydrochloride zineichlou.de 
represented by the formula Ci 9 H 22 ON 2 .HCl, ZnCl 2 . It can be recrystallised from boiling vatxr 
or 50 % alcohol, m.p. 282° (decomp.). (Found: C, 48-69; H, 5*13; N, 6-39; Cl, 22-48; Zn, 14-4 /o* 
Calc.; C, 48-8; H, 4-98; N, 6-0; Cl, 22-7; Zn, 14*0 %.) On solution in cone. HC1 this substance is 
converted into a sincichloride of the usual type, C 19 H 22 OY 2 . 2.HC1, ZnCl 2 , which can also be foimed 
in the usual manner by adding zinc chloride (2 g. in 3 ml. cone. HC1) to cinchonine (2 g.) in cone. 
HG1 (10 ml.). This crystallises in anhydrous colourless, hair-like needles, from water, dilute alcohol 
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or cone. HC1 (1 g. in 8 ml.), m.p. 263° (decomp.). (Found: C, 45*5; H, 5*08; N, 5*76; Cl, 28*04* 
Zn > 12-7 %. Calc.: C, 45*2; H, 4*80; N, 5*56; Cl, 2S-1; Zn, 12*9 %.) 

Two cinchonine zincichlorides have been described already [Grazinghoff, 1865] to which 
the following formulae were assigned (C 19 H 22 ON 2 .2HCl) 2 , ZnCl 2 , 2H 2 0 and (C 19 H 22 OK>.3HCl) 0 , 
ZnCI 2 , H 2 0. It is suggested that these products were probably mixtures in which each of the 
two zincichlorides referred to above was still contaminated with cinchonine hydrochloride, which 
in the present instance separated as a first fraction in re crystallising the crude product. 

The base recovered from the normal zincichloride made from crude cinchonine showed hydrogen 
absorption 84*0 % as against S6-2 % for the starting material, so that this derivative is of * no 
value for purification purposes. 

Cinchonine cuprichloride. The possibility of using the cuprichloride as a means of purifying 
cinchonine was investigated as described under quinidine (p. 435). After numerous trials, the 
best results were obtained by using equal quantities of cinchonine and cupric chloride dissolved 
separately to produce a final solution of solids (1 g.) in cone. HC1 (8 ml.), recrystallising the 
resulting cuprichloride from hot cone. HC1 (1 g. in 3 ml.), and recovering the base in the usual 
way from the reerystaHised cuprichloride. Cinchonine dihydrochloride is very soluble in water 
so that no further fractionation can be effected by solution of the cuprichloride in a small quantity 
of water as in the case of quinidine (p. 435). The following are typical results : 

Hydrogen absorption, % 


Initial cinchonine 

71*5 

85*2 

96*4 

96 to 97 

Recovered cinchonine 

89*6 

96-4 

99*0 

100*1 

Yield, % 

78*0 

88-0 

61*0 

59*4 


That is, starting with quinidine-free “cinchonine” showing hydrogen absorption of about 85 %, 
two passages through the cuprichloride are necessary to raise the hydrogen absorption to 99- 
100 %. 

The cinchonine used for the final determination of the constants recorded in Table IV was 
prepared partly by fractionation of the dihydrobromide and partly by the cuprichloride method, 
and no difference could be detected between the two products. 

Table IV. Constants of pure cinchona alkaloids . 

Methoxyl-free bases: cinchonidine, dihydrocinchonidme; cinchonine, dihydrocinchonine. 


Substance 
Cinchonidine (Cd): 

Base, alp. 204*5° 

Acid sulphate, Cd.H 2 S0 4 , 5H a O 

” ,, 

Dihydrobromide, Cd!’2HBr, 2H a O 

Dihydrocinchonidme (HCd): 

Base, alp. 232° 

Acid sulphate, HCd.H a S0 4 , 5I1 2 0 
Dihydrobromide, HCd .2HBr, 2H a O 

3 3 

Cinchonine (Cn) : 

Base, m.p. 254° 

Dihydro bromide, Cn.2HBr 

Dihydrocinchonine (HCn) : 

Base, ai.p. 267° 

Dihyd robromide, HCn . 2H B r 


a D 

c* 

Solvent 

l< 

Salt 

calc, for 

Base 

Additional 

constants 

- 2*617° 

M/40 

A r /10 H 2 S0 4 


-178° 

H.A.t =101*2 

-10*498 

M/10 

Water 

-133*9° 

-178*5 

H.A. =100*2: 

Pjj =3*05 

— 2*bl3 

M/ 40 

A/10 h 2 so 4 

-133*6 

-178*1 

— 2*615 

M/40 

-133*4 

— 177*8 

-10*112 

M/10 

Water 

-110*9 

-172*0 

p H =2*52 

— 2*607 

M/40 

,, 

-114*3 

-177*3 

p H =2*89 

- 2*604 

M/40 

A/10 h 2 so 4 

-114*2 

-177*2 


- 2*140 

M/40 

iV/10 II 2 S0 4 

__ 

— 144*6 


- 8*417 

M/ 10 

Water 

-106*8 

-142*2 



- 2*132 

M/40 

A/10 H 2 SQ 4 

-108*3 

-144*1 



- 8-149 

M/10 

W T ater 

- 89*0 

-137*7 



- 2*128 

M/40 

3? 

- 92*9 

-143*7 

— 

+ 3*876 

M/40 

A/10 H 2 S0 4 


+263*7 

H.A. =100*1 % 

+15*238 

M/10 

Water 

+167 

+259*2 

H.A. =99*74 % 

+ 3*867 

M/40 

33 

+169*6 

+263*1 


+ 3*342 

M/40 

A/10 H 2 S0 4 

__ 

+225*8 


+13*154 

M/ 10 

Water 

+143*6 

+222*2 



+ 3*347 

M/40 

55 

+ 146*2 

+226*1 

— 


* c is expressed on dry substance. 

t H.A. = hydrogen absorption: % of calculated value (p. 432). 
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Dikydrocinchonme. The base prepared by catalytic hydrogenation of pure cinchonine was 
finally purified by crystallisation from boiling alcohol, and from this the dihydrobromide was 
prepared in the usual way. Dihydrocinchonine differs from the three other diliyd.ro -cinchona 
bases dealt with in this paper by decolorising permanganate in the standard test (p. 432) in 
30 seconds. The mprickloride was prepared by adding the base dissolved in cone. HOI (1 g. in 
2 ml.) to cupric chloride in the same solvent (1 g. in 3 ml.). The yield was 0*9 g. ? which was reduced 
to 045 g. by recrystallisation from 1 ml. hot cone. HC1. From hot concentrated solutions it 
separates at once in golden-brown needles, but if crystallised slowly, it forms transparent much- 
twinned garnet-coloured prisms m.p. 212° (both forms). (Found: C, 45*20; H, 5*25; N, 5*54; 
Cl, 28*21 T Cu, 12*31 %. C 19 H 24 0N 2 .2HC1, CuCh requires : C, 45*27; H, 5*16; N, 5*56; Cl, 28*16; 
Cu. 12*62%.) 

The constants found for the base and dihydrobromide are given in Table IV. 

Biological tests 1 . 

Anti-malarial activity. The comparison of the activity of the alkaloids was 
made with canaries infected with a strain of bird malaria kindly supplied by 
Sir Rickard Christophers. A mixture of the blood from infected birds diluted 
with 5-10 parts of saline, containing sodium citrate to prevent clotting, was 
injected under the pectoral muscles of a number of normal birds. The infected 
birds were bled by cutting off their heads and the feathers excluded by filtering 
the blood through glass wool. The blood and saline mixture was kept warmed 
at 37° during the period of the injections, as it was found that the latent period 
before the appearance of the parasites was considerably longer for the birds 
which were inoculated last, if this were not done. In the case of warmed blood 
the latent periods of the birds inoculated first and last do not differ by more 
than a day if all the injections can be completed in 15-25 minutes. To obviate 
any systematic error on this score the birds were arranged so that the average 
time of standing of the inoculum was constant for each group of birds used for 
the different drags. The drugs were given orally by the method of Roehl through 
a thin piece of rubber tubing. The first dose was given 4 hours after the injection 
of the infecting material. Subsequent doses were given at daily intervals for 
the next 5 days, making 6 doses in all. The drugs were given in proportion to 
the weight of the bird, in the majority of cases, 5 or 2-5 mg. of base dissolved 
in 0*5 ml. per 20 g. weight of bird (most of the birds weighed 13-18 g.). The 
birds tolerate the material better if it is injected slowly. Six birds were usually 
used for each drug and the potency was estimated in comparison with that of 
quinine by taking the average time after infection at which parasites appeared 
in a particular group and comparing it with the average of the quinine group 
done at the same time. The authors consider this point of importance in the 
comparison of the activity of the drugs. The average time of appearance of 
parasites after inoculation and treatment with 6x5 mg. doses of quinine has 
varied from 16 to 23 days in these and other experiments not yet recorded. 
These differences show that unless in each batch of infected birds a group is 
treated with some drug to serve as a standard of curative activity, quantitative 
estimations of relative activity will suffer from a larger and almost incalculable 
error. The error of such comparisons has been very roughly calculated, and 
a preliminary estimate suggests that with two groups of six birds a difference 
.in mean time of appearance of parasites of 1 day is significant and for two 
groups of three birds, a difference of 1*5 to 2 days. 

Occasionally it has not been possible to detect parasites in treated birds for 
30 days after the infection. These birds have been reinjected with infected blood 

1 G. A. 3EL Buttle and J. W. Trevan areHesponsible for all the experiments on animals. 
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and if they Lave shown parasites after the infection, they are considered to have 
been complete cures. 

The results are shown in Tables C and D. 

Table C is a typical group treated with quinine. It shows the differences 
obtained in a group of birds treated in the same manner. 

Table D shows the results obtained in different experiments. 

Table C. 


Bird 

No. 

45 

46 

47 

48 

49 

50 


Proportion of red cells containing parasites 
(days after inoculation) 


Drug 

Quinine 
6x5 m£»\ 


17 


18 

TO 

VVF 

VVF 


19 


20 

(Died 5th clay) 
1/15 

1/15 
1/10 
1/120 


21 


1/100 

W F indicates one or two parasites in several fields. 

Table D. 


1/50 

1/15 

1/10 


1/40 


Date 
13. i. 31 


2. ii.31 


Control. 
Average time 
of appearance 
of parasites 
in untreated 
birds 
(in days) 

7-0 


Dose 
mg. per 
20 g. bird 
weight 


5*9 


Drug 

(6 doses in each case) 

Dihydroquinine 
Quinine 

Dihydroquinidine 
Cinclionidine 
Dihydrocinchonine 
Dihydrocinchonidine 
Quinine 

Dihydroquinine 
Dihydroquinidine 
Cinchonidine 
Quinine 
Quinine 

Dihydrocinclionine 
Dihydrocinchonidine 5 

Quinine 5 

Quinidine 5 

Cinchonine 5 

Quinine 5 

Quinidine 5 

Cinchonine 5 

th * t S + birds - were “ s< j. d f ° r each § rou P. usually some died during 
than three survivors, it has been noted in the last column. 


Average time of 
appearance of parasites 
in treated birds 
(in days) 


5 

21*6 + 2 cures 

5 

18*2 + 1 cure 

5 

15*6 

5 

14*0 

5 

11*0 

5 

9*3 

5 

17*6 

3*5 

16*3 

5 

16*0 

5 

14*6 

2*5 

14*6 

1 

14*0 


18. iii. 31 


7. iv. 31 


4*0 


5*6 


12*0 (1st dose 10 mg.) 
11*2 (1st dose 10 mg.) 
16*0 

14-0* (2 birds only) 

12*3 

19-0* (1 bird only) 

17*0* (1 bird only) 

13*0 

the test ; if there were less 


Toxicity. The toxicity of certain of these substances on intravenous injection 
i^Tab™ ed ^ mtravenous in j ecti “i into mice. The relevant results are given 

. T]l ? ayera §? lethal doses are recorded in the last column. The figures re- 
present the estimate of the dose necessary to kill 50 % of the mice. The differ- 
ences between the different alkaloids are probably not statistically significant, 
with the possible exception of dihydroquinidine. 



441 . 


CINCHONA ALKALOIDS IN BIRD MALARIA 


Table E. Results of toxicity tests by intravenous injection into mice. 





Estimate of 




average lethal 


Dose in mg. of 


dose of base 


base per 20 g. 


for 20 g. mouse 

Drug 

mouse 

Mortality 

mg. 

Quinine acid sulphate 

1*2 

0/10 ’ 

1*9 

1*8 

4/10 



2-1 

8/10 



24 

23/25 


Quinine dihydrochloride 

1*05 

1/10 

1*4 

1*5 

6/10 



1*9 

5/5 



2*25 

10/10 


Dihydrocjuinine acid sulphate 

1*0 

1*25 

1/10 

0/10 

1*9 


1*5 

0/10 



2*0 

O.K 

11/20 

Kl!% 



& a 

3*0 

rjj O 

5/5 


Quinidine dihydrochloride 

1*0 

1*5 

0/10 

5/ 10 

1*6 


2*0 

11/15 


Dihydro quinidine acid sulphate 

1*0 

1*25 

6/15 

2/10 

1*3 


1*5 

7/10 


Cinchonine acid sulphate 

1*0 

1/10 

1*75 

1*5 

2/10 



2*0 

7/10 


Dihydrocinchonine acid sulphate 

1*26 

1*9 

0/10 

0/10 

2*0 


2*2 

10/10 


Cinchonidine acid sulphate 

1*5 

0/10 

1*85 

1*75 

3/10 



2*0 

17/20 


Dihydrocinclionidine acid sulphate 

1*9 

2*2 

0/10 

10/10 

2*0 

Cinchonine chloride hydrochloride 

1*3 

1*6 

0/10 

7/10 

1*55 


1*8 

9/10 
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LXII. A MACRO-METHOD FOR THE DETER- 
MINATION OF IRON IN BIOLOGICAL MATERIAL 
BY A MODIFIED PERMANGANATE TITRATION. 

By h - LASKEY TAYLOR and JOHN FLEMING BROCK. 

From the Thorndike Memorial Laboratory, Boston City Hospital and the 
Department of Medicine, Harvard Medical School, Boston, Massachusetts. 

(Received February 10th, 1934.) 

In the course of investigations on the metabolism of iron, it became necessary 
to determine relatively large amounts of iron in the presence of such interfering 
agents as organic matter and phosphate. It was found that the errors intro 
duced by colorimetric micro-methods became enormously exaggerated when 
amounts of iron between 1 and 10 mg., or more, were determined. A survey 
of the existing methods which could be used for such amounts of iron showed 
many disadvantages. uwca 

Destruction of organic matter by ignition was extremely time-consuming- 
mcmeiation with sulphuric acid was considered to present the advantages both 

° f “° 8 “ S Wh “ h Repent 

The gravimetric estimation of iron required either the removal of phosphate 
by molybdate or the use of the basic acetate separation. These modifications 
together with the general undesirability of using ammonia in the laboratory’ 
ruled out tins method of investigation. ^ ’ 

tioiwif t™° f TV Sulphuric acid digestion ^made possible the volumetric estima- 
i Qmn f i The P ermanganato method of Margueritte [Treadwefi and Hall 
19-4] was chosen because of the ease of determining the end-point and the 
fact that permanganate offers a self-contained indicator. The^ron for this 
method must be m the ferrous condition. This was assured by reduction by 
nascent hydrogen m the presence of an excess of zinc and sulphuric acid J 
lhe method has proved to be very satisfactory and extremely accurate 
within the limits of its application. It has been used in some 400 estimations 
of non dunng the past year with uniform success. The results obtained by the 
method will be published elsewhere, the present paper giving the details of the 

pre “ u ‘ io,u * nd * ° f «■ 

Experimental. 

Reagents. 

^Iphuric acid l "Bakers Analysed,” “C.P.” brand, low in heavy metals 
heavy metals. ^ “ 6 ° % percUoric acid > S P- 1*4, low' in 
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Zinc. “Baker’s Analysed” zinc, “C.P.” brand, 30 mesh granular, low in 
lead and iron. 

* Potassium permanganate N jlO and 'NjlOO. Standardised according to 

Treadwell and Hal [1924] against pure sodium oxalate. 

Glass-ware . All glassware was of pyrex, extracted with 2 % HC1, chromic 
acid and rinsed in many changes of distilled wafer. The distilled water should 

| be checked for the presence of iron and if necessary redistilled from treated glass 

vessels. 

Destruction of organic matter. 

j (a) Solutions of soluble iron compounds. An amount of the iron solution 

containing 5-10 mg. of iron was measured into an 800 ml. Kjeldahl flask. 

, 10 ml. of concentrated sulphuric acid and two glass beads were added and 

r digestion commenced in a Kjeldahl digestion apparatus over a low flame. After 

charring was complete and a blood-red, apparently homogeneous solution was 
obtained, 0-5 ml. of perchloric acid was added. Digestion was then continued 
for one hour. Oxidation was invariably complete at this time and the solution 
was free from chlorides. 

(b) Faeces . 1 g. samples were used when patients were being treated by 
some form of iron therapy. When a low iron content of the faeces necessitated 
the use of much larger samples than this, it was deemed advisable to use one 
of the many micro -methods. The faeces were prepared for analysis by careful 
drying, first on the water-bath and later in a desiccator. The sample should be 
kept as finely divided as possible during the drying process. The sample for 
analysis was further finely ground and sampled by quartering. 1 g. samples of 
this finely ground material were transferred directly to an 800 mi. Kjeldahl 
flask and completely washed into the flask by distilled water. 10 ml. of sul- 
phuric acid and two glass beads were added. The digestion was allowed to pro- 

f ceed very slowly, the flasks being rotated from time to time until homogeneous 

mixtures, free from foam, were obtained. At this point the speed of digestion 
was increased until golden-red, translucent solutions resulted. 0*5 ml. of per- 
chloric acid was then added and the digestion continued for a further hour. 

( c ) Whole blood. 2-10 ml. of whole blood were used for the analysis, de- 
pending on the degree of anaemia. The digestion was carried out in the same 
way as for faeces. (To facilitate digestion the Kjeldahl flasks containing the 
blood and sulphuric acid may be allowed to stand overnight before the digestion 
commences.) 

(d) Insoluble iron compounds. Insoluble iron compounds were analysed in 
the same way as for faeces. The amount taken for analysis however should 
contain at least 5 mg. of iron as the metal. 

t* Reduction . 

The contents of the Kjeldahl flasks were diluted with 15 ml. of water and 
raised to the boiling-point with constant rotation. The sulphuric acid solution 
was then transferred quantitatively to 125 ml. Erlenmeyer flasks. 10 ml. of 
distilled water were added to the Kjeldahl flasks, boiled and transferred quanti- 
tatively to the Erlenmeyer flasks. The volume of transfer fluid should be kept 
as low as possible. Boiling out the Kjeldahl flasks was found to be absolutely 
necessary since, even with the greatest care, some etching of the glass occurs. 

The contents of the Erlenmeyer flasks were allowed to cool completely, and 
5 g. of granulated zinc were added. The flasks were then fitted with Bunsen 
valves and allowed to stand overnight. 
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When the reaction between the zinc and sulphuric acid was complete, a small 
sample of the contents of the flask was removed by means of a capillary tube 
and the fraction of a drop so removed tested for ferric iron with ammonium 
thiocyanate, using a porcelain spot plate. 

Titration. 

When reduction was complete the contents of the Erlenmever flasks were 
filtered quantitatively through No. 42 Whatman filter-papers. The flasks were 
washed by decantation and the final residue transferred by a stream of water 
to the filter-paper. The filtrate, including the washing, was collected in 400 ml. 
pyrex beakers. Washing and transferring were done in the cold as quickly as 
possible to avoid re-oxidation of the iron. 

2 ml. of concentrated sulphuric acid were added to the contents of the 
beakers and titration with 0-1 N potassium permanganate carried out. During 
the titration the beakers were surrounded by a white background and the end- 
point taken as the first recognisable pink flush persisting for 30 seconds. 

When the amount of iron was less than 10 mg. it was found advisable to 
use 0-01 N potassium permanganate. In this case all transfers from the beginning 
of the procedure should be made with the minimum amount of wash fluid. To 
diminish further the dilution of the iron, the final transfers and washings may 
be made with cold 1 % sulphuric acid. The addition of further sulphuric acid 
to the solution before, titration may then be omitted. The final titration was 
done in white porcelain casseroles which facilitated identification of the end- 
point with certainty. It was found advisable to use a standard end-point at 
first, but when the eye became accustomed to the recognition of the end-point, 
this precaution was omitted. All titrations were done with a Folin micro-suoar 
burette of 5 ml. capacity, graduated in 0-02 ml. to facilitate splitting of drops. 

Blank. 

A blank was run on all reagents by carrying through the exact procedure 
without the addition of the iron-containing material. This blank was subtracted 
from the total titration figure. 

Precautions . 

The oxidation of organic matter and the removal of interfering agents by sulphuric acid 
digestion was found to be straightforward if the directions were closely followed. Time was saved 
by digesting as slowly as possible at first and only increasing the temperature after all danger 
of foaming was over. ‘ 

Much time was spent in determining a satisfactory form of zinc to employ in reduction. The 
30-mesh zinc suggested was found to be the right size to prevent floating, if added after the 
solutions to be reduced were cool. 5 g. of zinc are more than adequate for the usual amounts 
of iron handled and this amount of zinc will keep the iron in a reduced condition for 12 hours 
if the Bunsen valves are made air-tight. 

Prom the time the reducing flasks are opened, no delay should be made. Re-oxidation of the 
iron was found to be quite rapid; however, if the titration follows the transfer within IS minutes, 
no appreciable change in the titre can be found. In order to reduce the time still further, at 
this point, filtration may be made through platinum cones if such are available. 


Experimental results. 

The method has been used for the analysis of iron in such compounds as 
ferric ammonium citrate, in the presence of organic matter, phosphates and 
chlorides. It has also been used in the estimation of iron in such biological 
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material as faeces and blood. The data presented in Tables I and II indicate 
the degree of duplication and accuracy which has been in general obtained by 
the method. 

Table I. Recovery of added iron from dried faeces. 


Weight of 

Iron content 

Iron 

Total iron 

Iron 


faeces 

of faeces 

added 

found 

recovered 

Error 

S' 

mg. 

mg. 

mg. 

mg. 

mg. 

1-000 

9*90 

9-98 

19-95 

10-05 

+ 0-07 

1-000 

9-90 

9-98 

19-85 

9-95 

-0-03 

1-000 

9-90 

9-98 

19-85 

9-95 

-0-03 

1-000 

9-90 

5-00 

14-80 

4-90 

-0-10 

1-000 

9-90 

5-00 

14-83 

4-93 

-0-07 


Table II. Analyses of 1 °/ 0 and 0-1 °j 0 ferric ammonium citrate solution 
containing iron- free organic matter*. 






Iron found 





Iron 

( — 

A 

•i 


ml. of 


present 

A 

B 

Average 

Error 

solution 

% 

mg. 

mg. 

mg. 

mg. 

mg. 

50 

1 

88-95f 

88-95 

88-95 

88-95 

±0*00 

25 

1 

44*47 

44-35 

44-25 

44-30 

-0*17 

10 

1 

17-79 

18-15 

18-05 

18-10 

+ 0*31 

5 

1 

8-89 

9-05 

9-15 

9*10 

+ 0*20 

50 

0-1 

8-89 

8-60 

8-55 

8*57 

-0*32 

25 

0-1 

4*45 

4-21 

4-27 

4*24 

-0-21 

10 

0-1 

1*78 

1-70 

1*71 

1*705 

-0-07 

5 

0-1 

0-89 

0-80 

0-62 

0*71 

-0-18 


Filter-paper. 


Calculated from repeated estimations of ferric ammonium citrate. 


In Table I recovery of added amounts of a standard iron solution (ferric 
chloride prepared from pure iron wire) from faeces is given. For amounts of 
iron above 5 mg., recoveries to within 0*1 mg. were obtained. The duplication 
of results was good; variations between duplicates of 0*03 mg. of iron were 
found. The iron values for the solutions given were obtained by the customary 
gravimetric method. 

Table II presents data obtained from the analysis of standard solutions of 
ferric ammonium citrate. This compound was used In the investigation for which 
this method was devised and represents iron attached to an organic radical. 
Further organic matter was added in the form of filter-paper during the digestion. 
The error in mg. varied from 0*07 to 0*32 throughout the range of dilutions. 
The amount of iron present varied from 0*89 to 88 mg. 

Table III Is included as an example of the use of the method for general 
biological analyses. The patients had varying degrees of anaemia. The haemo- 
globin value was determined in two cases by direct estimation from the oxygen 
capacity and in the t hir d, by use of the Sahli haemoglobinometer standardised 
against the oxygen capacity. The volumes of blood taken varied from 2 to 10 ml. 

Table III. Determination of the iron content of haemoglobin. 


Patient 

1 

2 

3 


ml. blood 
6 

10 

2 


Iron 

0 2 -capacity 

Hb g./lOO ml. 


mg./ 100 ml. 

voL/100 ml. 

% iron 

blood 

blood 

blood 

in Hb 

53*2 

19*95 

14*82 

0-359 

38*2 


11*39* 

0-345 

45*8 

17*91 

13*30 

0-342 


Sahli. 


Biocbem. 1934 xxvm 


29 


446 


F. H. L. TAYLOR AND J. F. BROOK 


The determined percentage of iron in haemoglobin found in all cases checked 
to within 0*02 % . The values found for the percentage of iron in haemoglobin 
were slightly higher than those calculated from the figures of Murphy et al. 
[1931], who used a micro -method, but in dose agreement with those of Hufner 
[1894], From the duplication of results it appears that the method lends itself 
very well to whole blood determinations. 

Reports by Brock and Taylor [1934] show that the method may be satis- 
factorily used in dialysis and metabolic studies of iron, when this metal is 
present in gross amounts. 

Summary. 

L A detailed description is given of a modification of the permanganate 
titration method for the determination of iron. * ^ 

2. The method is applicable to the determination of iron in the presence 
of organic material and phosphate. 

3. Data are presented showing the degree of accuracy and duplication of 
the results. 

4. The satisfactory use of the method in the determination of the percentage 
oi iron m haemoglobin is demonstrated. 

P ]ie method is recommended for the determination of iron in all biological 
material in which samples can be obtained containing more than 2 mg of Iron 
perg. 

6. Within the limits specified for its application, iron may be determined 
within ±0*3 mg. 

One of us (J. F. B.) was Leverhulme Research Scholar of the Royal College 
o .Physicians of London at the time that the -work was done, and expresses his 

theyeartn^oston Scien ° e Committee of tlie College for the privilege of spending 

a -Tr 6 Y?. penses the investigation were defrayed in part by a gift from the 
sSol K ine and FreilCil LaboratorieSj Philadelphia, to the Harvard Medical 
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LXIIL THE DIFFUSION OF SOLUBLE IRON 
COMPOUNDS IN VITRO. THE EFFECT OF 
ACIDS, BASES AND ELECTROLYTES. 

By JOHN FLEMING BROCK 
and F. H. LASKEY TAYLOR. 

From the Thorndike Memorial Laboratory , Boston City Hospital and the 

Department of Medicine , Harvard Medical School , Boston , Massachusetts . 

(. Received February 10th , 1934.) 

Although Bland, when in 1831 he introduced his iron pill for the treatment of 
chlorosis, recognised the need for administering iron in large doses, this principle 
was largely overlooked until recent years, when it has been revived in the treat- 
ment of hypochromic anaemia. It is recognised to-day that adequate oral iron 
therapy requires considerably larger quantities than were employed ten years ago. 

It has always been appreciated, nevertheless, that much of the iron ad- 
ministered by mouth is unabsorbed and excreted in the faeces. Recently it 
has been shown by Heath et al. [1932] that in idiopathic hypochromic anaemia 
at low levels of haemoglobin, parenterally administered iron in the form of iron 
citrate is converted approximately quantitatively into haemoglobin. This obser- 
vation resolves the problem of adequate oral iron therapy into a problem of 
the absorption of iron from the gastro-intestinal tract. 

To raise the haemoglobin level of an adult by 2 % per day, which can readily 
be achieved in uncomplicated cases by adequate oral iron therapy, requires 
the absorption from the gastrointestinal tract of approximately 50 mg. 1 of 
metallic iron per day. The introduction of that amount of iron daily by injection 
of any existing iron compound intended for parenteral administration is, for 
the patient, always an uncomfortable and sometimes a dangerous procedure. 
It is obvious therefore that there is as yet no adequate substitute for the oral 
administration of iron. Very few disadvantages have been demonstrated in the 
oral administration of large doses of iron, and in every way this form of therapy 
is advisable in hypochromic anaemia. 

A study of absorption from the gastro-intestinal tract cannot be made, of 
course, in vitro , but there are certain physicochemical relationships which may 
play a part in gastro-intestinal absorption which can be so studied, e.g. the 
chemical reactions which will lead to the presence of iron in a soluble form in 
the gastro-intestinal tract and the effect of such conditions as the hydrogen ion 
concentration on these reactions and on the rate of dialysis of iron. 

The object of the present investigation was to determine which forms of 
soluble iron most readily dialyse through cellophane membranes and what con- 
ditions affect the rate of dialysis. 

x Taking 5 litres as an average figure for adult blood volume, 15*6 g. per 100 ml. as 100 % 
haemoglobin and 0*34 % as the iron content of haemoglobin. 
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Methods. 

Complete assembly of the apparatus used for the series of dialysis experi- 
ments is shown in Fig. 1. Seamless cellophane tubing 1 was found to be the 
most satisfactory medium for dialysis. The tubing was cut into suitable lengths 
and soaked for one hour in distilled water to remove the glycerol preservative. 
Each section of tubing was made into a sac by double ty ing and sealing with 



, cellophane sao containing iron mixture. B , diffusion medium. 

nm Her D wo V „ -l_ in. 


Fig. 1. Diagram of apparatus. A, ucuup none sac containing iron mixture. B. diffusion n 
C, mercury manometer— 20 mm. Eg. D, wax sealing cellophane on to glass tubing. 

Fig. 2. Typical rate curve. Ferric ammonium citrate against serum. 

collodion. Frequent checking throughout the study demonstrated that there 
was no leakage, and duplication of results was extraordinarily constant, varying 
by less than 4% throughout the investigation. These ceilophane sacs were 
sealed by means of paraffin wax, which made air-tight junctions, on to the 
ends ol glass tubes projecting through rubber stoppers. The sacs were tested 
with applied pressure up to 40 mm. Hg. The iron solution to be studied was 
introduced into the sac and the diffusion medium into the outside container, 
iron was subsequently determined in both the sac contents and the diffusion 
medium by means of a development of the Margueritte method for the volu- 
metnc determmation of iron [Treadwell and Hall, 1924; Taylor and Brock, 
, 9 r 4] : By com panng the amount of iron recovered from the sac and from the 
diftusion medium at the end of the experiment with the amount introduced 
initially into the sac, it was possible to check accurately the entire procedure 
so that experimental errors were practically eliminated. 

, . \ ° btamed fro “ ‘he Dupont Cellophane Company, 350, Fifth Avenue, New York, and having 
the following specifications : inflated diameter | in., flat width 0-59 in., thickness 0-0000 in. 
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In order to find the optimum time for iron diffusion, the following experi- 
ment was devised. 4 ml. of a 10 % aqueous solution of ferric ammonium 
citrate were introduced into each of 5 sacs and diffused against normal horse- 
serum under an applied pressure of 20 mm. Hg. A sac was removed at the end 
of 1, 14, 3 and 12 hours. The rate of diffusion at each of these time intervals 
in mg. iron per hour was determined. These values were averaged for the time 
interval concerned and plotted against time. A typical curve is shown in Fig. 2. 
From this experiment it was observed that the curve of diffusion definitely 
flattens after 3 hours. 

In all the experiments a constant positive pressure of 20 mm. Hg was applied 
to the inside, of the sacs. Three different diffusion media were employed during 
the investigation, normal horse-serum, a special diffusion medium and distilled 
water. The special diffusion medium referred to in the text as “special saline, 55 
was introduced to avoid a protein precipitation which sometimes occurred with 
serum. It is essentially a protein-free blood-serum. The composition was based 
on the determination of the constituents of normal human serum as given by 
Mathews [1930]. 2 litres of solutions contained 


Potassium sulphate 

0-584 g. 

Potassium chloride 

0-746 „ 

Sodium chloride 

... 11*520 „ 

Disodium hydrogen phosphate 

0*564 „ 

Sodium bicarbonate 

3*200 „ 

Calcium hydrogen phosphate 

0*620 „ 

Magnesium chloride 

0*464 „ 


The rate of diffusion was determined of a 10 % aqueous solution of ferric 
ammonium citrate into each of the three diffusion media. 

Experiments. 

First, the effect of various conditions on the rate of diffusion of ferric am- 
monium citrate was studied. Secondly observations were made on the rate of 
diffusion of some other soluble iron compounds, and the results were compared 
with those of ferric ammonium citrate. All experiments were performed in 
duplicate. 

(1) The effect of increasing concentration on the rate of diffusion 
of ferric ammonium citrate. 

5, 10 and 20 % aqueous solutions of ferric ammonium citrate were dialysed 
against normal horse-serum for the following periods: 4, 1, I-| and 3 hours. 
In each case 4 ml. of the solution were introduced into the sac and 20 ml. of 
normal horse-serum into the container. The results are shown in Fig. 3, in 
which the percentage diffused was plotted against time. It will be observed 
that the three curves practically coincide. When these results are plotted in 
the form of an absolute rate curve, Fig. 4, it will be observed that the amount 
passing through the membrane in a given time is directly proportional to the 
concentration within the sac. 

(2) The effect of acid and alkali on the rate of diffusion 
of ferric ammonium citrate . 

10 % solutions of ferric ammonium citrate were made up in distilled water, 
0*1 N HC1 and 0*1 N NaOH. 4 ml. of each of these solutions were dialysed 
against 20 ml. of normal horse-serum for 1, 14 and 3 hours. The p K of the 
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solutions varied from 1*5 in the case of the acid iron solution to 12-0 in the 
case of the alkaline iron solution. The results are given in Fig. 5. 

70V 


PW 30 


*5 2 

Time in hours 
Fig. 3. 


! 2 T~ 

Time in hours 
Fig. 4. 


Fig. 

Fig- 


3. Effect of concentration on the rate of diffusion of ferric ammonium citrate into serum. 
□ 20%; A 10%; O 5%. 

4. Rate curves, a 20 % ferric ammonium citrate; □ 10 % ferric ammonium citrate; 
0 5% ferric ammonium citrate. 


NaH.,P0 
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8-5 

Na a HPO a 
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Fig. 5. 


6 hours 
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Fig, 


5. Effect of acid and alkali on the diffusion rate of ferric ammonium citrate into serum. 
□ 0-1 N HC1; O H 2 0; a 0-1 N NaOH. 

6. Effect of 0*7 M phosphate ion on the diffusion of ferric ammonium citrate into serum. 


The figure shows that the rate of diffusion from an acid medium is slightly 
faster than that from distilled water and the rate from an a lk al in e medium is 
slightly slower. 
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(3) The effect of sodium phosphate on the rate of diffusion 
of ferric ammonium citrate. 

Sufficient Na a HP0 4 was added to an aqueous solution of ferric ammonium 
citrate to make solutions containing 10 % ferric ammonium citrate which were 
respectively 0*035, 0*07, 0*35 and 0*7 M with respect to Na 2 HP0 4 . Similar 
solutions were made using NaH 2 P0 4 and Na 3 P0 4 . 4 ml. of each of these 

12 solutions were dialysed against 20 ml. of normal horse-serum for 6 hours. 
The results for' the 0*7 M phosphate solutions are given in Fig. 6. In the case 
of NaH 2 P0 4 , the p- K of which was 5*35, there was a slight inhibition of the rate 
of dialysis as compared with a simple 10 % aqueous solution of the ferric 
ammonium citrate. In the case however of the two alkaline phosphates, the 
Pu values of which were 8*5 and 11 * 0 , the inhibition of diffusion was very 
considerable. No precipitate whatsoever could be detected in any of these 
solutions. From a study of the other phosphate concentrations, it was found 
that the effect of the phosphate ion decreased with decreasing concentration. 
In the case of NaH 2 P0 4 , the inhibition of the rate of diffusion of the iron salt 
was of the same order as that found for neutral sodium chloride. For the alkaline 
phosphates, however, the depression of the rate of diffusion by the higher 
concentrations was approximately twice that of neutral sodium chloride. 

The absolute rate of diffusion of ferric ammonium citrate in 0*7 M Na 2 HP0 4 
is plotted against time in Fig. 7. Special saline was used as the diffusion medium. 
It will be observed that there was almost complete inhibition of the diffusion 
of ferric ammonium citrate and that what diffusion did occur, proceeded at a 
constant rate. Since no precipitate was fomid during the experiment, it was 
necessary to consider the possibility that the iron and phosphate together were 
modifying the capillary permeability of the cellophane membrane by forming 
a true adsorption compound within the pores of the membrane. Such pheno- 
mena occur when copper sulphate and potassium ferrocyanide are independently 
diffused through porcelain membranes, resulting in a complete change in the 
character of the membrane. Such adsorption compounds are usually per- 
manently fixed in the membrane. In order to test this possibility, 10 % aqueous 
solutions of ferric ammonium citrate were diffused for 1*5 hours into normal 
horse-serum. The sacs were then washed out thoroughly in distilled water, and 
a 10 % solution of ferric ammonium citrate in 0*7 M Na 2 HP0 4 was diffused 
through the same membrane for 1-5 hours. The sac was once more thoroughly 
washed out in distilled water, and a 10 % solution of ferric ammonium citrate 
was diffused again through the membrane. The results are given in Fig. 8 and 
show that the rate of diffusion of the ferric ammonium citrate through the 
membrane was exactly the same after the passage of iron and phosphate together 
as it was before. 

( 4 ) The effect of so?ne other electrolytes on the diffusion 
of ferric ammonium citrate . 

The effect of some other electrolytes on the rate of diffusion of ferric am- 
monium citrate was studied. 10 % solutions of these substances — ammonium 
chloride, sodium citrate, sodium bicarbonate and sodium chloride — were used, 
in which ferric ammonium citrate had been dissolved to give also a concen- 
tration of 10 % with respect to the iron salt. 4 ml. of each of these solutions 
were then diffused against 20 ml. of special saline for 1, 1-| and 3 hours. In 
this experiment special saline was preferred to serum in order to avoid the 
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occasional precipitation of serum-proteins by the electrolytes. The results are 
shown m Fig. 9, in comparison with a block for the diffusion of 10 °/ ferric 
ammonium citrate in distilled water under the same conditions. These various 
electrolytes decreased the rate of iron diffusion at the 3-hour period by amounts 
varying from 8 % for ammonium chloride and potassium citrate to 18 % for 
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Fig. 8. Showing the failure of ferric ammonium citrate in the presence of phosphate ion to 
change the characteristics of cellophane membranes. puospnate ion to 
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Diffusion into special diffusion medium (1 hour) 
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di'ffus^n mediurn. 0tlS ele ° tr ° lyteS on the ***** of ferric ammonium citrate into special 
Fig. 10. Effect of acid on the diffusion of some iron salts. 

sodium bicarbonate There seems to be no relationship between the action of 
w! electrolytes which are acid on hydrolysis and of those which react as 
spite, of 'the common citrate ion, neither potassium nor sodium citrate 
deceased the rate of iron diffusion below that found for sodium chloride, 
k® f“^ eSdea ^ th<i strikin g Inhibitory action of the alkaline phos- 
d f a0n I ° f f f rie ammonium citrate, while Fig. 6 demonstrates 
that the acid sodium phosphate has a much weaker inhibitory effect, which is 
of the same order as those of the other electrolytes tested. 
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(5) A comparison between the diffusion of ferric ammonium citrate and that 
of some other soluble iron compounds . 

The rates of diffusion of ferric chloride, ferrous sulphate, ferrous ammonium 
sulphate and ferric ammonium sulphate were studied under conditions com- 
parable with those used in the case of ferric ammonium citrate. 4 ml. of a 
10 % solution of ferric ammonium citrate, which were used in that study, 
contained 70 mg. of metallic iron. Therefore, concentrations of the above salts 
were used such that 4 ml. contained 70 mg. of metallic iron. One- and three- 
hour periods were used in these experiments, and special saline was employed 
as a diffusion medium. Each of the iron salts was studied both in solution in 
distilled water and in 0*1 A HCL The results are given in Fig. 10. The rate of 
diffusion of each of these salts was greater than that of ferric ammonium citrate, 
and with the exception of ferric chloride, the diffusion rate out of 0*1 A HC1 
was greater than out of distilled water. Ferric chloride, being an extremely 
acid salt, was naturally enough not affected by the presence of 0*1 A HCL 

All four of these soluble iron salts formed insoluble precipitates when they 
were added in the concentrations used in these experiments to 0*7 M Na 2 HP0 4 . 

Discussion. 

The data concerning the effect of increasing the concentration of ferric 
ammonium citrate on the diffusion of this salt need no comment. Two possible 
explanations can be offered for the effect of acid and alkali. The membrane 
itself may be modified by the presence of hydrogen or hydroxyl ions in contact 
with it, or the acid and alkali may interact directly with the ferric ammonium 
citrate to form substances having a higher or lower diffusion rate. The effect of 
electrolytes in general was to decrease the rate of diffusion of ferric ammonium 
citrate to a moderate degree. This observation is explicable on the ground that 
when electrolytes are present a portion of the osmotic work is being done by 
the electrolytes, and consequently, during any given time, a smaller number of 
molecules of ferric ammonium citrate pass through the membrane. Sodium 
dihydrogen phosphate acted in the same manner as the other electrolytes tested. 
The alkaline sodium phosphates however behaved quite differently. From the 
study of the true rate curve of iron diffusion (Fig. 7), it appears that after 
reaching a very low rate of diffusion the rate continues at a constant level. 
It was thought at first that adsorption compounds were formed within the 
membrane so that instead of a cellophane membrane being present, a cellophane 
membrane impregnated with ferric phosphate resulted. The crucial experiment 
described above, indicated quite clearly that such was not the case. In the 
absence of a precipitate the only reasonable explanation that could be offered 
was that the membrane became loosely plugged with a colloidal ferric phosphate. 
The fact that the presence of salts having a common citrate ion did not decrease 
the rate of diffusion below that found for sodium chloride may he considered 
evidence that ferric ammonium citrate diffuses through cellophane membranes 
largely as an undissociated molecule. From this study it has appeared that ferric 
ammonium citrate, which was chosen because it is a freely soluble iron compound 
and is used widely as a therapeutic agent, is in some ways unique. It is the 
only one of the five soluble iron compounds studied, which does not form a 
precipitate in 0*7 M Na 2 HP0 4 . Secondly, it is the only soluble iron salt which 
is extensively used as a therapeutic agent. The other forms of therapeutic iron 
in common use for oral administration being ferrum reduetum and ferrous 
carbonate in the form of Blaud’s pill. 
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It is of interest to compare with the above observations, certain results of 
investigations in vivo on the response of the organism to certain forms of orallv 
administered iron. Mettier and Minot [1931] have shown that in hypochromic 
anaemia the reticulocyte response following oral administration of ferric am- 
monium citrate is greater when the iron is administered in an acid-buffered 
medium than when it is given in an alkaline-buffered medium. It was shown 
by Marlow and Taylor [1934] that the urinary excretion of iron is raised when 
ferric ammonium citrate is given orally in acid-buffered solutions, but not when 
it is given in alkaline-buffered solutions. These two observations indicate that 
ferric ammonium citrate, at any rate, is more readily absorbed when it is ad- 
ministered in an acid-buffered solution. Mettier [1930] found that the acid- 
buffered beef-steak medium, which he used, very materially altered the v of 
the duodenum for 2-3 hours, the tune being longer when achlorhydria was 
present. The fact that the acid-buffered medium had a more prolonged effect 
in increasing the hydrogen-ion concentration of the duodenum of achlorhydric 
individuals than in the case of patients with a normal gastric acidity is interest- 
ing although Mettier makes no comment on it. It appears to indicate that 
achlorhydric individuals are also deficient in their power to secrete alkali into 
the duodenum. Macalhun [1893] and Abderhalden [1900] have claimed that 
iron is principally absorbed from the duodenum. Mitchell and Miller [1929] 
have shown that the ash of spinach, which contains iron, copper and manganese 
is a better haemoglobin-building supplement to a milk diet in anaemic rats 
when the ash is dissolved in hydrochloric acid than when it is mixed in insoluble 
form with the food paste. It was shown by Cox et al. [1931] that soluble 
aluminium salts and ferric salts, when added to the diet of guinea-pigs in excess 
°*™ e Phosphorus present, cause a marked lowering of the inorganic phosphorus 
of the blood and of the calcium and phosphorus in the ash. This effect can be 
prevented by the addition to the diet of sodium dihydrogen phosphate in amount 
equivalent to the iron or aluminium. They state that these effects are due to 
the precipitation of alimentary phosphorus as the ferric and aluminium phos- 
phates. * 

Brock and Diamond [1934], working with rats, have shown that the 
addition of large amounts of ferric or ferrous salts to a non-rachitogenie diet 
produces rickets. They have shown that the rickets can be prevented by the 
addition to this iron- containing diet of sufficient phosphate theoretically to 
combine with all the iron present. This work was undertaken as a sequel to the 
observations described in this paper on the effect of phosphates on the dialysis 

So little is known about absorption from the gastro-intestinal tract that it is 
impossible to do more than speculate on the interpretation of some of these 
observations. But they do indicate the probability that reactions in the gastro- 
intestinal tract between iron and acids, bases and electrolytes may play an 
important role m determining the availability of that iron for absorption by 
the organism. Studies m vitro of such reactions may therefore lead to knowledge 
ot tiie conditions favouring the absorption of iron. 


Summary. 

The r . ate ? f °f certain soluble iron compounds across cellophane 

membranes lias been studied under various conditions. 

, JL ^ ^ ? f dia l y 'f S of ferric am monium citrate is directly proportional 
to the concentration of the salt. J 1 L 
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3. The rate of dialysis of ferric ammonium citrate into serum and into a 
special non-protein diffusion medium is increased by the presence of 0*1 N HC1. 
It is decreased slightly by 0*1 IV NaOH, moderately by the presence of a variety 
of electrolytes, including sodium dihydrogen phosphate, and very markedly by 
secondary and tertiary sodium phosphates, in the absence of precipitates. 

4. The rates of dialysis of certain other soluble iron compounds are com- 
pared with that of ferric ammonium citrate. 

5. Certain observations in vivo recorded in the literature on the response of 
man and animals to various forms of iron therapy are set out for comparison. 
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LXIV, A SIMPLE METHOD FOR THE PURIFICA- 
TION OF CITRUS PECTIN. 

By HOMI RUTTONJI NANJI and JAMSHEDJI JIJIBHOY CHINOY. 

(Received February 20th , 1934.) 

The preparation of highly purified pectin has hitherto depended upon the use of 
electrodialysis, prolonged settling of impurities [cf. Emmett, 1926] and similar 
methods. In any event, it is doubtful whether pure samples of esterified pectin 
have been obtained ; only calcium pectate and pectic acid were regarded as 
obtainable in a pure state. The development of a method for preparing the 
esterified (soluble) pectin in a state of purity was, therefore, desirable. It has 
been found possible to do this readily by removing the impurities usually 
associated with pectins (prepared from Citrus fruits) by a method involving the 
use of iodine and bromine as oxidising agents in aqueous solution. 

Norman and Norris [1930] had observed that pectin is very stable to oxida- 
tion with bromine in presence of calcium carbonate. Block and Cowgill [1932] 
had already used a method of oxidation to remove gums etc. from antineuritic 
vitamin extracts. 

Iodine and bromine are usually employed as oxidising agents in alkaline 
solution. The presence of any alkali is evidently ruled out in this case on 
account of the extreme susceptibility of the ester groups in pectin to alkalis. 
However, it was found that oxidation of the impurities readily took place in a 
neutral or faintly acid medium without any appreciable effect on the pectin. 
Dilute solution of hydrogen peroxide was also tried without success. 

Experimental. 

Purification by partial oxidation with halogens . 

General Method. Pectin solution, about 0*5 %, was prepared by dissolving 
the pectin in boiling water. To 50 ml. of the cooled pectin solution about 3 ml. 
of Y/ 10 iodine solution were added. The oxidation was allowed to proceed for 
varying peiiods and at different temperatures. The excess of iodine was then 
removed by shaking two or three times with ether until the aqueous layer was 
colourless. The excess could also be removed by war min g in vacuo at 40°, or 
by bubbling air through the solution at the same temperature. Pectin was then 
piecipitated by 95 % alcohol and after two hours filtered on muslin, finally 
passed through various grades of alcohol and dried in the oven at 100° for 
20 hours. 

Two commercial varieties of pectin were purified and a sample of grape fruit 
pectin, obtained by extraction of the rind with JSf / 75 HC1, was similarly treated. 
In each series a control experiment was carried out, in which the pectin was 
precipitated without treating with iodine. The methoxyi value 1 and calcium 
pectate value 2 of the purified samples of pectin were determined (Table I). 

1 The Me0 va, lues were determined by the miero-Zeisel method [Pregl, 1930]. 

2 . The calcium pectate values were determined by taking an aliquot portion of the purified 
pectin dried at 100° for 20 hours, using the method of Carre and Haynes [1922]. 
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Table I. Purification with iodine. 


Sample of pectin 

Time of 
oxidation 

Tempera- 
ture of 
oxidation 

°C. 

Yield of 
purified 
pectin 

g* 

MeO % 

Calcium pectate *} 

Series I : 

1. Commercial 

Control 

20 

0-23 

9-6, 9-6 

94*9, 94*78 

pectin I 

2. 

12 hours 

20 

0-21 

10-6, 10-5 

100*0, 100*15 


20 „ 

20 

0-20 

11*0, 11*15 

100*4, 100*4 

4 °. 

48 „ 

20 

0-19 

11*4, 11*4 

100*7, 100*8 

5. ,, 

72 „ 

20 

0-19 

11*6, 11*56 

100*9, 100*8 

6. 

l hour 

90-95 

0-18 

11*1, 3.1*0 

100*5, 100*7 
100*2, 100*2 

7. 

I „ 

90-95 

0-16 

10*9, 10-8 

8. 

1 „ 

2 hours 

40 

0-19 

11*5, 11*4 

100*8, 100*7 

9. 

40 

0-18 

11*4, 11*28 

100*6, 100*38 

10. 

6 „ 

40 

— 

10*9, 10*7 

100*8, 100*7 

Series II : 

1. Commercial 

Control 

20 

0-22 

7*9, 7-9 

03-9, 94-0 

pectin II 

2. 

24 hours 

20 

— 

8*1, 8*2 

96*0, 96*5 

3. 

48 „ 

20 

— 

9*1, 9*2 

100*0, 100*1 

4. 

5 days 

20 

0*19 

9*3, 9*2 

100*4, 100*3 

5. 

10 „ 

20 

0-17 

9*5, 9*4 

100*5, 100*4 

6. 

1 hour 

40 

0-20 

9*4, 9*38 

100*7, 100*6 

7. 

2 hours 

40 

0*19 

9*3, 9*3 

100*3, 100*1 

8. 

6 „ 

40 

0-18 

8*8, 8*5 

100*3, 100*4 

9. 

| hour 

90 

0-18 

9*1, 9*26 

100*4, 100*3 

10. 

4 hours 

90 

0-16 

8*6, 8*5 

100*2, 100*3 

Series III* : 

1. Grape fruitt 

Control 

20 

0-22 

9*4, 9*4 

93*1, 93*2 

pectin 

2. 

1 day 

20 

0-20 

11*2, 11*2 
11*3, 11*2 

100*1, 100*2 

3. 

2 days 

20 

0-20 

100*7, 100*5 

4. 

6 „ 

20 

0-18 

11*3, 11*3 
11*3, 11*38 

100*7, 100*8 

5. 

1 hour 

40 

0-19 

100*4, 100*3 

6 . „ 

2 hours 

40 

0-17 

11*6, 11*5 

100*6, 100*6 


* It will be recalled that Norman [1928], while attempting to prepare pure pectins from lemons 
and oranges, always obtained pectin having an apparent methoxyl value 8-5 % , although the real 
methoxyl content calculated from calcium pectate yield "was 11*4. This low methoxyl value, he 
suggested, was due to admixture with partially de-esterified pectin and other degradation products 
produced by the action of the acid of the juice. This difficulty is readily overcome by using the 
rind instead of the entire fruit. 

*j* Prepared by extraction of the grape fruit rind with Nj 75 HC1; MeO and Ca pectate values 
corrected for ash. 

It will be seen that purification was slow at ordinary temperature, but at 
40° it was complete in about 1-2 hours. Longer beating or heating at higher 
temperatures only tended to cause a slight hydrolysis of the methoxyl groups. 
The yield of oven- dried purified pectin hi all cases was over 70 % of the starting 
material. Whilst the calcium pectate values showed a removal of 5-6 % of the 
“impurity, 55 the methoxyl values were raised by 10-20 %. This would tend to 
show that halogens destroyed some pectin with lower methoxyl content. Also, 
in Series II, the highest methoxyl value obtained was 9-5 % ; this was probably T 
because the sample was a mixture of tri- and tetra-methoxypectic acid. 
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Purification with bromine water . 

Tlie purification was carried out exactly as described with iodine (p. 450) 
using approximately 20 ml Nl 10 bromine water for each scram of nectin 
. (Table II). • ‘ P 

Table II. Purification with bromine water. 

Tempera- Yield of 


Sample of pectin 
Series I: 

1. Commercial 

pectin I 

2 . 

3. 

4. 

5. 

(). „ 

7. 

8. 

Series II: 

1. Commercial 
pectin II 
2 * , 9 

3. 

4 . 

5 * 

Series III : 

1. Crape fruit 

pectin 

2 . „ 

3. 

4 . 

5. 



ture of 

purified 


Time of 

oxidation 

pectin 

MeO °o 

oxidation 

°C. 

S' 

' ^ 

Control 

20 

0*23 

9*6, 9*0 

24 hours 

20 

0*21 

11*2, 11*2 

48 „ 

20 

0*20 

11*5, 11*45 

72 „ 

20 

0*20 

11*5, 11*6 

1 hour 

40 

Sic 

11*4, 11*4 

2 hours 

40 

0*18 

11*2, 11*2 

i hour 

90 

* 

10*9, 10*8 

1 „ 

90 

0*16 

10*5, 10*4 

Control 

20 

0*22 

7*9, 7*9 

2 days 

20 

0*20 

9*6, 9*58 

4 „ 

20 

sic 

9*6, 9*5 

1 hour 

40 

* 

9*6, 9*5 

2 hours 

40 

0*18 

9*2, 9*1 

Control 

20 

0*22 

9*4, 9*4 

24 hours 

20 

* 

11*3, 11*4 

48 ,, 

20 

0*20 

11*3, 11*5 

1 hour 

40 

0*18 

11*5, 11*4 

2 hours 

40 

0*18 

11*5, 11*4 


* Not determined. 


Calcium pectate % 


94-9, 94-78 

100*3, 100*4 
100*8, 100*9 
100*9, 100*9 
100*7, 100*6 
100*0, 100*4 
100*3, 100*4 
100*2, 100*3 


93*9, 94*0 

100*1, 100*2 
100*6, 100*8 
100*5, 100*5 
100*3, 100*4 


93*1, 93*2 

100*3, 100*4 
100 * 6 , 100*8 
100*3, 100*4 
100*5, 100*5 


On comparing the above results with those obtained with iodine, it will be 
seen that bromine water was even more satisfactory than iodine,' for its action 
was quicker; also, the excess of bromine was more readilv removed, and the 
purified pectin was perfectly white. 

Purification with chlorine water. 

Attempts were made to carry out the purification by means of chlorine water 
under conditions similar to those described above, but without success. Partial 
de-esterification of the methoxyl groups and degradation of the pectin molecule 
itself were found to occur. Complete degradation occurred in 3 days at room 
temperature and m 1 hour at 40° with the production of brown gummy sub- 
stances whose nature has not been ascertained. 

Purification with hydrogen peroxide. 

1 g. of the pectin dissolved in 200 ml. water was treated with 10 ml of 
hydrogen peroxide (20 vols.) for varying periods at room temperature and the 
pectin was recovered as usual. At ordinary temperature no change in the 

me ™ y \ and Calcmm P ectate values was observed (this fact is in conformity 
with the observations of Norman and Norris [1930]). After treatment at higher 
temperatures, however, the pectin was completely oxidised, and no precipitate 
was obtained on addition of alcohol. The nature of these oxidation products is 
under investigation. 1 
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Action of halogens on sodium pectate and pectic acid. 

As the halogens seemed to have slight action on partly de-esterified pectin it 
was of interest to study their action on other pectic substances such as sodium 
pectate and pectic acid. 

(A) Sodium pectate. Preliminary experiments showed that the action of 
iodine on sodium pectate was very slow. Sodium pectate (2 g.) was dissolved in 
water and the solution divided into eight equal parts. Each part was treated 
with an excess (20 ml.) of Nj 10 iodine solution for varying periods at different 
temperatures, the excess of halogen was removed, and the sodium pectate was 
precipitated by alcohol (2 vols.), washed, dried at 100° for 20 hours and weighed 
(Table III). 

Table III. Action of iodine on sodium \ pectate. 




Yield of sodium pec- 

Time of treatment 

Temperature (° C.) 

tate recovered (g.) 

Control 

Room 

0-24 

24 hours 


0-24 

72 „ 


0*21 

120 „ 


0*20 

240 „ 

40-50* 

0*19 

24 „ 

0*22 

72 „ 

40-50* 

0*20 

48 „ 

90* 

0*20 

* A fresh quantity of N / 10 iodine solution was added 
colourless. 

when the solution became almost 


Approximately 20 % of sodium pectate was destroyed in 10 days at ordinary 
temperatures, in 3 days at 40-50° and in 2 days at 90°. 

(B) Pectic add. 0*2 g. samples of pectic acid were weighed in a flask, sus- 
pended in water and treated with 20 ml. of Nj 10 bromine or iodine solution as 
shown in Table IV. (More halogen was added from time to time to replace the 
loss at higher temperatures.) Alcohol (2 vols.) was then added to precipitate any 
pectic acid dispersed in solution; the precipitate was collected, washed with 
alcohol, dried at 100° for 20 hours and weighed (Table IV). 


Table IV. Action of halogen on pectic acid. 



Time of 

Temperature 

Yield of pectic 
acid recovered 


treatment 

C C. 

g- 

1. Control 

— 

— 

0*20 

2. Treatment with iodine 

2 days 

Room 

0*20 

3. 

3 „ 

?? 

0*19 

4. 

10 „ 

?? 

0*19 

O- y 9 

3 „ 

50 

0*18 

6. 

6 ,, 

50 

0*17 

7. , ,, 

3 „ 

90 

0*16 

8. Treatment with bromine 

3 „ 

50 

0*17 

9. 

5 „ 

50 

0*10 


The action of halogen on pectic acid is negligible at room temperature and 
slight even at higher temperatures; this is probably due to its insolubility. 

Action of halogens on the impurity isolated from a commercial Citrus pectin. 

The “impurity/’ probably hemicellulose, from commercial pectin was ob- 
tained by allowing the pectin solution to stand overnight with sufficient lime 
water to render the solution just alkaline. After removing the precipitated 
calcium pectate, excess calcium was removed by adding oxalic acid till just 
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neutral, filtering and precipitating the filtrate with alcohol. 20 g. Citrus pectin 
gave 0-75 g. of the “impurity,” i.e. 3-75 %; the latter contained about 23 °/ 
inorganic matter. /0 

This isolated impurity (0-9 g.) was dissolved in water, the solution divided 
into three equal parts and then treated with excess of iodine or bromine solution 
at 40° for 6 hours. At the end of that period, alcohol (2 vols.) was added, and 
the insoluble impurity recovered was dried at 100° for 20 hours and weighed As 
treatment with iodine failed to destroy about 33 % of the impurity the experi- 
ment was repeated, increasing the time of reaction to 12 hours. It was extra- 
ordinary to find that about 30 % of the impurity was still unattacked. This was 
possibly due to some change, physical or chemical, in part of the impurity during 
isolation. That this was actually the ease was proved by an indirect procedure 5 
A sample of pectin was first treated with iodine as on p. 456, and an attempt to 
isolate the impurity, by the method described above, was made. The product 
isolated from 20 g. of purified pectin weighed about 0-1 g. and consisted entirely 
of inorganic matter. ' J 

The results of treatment of the impurity with halogens are recorded below. 


1. Control 

2. Treatment with iodine for 6 hours 

3. Treatment with iodine for 12 hours 

4. Treatment with bromine for 6 hours 


Yield of ash-free 
impurity recovered 

0-17 

0*08 

0-07 

0*01 


Application of the above methods to the preparation of pure pectin from. 

plant materials . 

The method was used in the preparation of very pure samples of pectin from 
Citrus fruits (grape fruit and lemon). The white inner rind of these was used and 
extraction was carried out by means of hot N/ 75 HC1. (Extraction with 4ater 
gave very small yields, and 0-5 % ammonium oxalate removed an excessive 
amount of non-pectic substance.) The extraction was carried out bv addins 
about 10 times the quantity of acid to the powdered rind, and after keeping at 
ordinary temperature overnight, boiling for 1-2 hours on a water-bath; the 
extract was then filtered off at the pump. The cooled pectin extract was then 
directly treated with a fair excess of Nj 10 bromine water or iY/10 iodine 
solution (iodine is not as satisfactory as bromine, for reasons already stated), 
an kept for 2 days at room temperature. The excess of halogen was then 

removed by ether, the pectin precipitated with alcohol and treated in the usual 
manner. 

In certain cases, the method detailed above gave a slightly coloured product, 
owing to the presence of certain impurities which gave red to violet colorations 
with lodma Also m other cases impurities which readily absorb halogens were 

f e + S ,? n i W K Ch ne , C ffi Slt f ted the use of a lar S e quantity of the oxidising agent. 

+ th j\ ab T , dl ® oultles c °u!d, however, be avoided if the pectin was pre- 
cipitated by alcohol immediately after extraction, redissolved in water and then 
treated with the oxidising agent. 

recorded e in U Table e V traCti ° n pUrifieation of 8 Ta P e &uit and lemon pectin are 

Determinations of total furfuraldehyde and the uronic anhydride content of 
the several samples of pectm, after purification by the methods evolved, were 
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Table V. 


Sample of pectin 

Series I: 

1. Lemon pectin without purification 

2 . Lemon pectin directly treated with iodine 

3. Same as 2 with bromine 

4. Lemon pectin precipitated after extraction, 

redissolved and then treated with iodine 
'5. Same as 4 with bromine 

Series II : 

1. Grape fruit pectin without purification 

2. Grape fruit pectin directly treated with iodine 

after extraction 

3. Same as 2 with bromine 

4 . Grape fruit pectin precipitated after extrac- 

tion, redissolved and then treated with iodine 

5. Same as 4 using bromine 


% yield 


Ca 

(calculated 

MeO % 

pectate % 

on wt. of 

(Mean of 

(Mean of 

air-dried 

two deter- 

two deter- 

rind) 

minations) 

minations) 

25 

9*4 

95 

21-8 

11*4 

100*2 

20-8 

11*5 

100*4 

20*0 

11*7 

100*6 

18*9 

11*6 

100*7 

24*1 

9*8 

95*3 

20*7 

11-T 

100*6 

20*0 

11-6 

100*7 

18*0 

11*7 

100*8 

17*2 

11*7 

100*8 


■Remarks 

Deep yellow-coloured product 
Slightly coloured product 
White product 
White product 

White product 


White product 
White product 

White product 


carried out in order to test the agreement between the values obtained and those 
required by the formula given to the basal molecule of pectic acid by Nanii, D. R. 
et al. [1925] (Table VI). 

Table VI. 


Commercial pectin I 
„ II 

Grape fruit pectin 
Lemon pectin 


Furfuraldeliyde % 

Uronie acid anhydride % 

A 

Found 

Calculated* 

Found Calculated* 

20*28 

— 

69-60 — . 

20*40 

— . 

69*80 — 

20*38 

20*45 

69*80 69*60 

20*31 

— 

69*70 — 


* Based on Nanji, Paton and Ling’s formulae. 


Discussion. 


The purification of pectin with bromine and iodine in aqueous solution gives 
a rapid method of preparing pectin in a state of extreme purity, both from 
fairly pure commercial samples of pectin and also from Citrus fruits. The 
method would be particularly useful for investigations involving the structure of 
pectin, for unless a perfectly pure uniform sample of pectin were available 
conclusions regarding its ultimate constitution would have to be accepted with, 
reserve. It is intended to extend the method to pectins from sources other than 
Citrus fruits. 

The furfuraldeliyde and carbon dioxide figures for purified pectin, as well as 
the action of halogens on sodium pectate and pectic acid, clearly show that no 
violent change has been produced in the pectins themselves by the action of 
halogens. The stability of the methoxyl groups in pectin towards oxidising 
agents is remarkable. Some evidence is already at hand to show that the fully 
methoxylated pectic acid is more stable to oxidation than the partly de-esterified 
pectin. 

A full discussion of the function of methoxyl groups in pectin and the part 
they play in the genesis of pectin must be reserved till the work now in hand is 
completed ; but it may be suggested that their function appears to he to prevent 
biological oxidation of pectin in plants. 


Biochem. 1934 xxvm 


30 


mm 


4 ! 


, v .J 




462 


H. E. NANJI AND J. J. CHINOY 


Summary. 

1. Samples of pectin prepared from Citrus fruits and containing 90-95 »/ 
pectin can be further purified by treatment with bromine water or iodine a? 
temperatures between 20° and 40°. 

2. Chlorine water under similar conditions causes breakdown of the pectin- 

dilute hydrogen peroxide is without action. 1 

3. The furfuraldehyde and carbon dioxide yields from pectins purified bv 
this method agree with those usually accepted for highly purified pectin. ' V 

4. The methoxyl content of certain samples is found to approach very 

nearly that required by a fully methoxylated pectic acid. ,V 

5. The halogens have little action on sodium pectate and pectic acid. 

The authors wish to record their thanks to the Coleer Pectin Company, New 
York and the California Fruit Growers Exchange for supplying commercial 
samples of Citrus pectin. W1 
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LXV. THE SUPPLEMENTARY RELATIONSHIPS 
BETWEEN THE PROTEINS OF WHEAT 
AND RYE BREADS AND THOSE OF 
THE PEA (PISUM SATIVUM). 

By ZOFJA MARKTJZE. 

From the Laboratory for the Investigation of the Nutritional Value of Foodstuffs , 
Biochemical Department , State School of Hygiene , Warsaw , Poland . 

(Received February 23rd, 1934.) 

It lias been reported by Kon and Markuze [1931] that a supplementary relation 
exists between the proteins of soya bean flour and those of wheat and rye flour. 
The present paper deals with the effect of an addition of pea meal (from Pisum 
sativum ) to the two latter substances on the biological value of their proteins. 


Experimental. 

The biological values of the proteins of pea meal, rye bread (baked from 
70 % rye flour by the Municipal Bakeries in Warsaw), of two mixtures of wheat 
rolls and pea meal and of two mixtures of rye bread and pea meal have been 
determined by the method of Osborne et al. [1919]. 

The bread was dried at 35° and the dry product ground in a mill. The peas 
were boiled, dried and ground. The following mixtures were used: wheat-pea 
mixture I ; wheat rolls 80 % , pea meal 20 % ; wheat-pea mixture II ; wheat rolls 
60 % , pea meal 40 % ; rye-pea mixture I ; rye bread 80 % , pea meal 20 % ; 
rye-pea mixture II; rye bread 60 %, pea meal 40 %. The nitrogen contents of 
the above products are given in Table I. The composition of the diets is given in 
Table II. The biological values of the proteins were, in most cases, estimated at 


Table I. 


Product examined 

Rye bread from 70 % rye flour 
Pea meal 

Wheat-pea mixture I 
Wheat-pea mixture II 
Rye-pea mixture I 
Rye-pea mixture II 


Protein content (cal- 
culated on dry wt.) 
N x 6-25 (%) 

7-4 

26-2 

14*0 

16-8 

11*2 

14*6 


Ratio of bread- to 
pea-proteins 


1*8 

1 

1*1 

1 


1 

1*5 

1 

2*4 


several levels of protein intake. Albino rats bred in the laboratory were used in 
the experiments. The technique of the tests was as described by Kon and 
Markuze [1931]. The results will be found in Table III. 

It will be seen from the tables that for the pea- meal- proteins alone a biological 
value of from 1*2 to 1*4 was found at 3 levels of protein intake. On the other 
hand the values found for the wheat-pea mixture I were from 1*6 to T9, while 

30 — 2 
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Source of protein 


Table II. 

All values refer to dry weights 

Composition of diets 


Rye bread from 70% rye flour 


Pea meal 


Level of protein intake (N x 6-25) 
7-1 % 



Bread 

95 


Salts* 

5 

Level of protein intake (N x 6*25' 


6.00/ 
u ^ , 0 

8*2 °/ 

° *- J , o 

Pea meal 

22*9 

30*5 

Butter fat 

10*0 

10*0 

Salts 

5*0 

5*0 

Potato starch 

62*1 

54*5 

Level of protein intake (N x 6*25) 


6*1% 

8*8% 

Mixture 

42*8 

57*1 

Butter fat 

10*0 

10*0 

Salts 

5*0 

5-0 

27*9 

Potato starch 

42*2 

Level of protein intake (N x 6*25) 


6-3% 

8*1% 

Mixture 

35*7 

47*6 

Butter fat 

10*0 

10*0 

Salts 

5*0 

5*0 

Potato starch 

49*3 

37*4 


Level of protein intake (N x 6-25) 



6.0 0/ 

U w /0 

8*2°/' 
° - ,0 

Mixture 

53*5 

71*4 

Butter fat 

10*0 

10*0 

5*0 

Salts 

5*0 

Potato starch 

31*5 

13*6 


12-5C 

45-8 

10-0 

5-0 

39-2 


11 * 2 % 

80*0 

10*0 

5*0 

5*0 


n-o% 

65*5 

10*0 

5*0 

19*5 

10*5% 

95*0 

5*0 


Level of protein intake (N x 6*25) 


Wheat-pea mixture I 


Wheat -pea mixture II 


Rye-pea mixture I 


Eve-pea mixture II 


* Steenboek and Nelson’s [1923] salt mixture No. 40. 

^to e tb n ?7 lie fC Pe t mixta f gave at a]1 tllree Ievels a value of at least 2-0, i e 

aU ca^ t/Tl ^ ^° n f ld ^ arkuze C 1931 ] the proteins of wheat rolls. In 

wo?eSs ,f tW gl C le + °! the Pr ° teins of the mixtures exeee ds that of the 
proteins ot the separate constituents. 

Tn f similar S ^ pplementar y relation was also found for the rye-pea mixtures 
In the case of the rye-pea mixture I the biological value was 2-0 and 2-1 for the 
two lower levels and 1-6 for the highest level; it varied from 1-5 to 1-6 for aS 

vdue of 11 °Ow ?°% mLxtUre ' ^ bread alolle g^e a definitely lower 

«bT eSU i ltS 1 f imil t r t0 t J 10Se found in tIle case of wheat-pea mixtures have been 
enmp e< H Wll -!n Wheat gl ? ten was fed to rats either as the sole source of protein or 
combined with pea meal. The mixture was composed of 80 % of pea meal and 

20 / 0 of wheat gluten (containing 84-2 % of protein). The two (lets were fed 



6*3% 

8*5% 

11*8 

Mixture 

41*0 

55*0 

75*5 

Butter fat 

10*0 

10*0 

10*0 

Salts 

5*0 

5*0 

5*0 

Potato starch 

44*0 

30*0 

9*5 
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Table III. 

Bio- 

logical. 

Protein Total intake value 

(N x 6*25) ( ^ Initial Gain of 


Source of protein 

content* 



Food* 

Protein* 

wt. 

in wt. 

protein 


in diet 

% 

Rat no. 

Days 

g- 

g.=a 

g. 

g.=b 

hja 

Mean 

Rye bread from 
70 % rye flour 

7*1 

827 $ 

31 

236*8 

16*8 

66 

14 

0*83 

1*14 


902$ 

31 

346*5 

24-6 

61 

30 

1*22 



903$ 

31 

329*6 

23-4 

64 

27 

1*15 




830$ 

31 

303*1 

21-5 

69 

29 

1*35 


Pea meal 

6-2 

786$ 

31 

.183*1 

11*3 

46 

14 

1*24 

1-21 



789 o 

31 

177*3 

11*0 

45 

13 

1*18 



8-2 

785$ 

31 

200*0 

16*4 

45 

20 

1*22 

1*21 



788 <? 

31 

223*3 

18*3 

49 

22 

1*20 



12*5 

784$ 

31 

■242*0 

30-2 

40 

41 

1*36 

1-38 



787 $ 

31 

245*8 

30*7 

41 

43 

1*40 


Wheat -pea 

6-1 

745$ 

31 

302*5 

18-4 

55 

35 

1*90 

1-92 

mixture I 


746$ 

31 

235*7 

14-4 

60 

28 

1*94 



8-8 

747 2 

31 

306-7 

27*0 

60 

45 

1*67 

1-57 



749 <? 

31 

285-8 

25*1 

58 

37 

1*47 



11*2 

748$ 

31 

349-8 

39-2 

63 

66 

1*68 

1-77 



750 <? 

31 

264-4 

29*6 

68 

55 

1*86 


Wheat-pea 

6*3 

752$ 

31 

285-9 

18-0 

54 

39 

2*17 

2-11 

mixture II 


755 £ 

31 

294-3 

18-5 

60 

38 

2*05 



8-1 

753$ 

31 

319-5 

25-9 

53 

49 

1*89 

2-08 



754$ 

30 

330-8 

26-8 

53 

61 

2*27 



11-0 

740$ 

31 

330-S 

36*4 

59 

80 

2*20 

2-00 



751 $ 

31 

401-5 

44-2 

68 

84 

1*90 


Rye -pea 

6*2 

829$ 

31 

256-1 

15-9 

55 

40 

2*51 

1*99 

mixture I 


833 c? 

31 

250-3 

15-5 

75 

25 

1*61 




881 $ 

31 

304-8 

18-9 

49 

35 

1*85 



8*2 

831 $ 

31 

311*2 

25-5 

62 

55 

2*16 

2*07 



832 c? 

31 

337-3 

27*7 

76 

55 

1*98 



10*5 

826$ 

31 

322-9 

33-9 

72 

54 

1*59 

1*56 



837 c? 

31 

299-2 

31*4 

56 

48 

1*53 


Rye -pea 

6*3 

840 $ 

31 

288-5 

18-2 

56 

30 

1*65 

1*56 

mixture II 


843 c? 

31 

368-1 

23*2 

6S 

34 

1*46 



8*5 

841 $ 

31 

356-0 

30-3 

64 

47 

1*55 

1*52 



844 c? 

31 

355-0 

30-2 

71 

45 

149 



11*8 

842$ 

31 

341-8 

40-3 

74 

56 

1*39 

1*47 



845 c? 

31 

349-0 

41-2 

79 

64 

1*55 



* Calculated on dry weight. 


Table IV. 





Protein 



Total intake 



Biological 


Composition 

(N x6*25) 



Food* 

^ , 

Initial 

Gain in 

value of 

Source of 

of diet* 

content* 



Protein* 

weight 

weight 

protein 

protein 

% 


% 

Rat no. 

Days 

g- 

g* ~ a 

g. 

g 

b}a 

Wheat 

Gluten 

14*2 

11*8 

966 c? 

31 

195*6 

23*1 

46 

22 

0*95 

gluten 

Butter fat 

10*0 


967 c? 

31 

187*2 

22*1 

43 

20 

0*90 


Salts 

5*0 


968 c? 

31 

244-0 

29*0 

47 

33 

1*14 


Potato 

70*8 










starch 










Gluten-pea 

Mixture 

34*2 

11*6 

983$ 

31 

264-0 

30*6 

58 

57 

1*86 

mixture 

Butter fat 

10*0 


984$ 

31 

294-2 

34*1 

57 

78 

2*29 


Salts 

5*0 


985 c? 

31 

285*0 

33*1 

50 

85 

2*57 


Potato 

50*8 










starch 




Calculated on dry weight. 





Mean 

1*00 


2*24 
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only at one level of protein intake; their composition and the results of the 
animal tests are given in Table IV. The biological value of the gluten proteins 
wa ? to be 1>0 > which corresponds closely with the value obtained by Kon 
and Markuze [1931] for wheat roll proteins. The biological value of the proteins 
ot the gluten-pea mixture is 2-2, i.e. about twice as great as in the case of wheat 
gluten alone and almost double that of the proteins of pea meal. 


Summary. 

1 . The biological values of the proteins of wheat gluten, of rye bread baked 
from 70 % rye flour, of pea meal and of mixtures in various proportions of pea 
meal with wheat rolls, rye bread and wheat gluten have been determined by the 
method of Osborne, Mendel and Ferry. 

7 A supplementary relation exists between the proteins of wheat rolls and 
rye bread and those of pea meal. 

3. The same is true in the case of a mixture of wheat gluten and pea meal. 
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LXVI. THE ABSORPTION OF %-HEXADECANE 
FROM THE ALIMENTARY TRACT 
OF THE CAT 

By HAROLD JOHN CHANNON and JOHN DEVINE. 

From the Department of Biochemistry, The University of Liverpool. 

(Received February 28th, 1934.) 

In continuance of previous studies of factors affecting the nature and amount 
of the unsaponifiable fractions of liver, it was shown that %-hexadeeane is 
absorbed from the alimentary tract of the rat to the extent of 50 to 108 mg. 
daily, depending on the quantity of hydrocarbon included in the diet [Mahdi 
and Channon, 1933]. This result is of interest in relation to fat absorption, 
because it is opposed to current ideas that absorption of paraffinoid substances 
does not occur. A point of further importance arose in the course of this work. 
In one experiment, of 149 g. of hexadecane administered, only 116 g. were 
excreted, and of the 33 g. of hexadecane unaccounted for no more than an 
insignificant trace, if any, was present in the liver, whilst the unsaponifiable 
fraction of the carcass contained at most 1-85 g. of the hydrocarbon. The 
suggestion contained in this result of the ability of the rat to metabolise a normal 
hydrocarbon together with the surprising fact that the hydrocarbon failed to 
appear in the liver but did apparently find its way to the tissues, led us to 
investigate the matter further. Our first object was to confirm and extend these 
results by use of an animal which would provide more material for investigation, 
and also to study the distribution of the hydrocarbon in the tissues by its isolation 
in chemically pure form. 

Experimental. 

Hexadecane emulsified in a cream made by means of a machine for prepar- 
ing a “ synthetic 55 cream from butter and milk was administered to a cat. The 
amounts of hydrocarbon included, negligibly small at the start of the experiment, 
were gradually increased as the animal became accustomed to consuming the 
cream. The usual daily food provided— meat and fish — was withheld until the 
bulk of the cream had been consumed. At the end of each day, the vessel con- 
taining the cream residues was removed from the cage, and the contents were 
quantitatively transferred to a flask by means of ether. The combined residues 
were stored until the end of the experiment. By this means, 43*70 g. of hexa- 
decane were presented to the cat during 29 days. A control animal received the 
same quantity of cream without added hexadecane. 

Investigation of the tissues . At the end of the experiment and 24 hours after 
the last meal, the animals were killed by chloroform and skinned. The kidneys, 
heart, spleen, brain, liver, mesentery, omentum and perirenal fat were then 
removed. The muscle was then dissected from the skeleton. The tissues were 
heated with 5 % aqueous sodium hydroxide until dissolution occurred. The 
solutions were extracted quantitatively with ether. The fat obtained by 
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evaporation of the ethereal extract was saponified with alcoholic potassium 
hydroxide, and the alcoholic soap solution was poured into water and aeain 
extracted with ether. The crude unsaponifiable fractions were again saponified 

v W n? *? fr f them from P° ssible contamination with fat in 

„• W f r tlle klge am ° unts of some of the issues used as starting material The 
yields of unsaponifiable matter, together with its cholesterol content and iodine 
\ ahie and the calculated iodine value of the non-sterol fraction of the un 
^pomfiable matter from the animal which received hexadecane are recorded in 


Table I. 


Iodine value 
Cholesterol of non - 


Kidneys 

Heart 

Spleen 

Brain 

Liver 

Mesentery 

Omentum 

Perirenal fat 

Muscle 

Skin 


Wt. of 
tissue g. 

56 

15 

14 

26 

155 

56 

176 

107 

1531 

934 


Unsap. 

Unsap. 

Iodine 

matter g. 

matter % 

value 

0-2882 

0*515 

91*5 

0-0827 

0*551 

42*4 

0-0919 

0*656 

57*1 

0-6306 

2*425 

64*2 

1-7943 

1*158 

66*5 

0-4001 

0*715 

19*3 

1-0881 

0*618 

26*3 

1-1313 

1*057 

28*0 

3-2235 

0*215 

32*2 

4-7691 

0*511 

23*5 


as % of 
unsap. 
matter 

59*7 

20*0 

58*9 

86*7 

58*9 

13*3 

8*9 

13*3 

27*3 

26*1 


sterol 
material 
(calculated) 
129*6 
36*5 
44*6 
53*9 
67*4 
12*1 
27*6 
22*2 
19*6 
8*6 


, Pf 8 ® fi g u ^es show that in the majority of these fractions the percentage of 
holesterol in the unsaponifiable material is low, and this suggests the presence 
n md eS « ° f som ® unus '“ al non-sterol constituent. That this is a saturated com- 
pound appears from the very low iodine values of the non-sterol fraction! 
pMticularly of the unsaponifiable materials of the mesenterv, omentum peri-’ 
rena fat, muscle and skin which are 12-1, 27-6, 22-2, 19-6 and 8-6 respectively 
le unsaponifiable fraction of the omentum was a deep yellow oil, those of the 
muscle d perirenal fat were almost liquid at room temperature wMe the 
atenals from the mesentery and skin were low-melting solids. In view of the 
ntS ® f ™. at ®" als mailable, isolation of any hexadecane present could 
W b 5wgf? m th6 Cas \° f the “urn, muscle, perirenal fat, skin and 
iff '•! T w fract /? n ! were subm itted to distillation in vacuo in Claisen flasks 

r d °/ the , the flasks — 

Zr„n T , quantl . ta * lve h transferred by ether to small flasks, dried at 100° in 
mc«o and weighed. Because of its high cholesterol content (58-9 %), thkliver 

* ? f ght /S 0l f um aad much of the ckoleste ^ -moved 

Quantitative^ 0 U f 0re dlstiUatl0n - The remainder of the cholesterol was 
quantitatively removed by means of digitonin. In Table II, the results of the 

Table II. Distillation of the unsaponifiable fractions. 


Omentum 

Muscle 

Perirenal fat 
Skin 

Liver* 

Unsap. 
matter g. 

0-541 

2-49 

0-681 

4-21 

0-619 

Distillate g. 

0*259 

1*54 

0*329 

1*27 

Trace 

Yield as % 
of unsap. 
matter 

47*9 

61*8 

48*3 

30*2 

Residue g. 
0*284 
0*900 
0*360 

2*91 

0*609 

Wt. of distillate 
referred to the 
whole of each 
unsap. fraction 

S* 

0*52.1 

1*99 

0*547 

1*44 



* Sterol-free. 


4*5 g 
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distillations are recorded, and the yields of distillate in the whole of each 
unsaponifiable fraction are shown in the last column. 

The distillates were all obtained over a range of 152-166° at 18-21 mm. The 
hexadecane administered had b.p. 152°/12 mm., and bearing in mind the 
difficulties of distilling small amounts of materials such as these, the distillates 
could be considered as reasonably homogeneous. All the corresponding un- 
saponifiable fractions from the control cat were submitted to an identical 
distillation procedure, but in no case was any distillate obtained. Analysis of 
these fractions gave the following figures : Skin : C, 85-6 ; H, 1447 % . Omentum : 
0, 84*23; H, 15*06 %. Muscle: C, 85*35; H, 14*52 %. Perirenal fat: C, 84*90; 
H, 14*98 %. C 16 Ii 34 requires: C, 84*85; H, 15*15 %. These analytical figures 
indicated that all the fractions 'were fairly pure hexadecane. The fractions were 
therefore mixed, transferred quantitatively to a test-tube and treated twice 
with an equal bulk of concentrated sulphuric acid at 130° for 15 minutes with 
constant shaking to remove any contaminating oxygen compounds. The oil 
was then frozen out by cooling to 0°, transferred to a funnel with ether and 
washed, first with dilute alkali to remove sulphuric acid and sulphonic acids, and 
finally with water until the washings were neutral. After removal of the solvent 
the residue was dried at 100° in vacuo ; 2*70 g. colourless oil -were obtained having 
the following constants : 



M.P. 

B.P. 

Mol wt. 
(East) 

C 

H 

A 24 

A] 8 

Found 

IS 

288 

230,234 

84-73 

14-97 

0-772 

_ 

Required for C 16 H 34 

18 

288 

226 

84*85 

15-15 

— 

0*775 


These data show that the 2*70 g. of purified material was hexadecane. Un- 
avoidable losses occurred in the treatment with sulphuric acid, but the isolation 
of the greater part of the material in chemically pure form and the carbon and 
hydrogen figures on the crude distillates leave little doubt that the latter were 
almost entirely hexadecane. 

The amount of hexadecane absorbed. 

Preparation of the unsaponifiable fraction from the cream residues yielded 
12*06 g. of a pale yellow mobile liquid. Treatment with sulphuric acid by the 
method already described yielded 11*04 g. 

The faeces, which had been collected throughout the experiment and stored 
under alcohol, were worked up for their unsaponifiable matter by the method 
used by Mahdi and Channon [1933]. The yield was 7*88 g. of a brown liquid 
which had an iodine value of 12*2 and contained 26*6 % of sterol precipitable 
by digitonin. The residue, which weighed after analysis 7*4213 g., was subjected 
to three successive treatments with sulphuric acid and yielded finally 3*6 g. of 
hexadecane. This was equivalent to 3*81 g. from the -whole of the faecal excre- 
tion. Thus of 43*70 g. of hexadecane presented to the animal, 12*06 remained in 
the unconsumed food and 3*81 g. were excreted. The cat thus absorbed 27*83 g. 
of the hydrocarbon in 29 days, or approximately 1 g. per day. 

Discussion. 

These results confirm and extend those previously obtained on rats. The 
failure to isolate the hydrocarbon from the liver is of interest, and there seems 
little doubt that it was present, if at all, in traces only. The quantitative removal 
of the sterol before distillation of the liver-unsaponifiable fraction was carried 
out in order to facilitate the isolation of any hydrocarbon present, and yet the 
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0- 619 g. of sterol-free material yielded on distillation only a trace of an oil too 
small an amount for investigation. Further, 0-541 g. of the material from the 
omentum, which still contained its sterol, readily yielded 0-259 g. of hexadecane 
on distillation. This seems therefore proof of the absence of the hydrocarbon 
from the liver. With this result may be contrasted those previously obtained 
with squalene [Channon, 1926], and with a medicinal liquid paraffin [Cliannon 
and Collinson, 1929], In the former experiments, squalene was isolated from the 
livers of rats, and in the latter, definite though indirect evidence of the presence 
of liquid paraffin in the livers of rats was obtained, and this was confirmed by the 
isolation of about 1 g. of the paraffin from the liver of a pig which had received 
the paraffin for a period of 54 days. 

Hence the unsaturated hydrocarbon squalene, and a liquid paraffin which 
was shown to be a mixture of polycyclic hydrocarbons, both appear in the liver 
when administered in the diet, whereas the normal aliphatic hydrocarbon hexa- 
decane does not. It is difficult to interpret the significance of this finding 
especially as work on the fat-soluble vitamins and allied substances of recent 
years has shown that the liver appears to be the tissue in which these substances 
are predominantly stored. Equally difficult of interpretation is the presence of 
the hexadecane in the other tissues. Although sufficient material was not 
available for its isolation from all the tissues, inspection of Table I makes it 
appear not impossible that it may have been present in all of them. Be that as 
it may, hexadecane constituted from 30-2 to 61-8 % of the unsaponifiable 
fraction of the omentum, muscle, perirenal fat and skin, with an average of 
^ /o - Hence hexadecane does not appear in the liver, but does appear in the 
tissues. One point worthy of notice is that if the results are referred to yields 
of hexadecane per kg. of fresh tissue, they become: perirenal fat 3-08 g., omentum 

1- 47 g., skin 1-36 g. and muscle 1-00 g. per kg. The result with muscle is rendered 
uncertain, however, because the pad of fat ventral to the xiphisternum was 
included with the muscle tissue. Thus, so far as these results can be interpreted 
at present, they suggest provisionally that the hydrocarbon is distributed in the 
tissues in proportion to the amount of fat which the tissue contains. 

We have no positive evidence as to whether squalene and liquid paraffin 
which do appear in the liver on administration, also find their way into the fat 
depots, and we are giving attention to this problem. If the suggestion that the 
concentration of hexadecane in the tissues depends on their fat content is 
correct, it would be in keeping with its absence from the liver, which contains 
an amount of neutral fat of the order of 1 % only. The unsaponifiable fractions 
of depot fat are so small m amount that they have been little investigated, and 
tiiesG results suggest that they would repay further study. 

Of the 28-14 g. of hexadecane absorbed, 4-50 g. only were isolated from the 
tissues, and hence 24-74 g. were metabolised in 29 days. As to the intermediate 
steps involved m this process we have no information at present, and we are 
investigating this problem further by another line of approach. No positive 
information is as yet available as to how the body finally metabolises any of the 
unsaponifiable substances. The general tendency for such substances to" appear 
. the liver may suggest that that tissue plays a predominant part in their 
ne a o ism, as it does in the ease of the carotene-vitamin A conversion. On the 

™p L r e p h hand, + the att6r “T 7 be a process Peculiar to the liver which may act 
nerely as a temporary place of storage for unsaponifiable substances generally. 

ceivnblcTw T C i n r? mC ; d T f 6 bl ' eakdown of these substances, it is con- 
afinbUic^ rf ltS f Jly 1 t ° deal with a chemically inert material such as an 
aliphatic hydrocarbon is limited. The accumulation in the liver of the amounts 
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of hexadecane found in the tissues of the cat used in this experiment could 
obviously not be allowed to occur, if for no reason other than that of the solvent 
action of such quantities of the hydrocarbon on the lipoid constituents of the 
liver cells. 

Summary. 

1. A cat absorbed 28*14 g. of ^-hexadecane when 33*64 g. were administered 
to it in cream over a period of 29 days. 

2. Consideration of the iodine values and cholesterol contents of the 
unsaponifiable fractions prepared from the different tissues suggested that 
hexadecane was generally present in them. 

3. The hydrocarbon was isolated in chemically pure form from the omentum, 
perirenal fat, muscle and skin; it could not be isolated, from the liver. Its 
distribution in the tissues appears to be related to their fat content. 

4. The relationship of these findings to those previous^ obtained in experi- 
ments with squalene and with a liquid paraffin which was a mixture of polycyclic 
hydrocarbons is discussed. 

5. The animal can metabolise %-hexadecane. 
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LXVIL SOME FACTORS WHICH AFFECT THE 
ASSAY OF VITAMIN A BY THE SPECTRO- 
GRAPHIC METHOD. 

By ROY JAMES MACWALTER. 

From the Department of Physiology and Biochem istry , 

University College, London. 

(. Received January 13th, 1934.) 

The physical methods of vitamin A assay have received much attention in the 
last few years but the trustworthiness of these determinations is still not clearly 
defined. Before discussing the present work, which deals with one aspect of the 
estimation of the vitamin, it may be of value to summarise briefly the present 
position. “ 

The characteristic absorption spectrum of vitamin A is considered to be a 
broad continuous band with its head at 3280 A. The intensity of the absorption 
at this wave-length in oils containing the vitamin has been found to agree very 
satisfactorily with the biological estimations [Coward et a!., 1931; 1932; Cheva- 
lier and Chabre, 1933]. This implies that constituents of the oil other than 
vitamin A absorb a proportional amount of light at 3280 A.— or are transparent. 

The blue colour obtained with the antimony trichloride reagent has been the 
subject of a large volume of work, and it now appears that the colour measured 
m the tintometer is the effect of two absorption bands, one at 5720 A. and one at 
6060 A., whose positions are shifted by approximately 120 A. towards the red in 
concentrated specimens. The intensities of these two bands have been compared 
with the intensity of absorption at 3280 A. of the oil itself by Coward et al [19311 

M ° rton f 1931 ]> and it has been shown that while the intensities 
ol the o 7 20 A. band (in the antimony trichloride colour) and the ultra-violet band 
(m the oil itself) are always similar, the intensity of the 6060 A. band does not 
appear to be so related. Furthermore, on oxidative treatment the latter band may 
be augmented m intensity leaving the other unaffected. As a result of their 
experiment, Heilbron et al. [1931] have suggested that only the band at 5720 A. 
m the colour test is valid as a measurement of vitamin A activity. 

The conditions which influence the intensities of these two bands of the 
colour are important in considering the validity of the blue test. The 6060 A 
band may be mcreased in intensity by keeping, by mild oxidative treatment 
with ozone, hydrogen peroxide and benzoyl peroxide and by saponification. It 
may be decreased in mtensity by the addition of the antimony trichloride reagent 
m two stages, by the addition of pyrrole, indole, skatole or an unsaturated acid 
isolated from the saponifiable fraction of cod-liver oils [v. Eekelen et al., 1933; 

f ’ 1 ^31]. The evidence points to the possibility of inhibition of the 
,r b r a „ n i.’ but the improbability of inhibition of the 5720 A. band. Assuming 
that the o/ 20 A band arises from vitamin A, it is necessary to adjust the condi- 
tions of conducting the blue test ” in order that the 6060 A. band shall always 
bear the same relation to the 5720 A. band. 
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For untreated cod-liver oils this appears to he the case, the ratio 6060 A. 
band : 5720 A. being 1*35 : I, though considerable fluctuation about this mean 
value occurs (Gillam and Morton). If the absorption at 6060 A. is caused to 
attain its maximum value by oxidative treatment a rather more constant ratio 
is attained (Heilbron et al.), but the mean value of the figures given the present 
writer finds to be 1*45 : 1 which differs from the previous ratio quoted by less 
than the estimated experimental error. This appears to the writer to indicate 
that in many cod-liver oils there can be very little inhibitor substance affecting 
the 6060 A. band. In these oils saponification should not increase materially the 
absorption of the 6060 A. band. In those cases where this band may be increased, 
we must infer that the ratio is less than about 1*40 : 1 and in order to attain the 
constant ratio, some means (e.g. saponification) must be used to enhance the 
6060 A. band. From these data it appears that in order that the colour test may 
measure variations in the 5720 A. band, the determination must he made on the 
unsaponifiable matter in order that a constant ratio between the two bands of 
the colour test may be attained. 

There is, however, another aspect of the problem, v. Eekelen et al. [1932 ; 
1933], have stated that by an adsorption technique it has been possible to sepa- 
rate the two chromogens of cod-liver oils, which give rise to the two bands of the 
colour test. Only the fraction giving rise to the 6060 A. band has been found to 
be active biologically. These experiments are at variance with the more circum- 
stantial evidence which has been already summarised. The conclusions do not 
in any way affect the technique of making colour tests, however, since in each 
case the aim must be to cause the 6060 A. band to attain its maximum value. 

Measurements of vitamin A content on the basis of absorption at 3280 A. 
involve, however, a purely empirical assumption that irrelevant absorption at 
this wave-length bears a constant relation 
to the relevant absorption for all oils or is 
negligible in comparison with it. With a view 
to attempting to estimate this irrelevant 
absorption, cod-liver oils have been aerated 
at 100° and the absorption determined at 
intervals. At the same time a sample of 
the oil was saponified and the absorption of 
the unsaponifiable material determined. In 
Fig. 1 a typical curve is shown for an oil of 
blue value 22 (b.p. test) referred to 20 % 
solution. Curve I which refers to the absorp- 
tion at 3280 A. of the oil on aeration may 
be regarded as compounded of two curves. 

By producing back the straight portion of 
the curve to the axis representing absorp- 
tion and subtracting the two curves, curve 
III is obtained. From curve II which re- 
presents the absorption of the unsaponifiable 
matter after the oil has been aerated for 
varying times (referred to 1 % of oil) it is 
seen that the absorption attained a constant 
value after 5 hours, by which time no blue colour was obtained with antimony 
trichloride. This constant value may he taken as representing the absorption of 
unsaponifiable matter which is not vitamin A, and by subtracting it from curve II 
the true values for vitamin A should be obtained. This last curve is almost 



Fig. 1. 
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identical with curve III which is logarithmic. It is, therefore, assumed that the 
extrapolated straight line in curve I represents the manner in which the absorp- 
tion at 3280 A. of the non-relevant part of the oil varies with time of aeration. If 
this is true, the intercept of this line on the axis representing A} A, provides a value 
for the absorption of the constituents other than vitamin A in the original oil, and 
in this case it amounts to approximately 40 % of the total absorption. The curves 
shown draw attention to the possibility of serious inaccuracies arising from the 
measurement of absorption at 3280 A. as the sole criterion of vitamin A potency. 
Furthermore, the effect of previous ageing of the oil by oxidation probably has 
the effect of increasing the irrelevant, as well as decreasing the relevant, absorp- 
tion at 3280 A. The actual variation in absorption oxidative change at room 
temperatures cannot of course be gauged by these curves since the temperature 
coefficients of the two reactions involved will probably be different. From the 
published figures of Heilbron et al. [1931] it appears that in some cases at least 
an actual increase of total absorption may occur after storing. 

In Fig. 2 two further curves of aeration are given, curve I for an unusually 
potent cod-liver oil of blue value 112, and curve II for a weak oil of blue value 
14. In each case a similar curve to that in Fig. I has been obtained, the linear 

->o r ® 


Fig. : 


Fig. 3. 


portions of which are approximately parallel and of similar initial values. Again 
m the less potent oil the irrelevant absorption is of the order of 40 % while in the 
potent oil it is approximately 12 %. 

In a recent paper Dann and Moore [1933] have shown that the time of saponi- 
fication is a factor which affects the absorption of the fatty acids from cod-liver 
oils. Edisbury et al [1933] have suggested “ cyclisation ” as the cause. While a 
discussion of the chemical nature of the changes brought about by aeration 
treatment lies outside the scope of this paper, it is suggested that the increase 
m absorption at 32S0 A. by aeration may arise from a similar cause since the 
absorption at lower wave-lengths is increased very considerably, but by the 
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technique used it would not have been possible to detect the fine structure bands 
noted by these authors. 

It would seem that the absorption at 3280 A. can only he regarded as 
measuring the vitamin A activity for oils more potent than that shown in Pig. 2, 
curve I. For less potent oils the “non- vitamin A” absorption at 3280 A. consti- 
tutes a considerable proportion of the total absorption. The very real parallelism, 
however, between the absorption in this region and the biological tests for normal 
cod-liver oils cannot be dismissed as fortuitous. It has been found that the oils 
which have been so far examined by the aeration technique contain approxi- 
mately 40 % of irrelevant matter, as measured by the intercept, provided that 
the potency is of the order of 10-20 blue units. In these circumstances the 
measured absorption of the oil will be proportional to the amount of vitamin A 
present. 

In Fig. 3, a curve for the blue values and absorption values of the unsaponi- 
fiable fraction of cod-liver oils has been drawn. Of all the oils which have been 
examined none has deviated from this curve by more than 12 %. Josephy [1933] 
has recorded some results of a similar nature. 

While it is not practicable to adopt the aeration technique here described, it 
appears to the author desirable to determine the absorption upon the unsaponi- 
fiable matter from the oil rather than upon the oil itself. In this way errors 
arising from previous oxidation of the oil are eliminated and there only remains 
the error due to absorption at 3280 A. of irrelevant unsaponifiable matter. 

Summary. 

The effect of oxidative change on the absorption at 3280 A. of liver oils is 
discussed in so far as it affects the assay of vitamin A by the spectrographic 
method. The need for saponification of the oil in order to avoid errors arising 
from previous oxidation is emphasised. 

The author is indebted to Prof. Drummond for his interest in the work and 
his helpful suggestions. 
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LXVIIL THE ENZYMIC HYDROLYSIS 
OF PHOSPBATIDES. 

III. THE HYDROLYSIS OF NATURAL AND 
SYNTHETIC PHOSPHATIDES. 

By EARL JUDSON KING. 

From the Department of Medical Research , Banting Institute , 

University of Toronto. 

(Received January 80th , 1934.) 

It has previously been shown [King, 1931] that an enzyme is contained in the 
kidney and intestinal mucosa which is capable of hydrolysing lecithin to liberate 
inorganic phosphate at an optimum p u of 7-5. The enzyme appears to be present 
in other tissues to only a slight extent. Bone, which is very rich in an enzyme 
hydrolysing primary esters of phosphoric acid, is relatively feeble in its action 
against lecithin. Lecithinase appears to act most rapidly at body temperature 
(Fig. 1). It is fairly stable at a neutral reaction but is rapidly destroyed in an 
alkaline or acid medium. The concentration of substrate (Fig. 2) appears to 
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Fig. 2. Effect of substrate concentration 
on lecithinase hydrolysis: 

10 ml. of lecithin emulsion at jhi 7-5 + 2 ml. of dialysed extract of intestinal mucosa. 

affect the hydrolysis in a manner similar to that indicated by Michaelis and 
Menten [1913]. Owing to the slowness with which lecithin is broken down by 
the enzyme, it has been impossible to obtain any accurate measure of the initial 
velocity of hydrolysis. The results appear to indicate, however, that the sub- 
strate concentration giving half the maximum velocity corresponds to about 
0*0021/ ( — log S 2*7), which is nearly the same as that found by Martland and 
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Fig. 1. Effect of temperature on 
the hydrolysis of lecithin : 
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Robison [1927] for phosphatase, i.e. < 

0-003 if [cited by Haldane, 

1930]. It is I 

] 

the purpose of the present paper to record the results of a study of the action !l 


of this enzyme on other phosphatides, both natural and synthetic. 


I 

: 

Lecithin , kephalin and phosphatidic acid. 


I' 1 

Liver-lecithin behaved much like egg-lecithin, while kephalin showed a lower , j 


rate of hydrolysis with not so marked 

a dependence on 

hydrogen 

ion concern i 


tration. A sample of phosphatidic acid from cabbage leaf [Chibnall and Ohannon, i 

l /hf 

1927] was kindly supplied to us by Prof. A. C. Chibnall 

. The formula of phos- 1 

\ 

phatidic acid is represented as corresponding with that of lecithin with the 


choline absent. It showed a fairly high rate of hydrolysis, but the relation of 


the amount of hydrolysis to the p TT was not definite as 

in the case of lecithin i 


(see Table I). 





| 

Table I. Hydrolysis of natural phosphatides by extract of the small intestine. IS 



(mg. inorganic phosphorus.) 




5 ml. borax- boric acid or borax-succinic acid buffer, 5 ml. 0*25 

% emulsion 

of phosphatide m 


and 2 ml. enzyme solution. The hydrolysis was carried out in the 

presence of c 

shloroform and gt 


toluene for 12 hours at 37*5° and was stopped by the addition of 2 ml. 25 % trichloroacetic acid. |j 

r 

The inorganic phosphate in the filtrates was estimated by the colorimetric method. jjj 



Control (1); 

Control (2); Test; buffer + 




buffer + 

buffer + phosphatide + 

Phosphate ||! 


Ihi 

phosphatide 

enzyme 

enzyme 

hydrolysed M 

. 

Egg-lecithin 5-5 

0*000 

0*041 

0*058 

0*017 if 


6*5 

0*000 

0*037 

0*082 

0*045 1 

M 

7-1 

0*000 

0*038 

0*109 

0*071 f§ 


7-5 

0*000 

0*039 

0*119 

0*080 H 

; ! 

8-1 

0*000 

0*039 

0*112 

0*073 H 

, j 

8-9 

0*000 

0*038 

0*091 

0*053 fjj 

. 

9-2 

0*000 

0*037 

0*068 

0*031 m 


Liver-lecithin 5-6 

0*000 

0*040 

0*056 

0*016 i 

> ! 

6-5 

0-000 

0*037 

0*067 

0-030 

1 1 

7*1 

0*000 

0*038 

0*091 

0-053 jlj 

!, ! 

7*6 

0*000 

0*039 

0*096 

0*057 ■ 


8*0 

0*000 

0*039 

0*095 

0*056 ' if 


8*9 

0*000 

0*038 

0*066 

0*028 m 

mm 

9*2 

0*000 

0*037 

0*056 

0*019 


Kephalin 4*3 

0*020 

0*035 

0*069 

0*014 


4*8 

0*020 

0*034 

0*070 

0*016 d 

i 

5*0 

0*021 

0*034 

0*083 

0*028 ' H 


5*5 

0*020 

0*041 

0*103 

0*042 


6*5 

0*021 

0*037 

0*103 

0*045 


7*1 

0*020 

0*038 

0*101 

0*043 


7*6 

0*020 

0*039 

0*101 

0*042 


S*3 

0*019 

0*039 

0*107 

0*049 

: % 

8*9 

0*020 

0*038 

0*090 

0*032 m 


9*2 

0*021 

0*036 

0*089 

0*032 


Phosphatidic acid 5*6 

0*068 

0*040 

0*191 

0*083 


6*6 

0*069 

0*037 

0*193 

0*087 

i 

7*0 

0*067 

0*038 

0*187 

0*082 


7*5 

0*067 

0*039 

0*185 

0*079 


8*0 

0*070 

0*038 

0*185 

0*077 

' 1 

8*9 

0*073 

0*038 

0*185 

0*074 

; 

1 9*2 

0*069 

0*037 

0*180 

0*074 



Lysolecithin . 



> 

Lysolecithin was prepared by the action of the venom of the fer de lance 

! J 

on the lecithin contained 

in egg-yolk [King and Dolan, 

1933]. The material so m 

I 

prepared has marked haemolytic properties. The behaviour of lysolecithin with m 
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both the intestinal and bone enzymes was investigated. The amounts of hydro- 
lysis at different hydrogen ion concentrations and at different times, when 
lysolecithia was subjected to the action of an aqueous extract of rabbit intestinal 
mucosa, indicated that the maximum hydrolysis occurred at about 7*8, 
which is a little higher than the corresponding value for lecithin, and that this 
relatively simpler phosphatide was hydrolysed about twice as fast as the parent 
lecithin. 

Bromolecithin. 

Bromolecithin was prepared by passing bromine vapour in a stream of 
carbon dioxide into a mixed ether and light petroleum solution of egg-lecithin 
and liver-lecithin [Levene and Rolf, 1926]. The precipitated material was purified 
by solution in ether and reprecipitation by light petroleum. 

Analysis for phosphorus was made by the perchloric acid colorimetric pro- 
cedure [King, 1932], for nitrogen by micro-Kjeldahl, and for bromine by the 
potash fusion method of Fendler and Stiiber [1914], the silver bromide being col- 
lected by means of a porcelain filter stick. (Found : P, 2*02 ; N, 1 *04 ; Br, 41*3 % . 
Calculated : for octabromoarachidyl-stearyl-lecithin : P, 2*12 ; N, 0*96 ; Br, 43*7 % ; 
for octabromoarachidyl-palmityl-lecithin: P, 2*16; N, 0*97; Br, 44*6 %; for 
hexabromostearyl-stearyl-lecithin: P, 2*42; 1ST, 1*09; Br, 37*5 %.) 

The behaviour of bromolecithin in the presence of phosphate-liberating 
enzymes was in marked contrast to that of the lecithin from which it had been 
made. With a variety of enzyme preparations from several sources, bromo- 
lecithin was practically completely hydrolysed in 24 hours, while lecithin was 
attacked only to the extent of 20 % in the most favourable instance. This 
peculiar property of greatly increased susceptibility to enzymic hydrolysis re- 
sulting from bromination of lecithin is probably related to an increased affinity 
of the enzyme for the phosphatide, due to the change in the fatty acid side- 
chain. The effect of p R on the enzymic hydrolysis of bromolecithin is shown in 
Fig. 3. 



Fig. 3. Effect of p H on hydrolysis of bromolecithin by cat-kidney extract. Each test contained 
0*16 mg. of phosphatide-P, and 0-5 ml. of enzyme. Veronal-acetate buffer; hydrolysis at 38° 
for 12 hours. 

The rates of hydrolysis of bromolecithin, lysolecithin and the parent lecithin 
are given in Table II, the hydrolysis constant being calculated from & = i log 
The velocity of hydrolysis for bromolecithin was about 10 times as great as for 
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lecithin in the case of the intestinal enzyme, and 100 times as great with bone- 
phosphatase. The bone-enzyme, moreover, gave with bromoleeithin about twice 
the velocity of hydrolysis that was obtained with the intestinal enzyme. This is 
in marked contrast to the action of the two enzyme preparations on lecithin. 
The velocities for bromoleeithin were in about the same ratio as the phosphatase 
activities of the two preparations measured against glycerophosphate. 

Table II. Comparative rates of enzymic hydrolysis of phosphatides. 


Lecithin Lysolecithin Bromoleeithin 


Hours 

% hydro- 
lysis 

% 

k 

% hydro- 
lysis 

k 

t 

% hydro- 
lysis 

*4 

k 



(i) 

Rabbit intestinal 

extract. 



i 

1-0 

0*0072 

1*6 

0*0138 

9*1 

0*0834 

1 

1-2 

0*0054 

2*0 

0*0090 

17*9 

0*0860 

2 

2-4 

0*0054 

2*4 

0*0054 

29*0 

0*0744 

4 

3*2 

0*0036 

4*8 

0*0054 

44*8 

0*0645 

7 

4*8 

0*0031 

7*9 

0*0052 

59*9 

0*0567 


Average 

0*0049 


0*0078 


0*0750 



(2) Rat bone extract (phosphatase). 



x 

— 

— 

0*7 

0*0070 

15*1 

0*1424 

! 

0*4 

0*0018 

0*8 

0*0036 

28*6 

0*1461 

2 

0*8 

0*0018 

1*1 

0*0025 

50*0 

0*1505 

5 

1*2 

0*0010 

1*3 

0*0012 

65*9 

0*0934 

7 

1*5 

0*0009 

1*6 

0*0010 

70*2 

0*0751 


Average 

0*0014 


0*0031 


0*1215 


Synthetic phosphatides. 

Through the kindness of Dr Adolf Grim, of the Hoffman-La Roche Company, 
Grenzach, Germany, we were able to compare samples of the synthetic phos- 
phatides described by Grim and Limpaeher [1927]. Synthetic distearyllecithin 
did not show the same general effect on enzymic hydrolysis as did the natural 
lecithin (Table III). The rate of hydrolysis was not so great and the p K effect 

Table III. Influence of ~p H on the enzymic hydrolysis of natural 
and synthetic phosphatides . 


(2) Synthetic lecithin . (3) Distearyl phosphate 

(1) Natural egg-lecithin (Grun) (Grim) 



A 

A 

f 

A 

r 

A 

Pn 

mg. P liberated 

Pn 

mg. P liberated 

Ph 

mg. P liberated 

3*6 

0*145 

5*7 

0*121 

4*5 

0*183 

4*3 

0*158 

6*2 

0*115 

5*9 

0*193 

5*9 

0*186 

6*9 

0*119 

6*6 

0*176 

6*9 

0*221 

7*3 

0-121 

6*9 

0*178 

7*1 

0*220 

7*5 

0*118 

7*4 

0*174 

7*3 

0*222 

8*0 

0*111 

7*8 

0*176 

7*5 

0*205 

8*8 

0*127 

8*2 

0*170 

7*8 

0*192 



9*5 

0*145 

8*1 

0*170 






was absent. It w r as thought that this difference might be due to the unsatura- 
tion and greater solubility of the natural product. This explanation was found 
to be untenable, however, by the discovery that hydrogenated lecithin has 
almost the same rate of enzymic hydrolysis as has the lecithin from which it is 
made (Table IV). 

Synthetic distearyl phosphate showed very little relation between the p H 
and the amount of hydrolysis. Since it is a primary ester of phosphoric acid, 
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Table IY. Enzymic hydrolysis of hydrolecithin and lecithin. 

(mg. P liberated.) 

Tests consisted of 2 ml. of enzyme (rat-intestinal extract), 5 ml. of veronal buffer and 5 ml. 
of emulsified phosphatide containing 0-086 mg. of hydrolecithin-P per ml. and 0-088 mg. of 
lecithin-P per ml. The hydrolysis took place at 38° for 48 hours. 


'P-H. 

Hydrolecithin* 

Lecithin 

Ph 

Hydrolecithin* 

Lecithin 

5-8 

0-114 

0-114 

8-0 

0-203 

0-194 

6-o 

0-151 

0-158 

8-5 

0-187 

0-188 

7-1 

0-208 

0-206 

8-9 

0-161 

0-170 

7-5 

0-201 

0-202 

9-4 

0-052 

0-082 


* This sample of hydrolecithin was kindly given to us by Dr P. A. Levene. Other samples 
prepared in this laboratory by hydrogenation of egg- and liver-lecithins in the presence of 
palladium gave very similar results. 

it might have been expected to behave like glycerophosphoric acid or acetonyl- 
glycerophosphoric acid, which are hydrolysed at an optimum p^ of 8*9, whereas 
lecithin, a secondary ester of phosphoric acid, is hydrolysed at an optimum 
p H of 7-4 (diphenyl phosphate and diethyl phosphate are hydrolysed at a slightly 
lower p H optimum). • Comparative figures for the hydrolysis of natural and 
synthetic lecithin and distearylglycerophosphoric acid were obtained by incuba- 
tion of 5 ml. of 0*25 % emulsion of the phosphatide mixed with an equal volume 
of buffer at several p H values and 2 ml. of the enzyme solution for 48 hours. 
The amount of phosphate liberated from the egg-lecithin was considerably 
greater than that from the distearyl phosphoric acid and at the optimum p 3 
was almost double that liberated from the synthetic lecithin. 

Discussion, 

The extraordinary change induced in lecithin by bromination is not easily 
explained. It is a more common experience to find that a large increase in 
molecular weight (that of bromolecithin is almost double that of lecithin) leads 
to a decrease rather than an increase in reactivity. A possible explanation of 
this anomalous result of greatly increased susceptibility to enzymic hydrolysis 
may lie in a greater negativity of the alcohol part of the ester due to introduction 
of several bromine atoms into the side- chain. Among the simple primary esters 
of phosphoric acid those containing the more negative alcohol groups are most 
readily attacked by phosphatase ; thus phenyl phosphate is much more rapidly 
hydrolysed than tolyl phosphate, and tolyl phosphate very much more rapidly 
than ethyl phosphate. 

In the case of phosphatidic acid, the p H effect was almost absent, and since 
phosphatidic acid is a primary phosphoric ester, it — as also distearyl phosphate — 
might have been expected to be hydrolysed optimally at p ££ 8*9. Since, however, 
the phosphate-liberating enzyme is relatively unstable above 8, while it is 
quite stable in more neutral solutions, the discrepancy may be explicable on 
the basis of destruction of the enzyme during the course of hydrolysis. If this 
be so, the length of the fatty acid chains may be the determining factor, since 
it probably conditions the solubility of the phosphatide and its consequent 
availability for enzymic hydrolysis. The shorter the carbon chains of the sub- 
stituent groups, the more soluble the substance should be and the more it 
should behave like a simple primary phosphoric ester with a p H optimum of 8*9. 
It is also possible that the nature of the fatty acid radicals may affect, through 
some mechanism akin to steric hindrance, the union of substrate and enzyme. 
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Thus the presence of the fatty acids in phosphatidic acid may hinder its union 
with the enzyme, giving a lower rate than would be obtained with an unsub- 
stituted glycerophosphate, or with a glycerophosphate substituted with less 
complex groups than stearic and oleic. This, combined with destruction of the 
enzyme, might account for the failure of this product to be hydrolysed at the 
optimum. p H of 8-9. 

If the difference between the behaviours of natural and synthetic phos- 
phatides on enzymic hydrolysis were due to the unsaturation of the natural 
product, then phosphatidic acid, which is more unsaturated than egg-lecithin, 
might have been expected to show a higher rate of hydrolysis. Also, hydro- 
lecithin, which ought to be very similar in chemical behaviour to the synthetic 
product if existing theory as to the structure of these substances be correct, 
might have been expected to behave like synthetic lecithin, instead of which 
it showed an enzymic hydrolysis almost identical with that of its parent lecithin. 
These facts would appear to cast some doubt on the similarity of the chemical 
configuration of the synthetic lecithin of Grun and Limpacher with the naturally 
occurring phosphatide ; and further, if the chemical formula assigned by Grim 
and Limpacher to the synthetic product be correct, then the formula commonly 
used to represent the chemical structure of lecithin may be in error. The 
asymmetric formula which appears in most of the textbooks and represents 
lecithin as always being a derivative of a-glycerophosphoric acid, has been shown 
to be incorrect [Rae, 1934], and it is possible that a more drastic revision of 
the manner of representing the formula for lecithin may yet be necessary. 

Summary. 

An enzyme is contained in kidney and intestinal mucosa which hydrolyses 
lecithin from several sources with the liberation of phosphoric acid. Hydro- 
lecithin is attacked as fast as its parent lecithin, kephalin and phosphatidic 
acid somewhat more slowly, the latter without showing any marked dependence 
on p H . Synthetic lecithin and distearyl phosphate are attacked by the enzyme 
at a lower rate and without showing any optima. Lvsolecithin is hydrolysed 
about twice as fast as lecithin. Brominated lecithin is hydrolysed at a very 
much greater rate than is lecithin. 

The thanks of the author are due to Miss M. E. Dolan and Miss M. M. Shaw 
for valuable assistance during the course of these experiments. 
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A prominent band in the near ultra-violet spectrum of oxyhaemoglobin was 
discovered by Soret [1883] who referred to it as the “great” ultra-violet band. 
Gamgee [1895] pointed out that this band was also found in haemoglobin, carbon 
monoxide haemoglobin, nitrous oxide haemoglobin, haemochromogen, haematin 
hydrochloride, methaemoglobin and haematoporphyrin, but was absent from 
the spectra of bilirubin, hydrobilirubin and urobilin. The position of the peak of 
this oxyhaemoglobin band in the wave-length scale was found by Rost et al. 
[1909] to be 4100 A. Newcomer [1919] placed it at 4140 A. and Schumm [1921] 
at 4135-4140 A. 

In the case of carbon monoxide haemoglobin the absorption is greater, and the 
band is shifted towards the red, while the spectrum of acid haematin shows a 
similar band with the absorption not so pronounced and extending into the ultra- 
violet, obliterating a small peak at 3650 A. which is characteristic of the oxy- 
haemoglobin spectrum. 

Oxyhaemoglobin also has two bands with peaks at 3400 A. and 2700 A., and 
beyond 2400 A. the absorption becomes general. Warburg and Negelein [1929] 
on measuring the absorption of light by the extent of chemical change which the 
absorbed energy produced, fixed the peak of the “great” band at 4300 A. and 
found another prominent band at 2700 A. in the case of oxyhaemoglobin, the 
latter band being lacking in all pure haem compounds. 

Newcomer [1919] concluded that the similarity between the spectra indicated 
the presence of a common radical, but Hicks and Holden [1929] could not find 
any relationship between the valency of the iron in the pigments and their ultra- 
violet spectra. Anson and Mirsky [1930] state that pigments of similar chemical 
structure produce spectra of the same general form and of the same dimensions. 

Macallum and Bradley [1930] pointed out that the absorption band occurring 
at 4100 A. for crystalline oxyhaemoglobin of the horse does not appear in the 
spectrum of washed corpuscle suspensions containing the pigment in its normally 
occurring form. These observations have been verified and extended to the blood 
pigments of other species. 

The instrument employed was a Bellingham and Stanley quartz spectro- 
graph. The ultra-violet spectrum from 2100 to 4500 A. was extended over 18 cm. 
upon the negative. The absorption measurements were determined by the use of 
a photoelectric recording photometer developed in this laboratory by Macallum 
and Coates [1933]. 
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The blood was drawn from the animal into sodium citrate. In the case of the 
corpuscle suspensions the blood was diluted with mammalian saline so that the 
pigment concentration was adjusted to a predetermined value (0*2 % haemo- 
globin), these values being determined by Newcomer's method. In the case of the 
haemoglobin, the corpuscle suspension was laked with ether, the haemoglobin 
values being adjusted as stated above. 

Typical results may be illustrated by the data obtained from rabbits’ blood 
(Fig. 1). 

1. o UnlaJced blood. The absorption curve shows a slight elevation about 
4500 A. then a fall towards 4300 A. ; between 4300 and 4000 A. there is another 
slight rise terminating about 4000 A. There is another slight rise at 3900 A. The 
curve then becomes level to 3500 A. 

2. Laked blood. The absorption curve is fairly level to 4200 A. where it rises 
sharply to a peak about 4100 A. and then drops off gradually to the original 
level at 3900 A. The curve is then level to 3700 A. where it recedes^ slightly and 
then rises at 3600 A. and comes back to the original level at 3500 A. The laked 
blood at the height of the great ultra-violet band (4100 A.) shows about 40 % 
absorption for the solution used. 

In comparing the laked and unlaked oxyhaemoglobin, it is seen that the laked 
shows greater absorption at any given wave-length. 



Fig. 1. 


Oxyhaemoglobin from other species. For the sake of convenience the beginning 
of the great ultra-violet band has been designated A, the peak R and the end 0, 
the figures representing A. 

1. Laked blood. 



A 

B 

0 

Rabbit 

4200 

4100 

3900 

Goose * 

4300 

4100 

3910 

Human 

4300 

4100 

3850 

Turtle 

4300 

4100 

3900 

Horse 

4200 

4100 

3800 


2. Unlaked blood. The absorption spectra do not show any marked band. 
The spectrum of rabbit- oxyhaemoglobin, in the visible region, was examined 
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both in the corpuscle suspension and in the laked blood and the position of the 
oc and j8 bands determined. The position of the bands was fixed as follows : 

a band (A.) p banc! (A.) 

Laked blood 5780 5400 

Unlaked blood 5780 5400 

This experiment was repeated several times on rabbits 5 blood and indicates 
that there is no difference in the spectral bands of oxyhaemoglobin inside or 
outside the corpuscle. 

Discussion. 

Out observations have been made on oxyhaemoglobin solutions, and they 
have served to confirm the observations previously recorded. The great ultra- 
violet absorption curve in the oxyhaemoglobin solutions shows in most cases an 

I origin about 4300 A., a rise to a peak about 4100 A. and then a drop back to 

j 3900 A. The unlaked blood does not show this great ultra-violet band in the 

region of 4100 A. The rest of the curve remains much the same except that there 
is a slight rise in some cases at 4100 A. ; in all cases where this latter absorption 
occurred there was slight haemolysis, and it is believed that this absorption is due 
to traces of oxyhaemoglobin outside the corpuscle. 

There is the possibility that the absence of the great ultra-violet band from 
the corpuscle suspensions might be due to the masking effects of the blood-serum, 
the corpuscle wall, material mixed with haemoglobin in the cell or material 
combined with haemoglobin in the cell but removed by ether Jaking. As to the 
, serum it has been shown by Lewis [1917] that the ultra-violet absorption spectrum 

II serum has two peaks at 2800 A. and 2400 A. ; it represents several superimposed 
curves and does not resemble that of a pure compound, being due chiefly to 

i| protein. Furthermore, we have found that the great ultra-violet band of oxy- 

liaemoglobin exists in laked whole blood as well as in aqueous solutions of 
crystalline oxyhaemoglobin. 

l| > -^ ie question as to whether the corpuscle wall itself may be a factor can be 

eliminated by the fact that blood laked by freezing and containing the corpuscle 
“ghosts” still displays the band in the ultra-violet. Removal of the “ghosts 55 by 
centrifuging does not affect the absorption band. 

Cell stiomata evidently play no part since the laked blood containing 
corpuscle contents displays the spectrum of pure oxyhaemoglobin. 

Finally, since our early experiments were carried out on ether-laked samples 
it might be possible that this Treatment had removed a lipoid fraction which was 
combined with the oxyhaemoglobin in the corpuscle and that lack of this portion 
might be responsible for the absence of the band under question. However, the 
fact that laking brought about by the physical processes of freezing and thawing, 
which do not remove any constituent of the cell, still gives the same spectrum as 
t ic ether-laked blood indicates that the presence of the band is independent of 
the absence of any ether-soluble substance. 

Our results indicate that there is an essential difference between oxyhaemo- 
g obin inside and outside the corpuscle. If the presence of absorption bands is to 
e inter preted as indicating a condition of desaturation then it must be assumed 
that oxyhaemoglobin outside the corpuscle is in a state of unsaturation while in 
its naturally occurring state in the cell it enters into combination with some of 
the cell constituents. The combination must be rather labile since it is disrupted 
by any force which alters the osmotic balance of the cell. 
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Palmitic is probably the most commonly occurring saturated fatty acid and is 
one of the fatty acid constituents of lipins ; yet, although in the body it must 
undergo oxidation with extraordinary ease, it is very resistant to the action of 
the usual laboratory chemical oxidising agents. Even after being heated on a 
water -bath for 18 hours with a concentrated alkaline solution of potassium 
permanganate about 40 % of the original palmitic acid was recovered. A di- 
hydroxypalmitic acid and oxalic, succinic and adipic acids were isolated from 
the reaction product together with acetic, butyric and possibly capronic and 
caprylic acids [Groger, 1887]. Information does not appear to be available with 
regard to palmitic acid hut oxidation of myristic acid with strong nitric acid 
resulted in the formation of a mixture of dibasic acids, amongst which oxalic, 
succinic, adipic and suberic were identified [Nordlinger, 1886]. 

A small proportion of palmitic acid was shown by Bakin [1908, 1] to undergo 
/3-ketonic oxidation when its ammonium salt was distilled with hydrogen dioxide 
on a boiling water-bath. About 10 % of the original acid was thus converted 
into carbonic acid and methyltridecylketone ; the addition of a considerable 
excess of the dioxide produced very little further effect. Clutterbuck and Raper 
[1925] showed that the y- and 8-keto-acids were formed to about the same 
extent as the /3-acid. On further oxidation of the y- and 8-keto-acids, succinic 
acid was identified in the product [Clutterbuck, 1927]. 

Whilst very definite evidence can be obtained that the path of oxidation of 
the a-amino-acids in vivo lies through the oc-keto-acids there is no evidence that 
/3-keto-acids are formed as the intermediate products of oxidation of the higher 
fatty acids. Acetoacetic and /3-hydroxybutyric acids accumulate when the 
mechanism for the oxidation of the fatty acids is overburdened or impaired, 
and the available evidence points to the /3-hydroxy- acid being formed by re- 
duction of acetoacetic acid in the tissues ; but these two acids are mutually 
convertible in the hody r , and the possibility of hydroxylation being the process 
involved cannot be excluded. 

There is no evidence of the existence in the body of any ketones such as 
those isolated, by Bakin in his experiments on the oxidation of the fatty acids 
m vitro , and if the higher /3-keto-acids are so readily oxidised it is difficult to 
understand why a mechanism which splits the original /3-keto-acid so completely 
into acetic acid and an acid containing two less carbon atoms than the original 
should cease completely to function when the stage of acetoacetic acid is reached. 
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The process used in the body is so perfect that no intermediate substances can 
be identified. 

Smedley-MacLean and Pearce [1931] showed that oleic and ra-octanoic acids 
were rapidly and almost completely oxidised by the action of hydrogen dioxide 
in the presence of a cupric salt. In the present investigation the addition of a 
few drops of cupric sulphate solution to one of sodium palmitate has been found 
to produce an equally potent effect on the oxidation of palmitic acid by hydrogen 
dioxide. Contrary to our expectation, palmitic was as readily oxidised as oleic 
acid. Indeed the behaviours of oleic and palmitic acids when heated for 3 to 
4 hours at 90° with a large excess of hydrogen dioxide and a few drops of 
the cupric solution were very similar. About 70 % of each acid was converted 
into carbonic and volatile fatty acids. In the earlier stages of the oxidation of 
palmitic acid volatile lactones giving propionic acid on treatment with strong 
sulphuric acid were present. Under milder conditions of oxidation, succinic 
acid was isolated from both oleic and palmitic acids in about the same amounts, 
and in the case of oleic acid an intermediate monobasic acid, C 8 H 14 0 4 , was 
obtained; from its formula this was regarded as a ketohydroxy-acid, though it 
was not found possible to isolate from it any well- characterised crystalline 
derivative. The possibility of it being an unsaturated dihydroxy- acid was not 
excluded and in view of our present results seems probable. 

The absence of oxalic or dibasic acids other than succinic acid as inter- 
mediate products differentiates the action of hydrogen dioxide from that of 
other oxidising agents upon palmitic acid. The introduction of the cupric catalyst 
converts a process of ketonisation into one which appears to consist essentially 
of hydroxylation and desaturation. At the same time the breaking down of the 
original acid is enormously facilitated. 

Traube [1905; 1906; 1910; 1911; 1932] showed that the catalytic effect of 
cupric salts on the oxidation of the sugars and phenols was connected with the 
presence of the hydroxyl group in the molecule, an observation home out by 
the extraordinarily rapid oxidation of tartaric acid produced by the dioxide in 
the presence of a cupric salt [Battie and Smedley-MacLean, 1929]. 

In the present investigation, the products obtained by continuous extraction 
with ether of the oxidation product of palmitic acid appeared to be mixtures 
of isomeric substances in which unsaturated dihydroxy-acids and hydroxylac- 
tones predominate. If ketohydroxy-acids are present, they occur only in small 
quantity and are not the main products of the reaction. 

The occurrence of unsaturated acids as oxidation products of the normal 
higher fatty acids does not appear to have been previously observed. Ricinoleic 
acid, an unsaturated monohydroxy-acid, is a constituent of castor oil and its pre- 
sence shows that such an acid may be a normal product of fat metabolism, but 
whether the ethylene linkage arises by hydroxylation and subsequent loss of 
water or by dehydrogenation is not known. 

From the composition of the products of successive degrees of oxidation, the 
hydroxyl groups in these acids are, probably not adjacent but occur at intervals: 
their position has however not yet been determined with certainty. From a 
comparison of the relative numbers of the C and H atoms, as determined by 
analysis, with the iodine values recorded, which were alwaj^s lower than the 
expected values, it is probable that a considerable proportion of the oc/3-unsatu- 
rated acid was present. Crotonic and cinnamic acids, for instance, give very 
low iodine values [Smedley-MacLean and Thomas, 1921]. It is possible that 
^-hydroxylation had taken place with subsequent elimination of water giving 
a mixture of oc/3- and /3y-unsaturated acids. 
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The formation of a considerable proportion of nnsaturated acids as inter- 
mediate products during the oxidation of the fatty acids may indicate on the 
other hand a process of oxygenation which is in part at any rate one of dehydro- 
genation, and which may be compared with the oxidation of succinic acid in the 
body brought about by the succinic dehydrogenase : the succinic acid is dehydro- 
genated forming fumaric acid and the latter adds on water giving malic acid. 
It is possible that the introduction of the hydroxyl group into the palmitic 
chain in the presence of copper activates the hydrogen atoms attached to the 
neighbouring carbon atoms so that they may be removed by the action of the 
hydrogen dioxide. Dakin has shown that in the body cinnamic acid can arise 
from phenylpropionic acid and can be converted into y~phenyl-/3-hydroxypro- 
pionic acid [Dakin, 1908, 2; 1909], and that the nnsaturated and saturated acids 
gave rise to the same product. The formation of the highly unsaturated acids 
containing 20 and 22 carbon atoms is also known to be effected by the liver: 
the identification of unsaturated acids among the oxidation products of palmitic 
acid in the laboratory appears to offer therefore a better analogy with the 
method of oxidation used in the body than does the intermediate occurrence 
of ke to -acids. 

The isolation of lactones in considerable amount showed that oxidation had 
taken place in the y- or 8-position. 

Succinic acid was identified at every stage of the oxidation except the earliest. 
This acid would itself be oxidised to a considerable extent under the conditions 
of the experiment, but even allowing for this the total proportion of succinic 
acid formed would correspond to considerably less than one molecule of succinic 
acid for each molecule of palmitic acid oxidised. On the whole we think that 
the amounts formed do not support the view that molecules of succinic acid 
were successively split off as groups of four carbon atoms from the palmitic 
chain after oxidation at the y- or 8-carbon atom [cf. Clutter buck, 1927] but 
rather that the four terminal carbon atoms had been oxidised to succinic 
acid. 

Volatile acids of low molecular weight were formed including propionic, 
acetic and formic acids and lactones containing from four to seven carbon atoms ; 
propaldehyde and acetaldehyde were identified and propionic acid as an oxidation 
product of the volatile lactones. The results obtained appeared to support the 
view that volatile fatty acids of low molecular weight and their hydroxy- deri- 
vatives were split off from the long carbon chain. 

Whatever may be the mechanism involved, oxidation by means of hydrogen 
dioxide in the presence of a cupric salt through intermediate stages of desatura- 
tion and hydroxylation certainly appears to be the most effective laboratory 
process by which the higher fatty acids may be broken down to carbonic acid 
and the lower fatty acids, and suggests that some such process maj" be involved 
in oxidation in vivo. 

Method of experiment. 

2 g. palmitic acid were heated at 90° with the calculated amount of N NaOH 
solution and with 15 ml. of a 2-73 % solution of crystallised copper sulphate, 
~'1“ wa ^ er an d such an amount of N NaOH as -was found necessary to 
neutralise the amount of 20 vol. H 2 0 2 solution to be added gradually during 
the experiment. The flask was fitted with a dropping funnel and with a reflux 
condenser from which a tube led to a series of flasks containing N/2 baryta 
solution. At the end of the specified time, an amount of N sulphuric acid exactly 
equivalent to the N NaOH originally taken was added and the flask cooled, 
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whilst air freed from carbon dioxide was drawn through the apparatus. After 
filtering off any insoluble residue a measured quantity of N alkali was added 
to destroy the dioxide, and when this had been accomplished, the equivalent 
quantity of A 7 H 2 S0 4 was added, the liquid concentrated either by steam-dis- 
tillation or in vacuo and the residual liquid continuously extracted with ether. 
The distillate was neutralised with N NaOH, the first part of the neutral 
distillate collected and examined for neutral substances and the residue taken 
to dryness. The average molecular weight of the volatile acids was calculated 
from the amount of N NaOH solution used for neutralisation and the weight 
of dry sodium salts. 

Experimental results. 

In a series of preliminary experiments, the reaction mixture was heated at 
60° for 3J hours with a large excess of hydrogen dioxide: about 80 % of the 
original palmitic acid was recovered unchanged; the 20 % which had disappeared 
had been converted into carbonic acid (8 % total carbon), volatile acids (8 %) 
and the remainder into a mixture of ether- soluble substances from which succinic 
acid was isolated. There were indications of the presence of an acid of high 
molecular weight giving a crystalline clinitrophenylhydrazone of unsharp melting- 
point and also of reducing substances. A water-soluble acid was present giving 
the iodoform reaction in the cold. There was however no evidence of the presence 
of methyltridecylketone such as would have been expected if /?-keto- oxidation 

Table I. 


2 g. palmitic acid heated with HA and Cu salt at 90°. 



Minutes 

ml. 

6 % 

Wt. Cu 
palmi- 
tate and 
palmitic 
acid 

Total 

wt. 

co 2 

Wt. Na 
salt of 
volatile 
acids 

Av. 
mol. 
wt. of 
volatile 
acids 

% volatile 
reducing 
acid 
calcu- 
lated as 

Total wt. of 
ether extract 

Wt. of 
succinic 
acid 


heated 

HA 

g. 

g* 

g* 

g- 

formic 4 * 

g. 

g* 

A. 

11 

50 

Volatile acids separated by steam-distillation. 
1-29 0-37 0-28 75 10-1 

0*44 

Negative 


20 

75 

1-34 

0*37 

0*28 

75 

10*1 

0*44 

Negative 

B. 

20 

110 

0-40 

0*42 

0*90 

84 

12*75 

1*25 

Positive 


15 

80 

0-23 

0*47 

0*85 

78 

12*29 

>0*55 

Positive 

C. 

60 

175 

0*21 

0*68 

1*02 

74 

18*6 

1*6 

0*1 


60 

175 

0-04 

0*89 

Ml 

74 

18*3 

1*22 

0*1 


GO 

200 

0-30 

0*79 

1*08 

63 

13*15 

1*21 

— 


60 

200 

— 

1*21 

1*31 

56 

15*3 

1*34 

— 

D. 

60f 

175 

Volatile acids separated by concentration in vacuo. 
0-16 ~~ 0-33 67 23-8 

f 0*1 neutral \ 

0*1 


60 

175 

0-29 


0*52 

6S 

34*0 

U>8 acid 1 
1*2 

0*1 


60f 

175 

0*30 

__ 

0*47 

— 

33*0 

1-0 

0*05 


601* 

175 

0-32 

— 

0*60 

73 

— 

0*81 

0*11 


60 

175 

0-19 

— 

— 

51 

24*3 

— 

— 


60t 

175 

0-25 

— 

1*25 

131 

10*7 

0*90 

>0*1 


60 

175 

0*15 

0*72 

0*43 

64 

— 

— * 

— 

E. 

120 

185 

Volatile acids separated by steam-distillation. 
0*40 1*49 1*20 64 14*0 

1*2 



120 

285 

— 

1*49 

1*20 

54 

5*6 

— 

— 

F. 

240 

285 

0*10 

2*81 

1*30 

117 

3*5 

0*30 

— 


240 

285 

0*0 

2*9 

1*08 

53 

3*8 

0*17 

— 


* The reducing power was estimated by the reduction of mercuric chloride to calomel and calculated 
for purposes of comparison, but since formic acid is largely converted into C0 2 under the conditions of 
the experiment, other volatile reducing acids may have been present. 

t In each of these experiments larger quantities of palmitic acid were oxidised and the amount of 
product calculated as derived from 2 g. of palmitic acid. 
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had taken place, as is known in the absence of the cupric catalyst. The further 
experiments were carried out at 90° at which temperature practically all the 
palmitic acid was oxidised. 

After heating for 10-20 minutes at 90° with a limited amount of hydrogen 
dioxide, carbonic acid was evolved, and if the experiment was stopped" while a 
considerable amount of the bluish insoluble precipitate which had separated 
remained, about 2/3 of the original palmitic acid was recovered, part of it as 
copper palmitate. About 7 % of the total carbon had been converted into 
carbonic acid, about 5 % into volatile acids and the remaining 8 % was present 
in the ethereal extract. The residue from the latter was neutralised and the 
solution extracted with ether to remove any neutral substances. The oil obtained 
from this neutral fraction contained 66-78 % C and 10-14 % H. It appeared to 
be a mixture of lactones corresponding approximately with the formula C a H O 
which requires C, 67-61 ; H, 9-86 % . 14 2 

The behaviour on titration of the oil obtained from the acid fraction after 
it had been dried to constant weight in a vacuum-desiccator suggested the 
presence of a lactonic acid, since the colour of the indicator repeatedly disappeared 
on warming with additional quantities of N ( 10 NaOH. (Found for the free acid 
(micro-analysis) C, 64-13; H, 9-64 %. Mol. wt. by titration, 224 to 260; from 
analysis of Ag salt, 244. C 13 H 24 0 4 requires C, 63-93; H, 9-84 % . Mol. wt. 244.) 
Attempts to prepare a crystalline derivative from this acid were unsuccessful, 
and no evidence of the presence of the keto-group was obtained. A reducing 
group was present, since when warmed for a considerable time with ammoniacal 
silver nitrate solution a good silver mirror was deposited. 

When the acid was warmed for one hour on a boiling water-bath with 50 % 
sulphuric acid, a strong gorse-like smell, characteristic of fatty lactones was 
developed, and a very small amount of a neutral substance containing 70-40 % C 
and 10-40 % H was isolated agreeing with the theoretical values for the lactone 
C 10 H 18 O 2 (70-59 % C; 10-59 % H). 

From its behaviour on titration it appeared that the fraction having the 
composition C 13 H 21 Q 1 contained a certain percentage of lactone but that most 
of it consisted of free acid, the proportions of carbon and hydrogen agreeing 
with those required by a ketohydroxy-acid. Since however- the keto-group 
was not detected and could certainly not have been there to anv large extent, 
it seemed probable that the bulk of this product was an unsaturated dihydroxy- 
acid. The. substance reduced permanganate in neutral solution. At this stage 
no succinic acid was detected. 

The formation of a product agreeing with the composition C l;i H 21 0 4 makes it 
probable that not only had y- or 8 -hydroxylation of the original C 16 acid taken 
place but that hydroxylation had also taken place at two or three other points 
of the chain. The unsaturated linkage present in the C 13 product may indicate 
that hydroxylation of the atom in the /3-position to the 13th carbon atom had 
occurred with subsequent elimination of water, and the presence of a lactone 
that either the y- or 8-carbon atom had been hydroxylated. Since, after heating 
with sulphuric acid, the lactone isolated had the composition C 10 H 18 O 2 , it is 
possible that the remaining OH-group was in the y- or 8-position to the 13th 
carbon atom. 

When the proportion of hydrogen dioxide was increased, a point was reached 
at which rapid solution of nearly all the precipitate floating on the surface of 
the reaction mixture occurred, and practically the whole of the palmitic acid 
had been converted into water-soluble products. At this stage the quantity of 
carbonic acid given ofi was only slightly increased, but the amount of volatile 
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acids separating on steam- distillation was very much greater, and the average 
molecular weight showed that acids of higher molecular weight than acetic acid 
were present {cf. Table I). The residue from the ether extract was much in- 
creased, and its behaviour on titration again showed that a lactonic acid was 
present. Crystals of succinic acid were isolated and identified by a mixed 
melting-point. 

When the reaction product was heated with a considerable excess of hydrogen 
dioxide for one hour, the quantities of carbonic and volatile acids produced were 
increased, but the average molecular weight of the latter was diminished. When 
the product was concentrated by distillation in vacuo , the total weight of volatile 
acids was less than half of that obtained when the volatile acids were separated 
by steam-distillation, and the proportion of a reducing volatile acid was much 
higher. The ether extract of the product obtained after the residue had been 
concentrated in vacuo smelt of acetic acid and only reached constant weight 
after long evacuation in a vacuum desiccator. The difference shown in the 
amount of volatile acids obtained by the two different methods of working up 
(cf. Table .1) may be reckoned as due to the incomplete separation of the 
volatile acids, since during the concentration in vacuo , the product was not 
taken to complete dryness. In one experiment, the volatile distillate was neu- 
tralised with NaOH solution and extracted with ether. (Found (micro-analysis) 
Gj 54*71, H, 8*97 %. C 6 H 12 0 3 requires C, 54*54; H, 9*09 %.) The amount was 
very small and no evidence as to structure was obtained. 

In another experiment the sodium salts of the volatile acids were treated 
with strong H 2 S0 4 , and the diluted product was extracted with ether. The 
ethereal layer was shaken with potassium carbonate solution and the alkaline 
aqueous layer acidified and extracted with ether. From this ethereal solution 
an oil was obtained. (Found C, 43*99; H, 1*63 %. Mol. wt., by titration, 108; 
by analysis of Ag salt, 95. C 4 H 8 0 3 requires C, 46*15; H, 1*69 %. Mol. wt. 104.) 
From the neutral ethereal layer separated from the potassium carbonate solu- 
tion, a substance of characteristic lactone odour was separated. (Found C, 64*53 ; 
H, 9*81 %. C 6 H 10 O 2 requires C, 63*16; H, 8*77 %. C 7 H 12 0 2 requires C, 65*63; 
H, 9*38 %.) Volatile hydroxy-aeids and lactones had therefore been formed 
as decomposition products. 

In the neutral volatile portion (obtained by redistilling the neutralised dis- 
tillate, which had been separated either by steam-distillation or by concentra- 
tion under diminished pressure), propaldehyde was identified by means of its 
orange-red dinitrophenylhydrazone, melting after recrystallisation from alcohol 
at 153—154° and the result was confirmed by analysis of the hvdrazone. (Found 
N, 24*05 % . Cj)H 8 ]Nr 4 0 4 requires N, 23*73 %.) 

After oxidising the volatile acids with chromic acid, a neutral product giving 
analytical figures between those required for the lactones C 6 H 10 O 3 and C 7 H 12 0 3 
was obtained. When the sodium salts of the volatile acids were treated with 
strong sulphuric acid and the product distilled, propionic acid was identified in 
the distillate and separated as the characteristic basic lead salt. The routine 
method for estimating formic acid by reduction of mercuric chloride was also 
applied to the mixture of volatile acids and very considerable reduction took 
place. Since however formic acid is readily destroyed under the conditions of 
the experiment, some other reducing volatile acid may have been present. 

After one hour’s heating, for every 2 g. of palmitic acid oxidised, between 
6*1 and 0*2 g. succinic acid was isolated as crystals from the mixture, but there 
was evidence that considerably more was formed. 

The residue from the ethereal extract was divided into two parts by means 
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of its solubility in benzene. In one experiment in which 24 g. of palmitic acid 
had been oxidised, 6*72 g. of an oil insoluble in benzene and 4*6 g. of one soluble 
in benzene were obtained. 

From the oil insoluble in benzene more than 1 g. of succinic a cid separated as 
crystals and the residue was divided into two fractions: (1) a part soluble in 
water of low average molecular weight (94 by silver salt analysis, 122 by titra- 
tion) containing a considerable amount of succinic acid and giving a silver salt 
which rapidly darkened: (2) a part insoluble in water. The latter had an average 
molecular weight of 167, determined by titration and apparently contained 
about 20 % lactone. (Found C, 53*74; H, 7*87 %.) Its iodine value was 22*4. 
The simplest formula agreed most nearly with C 7 H 12 0 4 , which requires C, 52*50; 
H, 7*50 % . Since the proportion of carbonyl group determined by its reaction 
with sulphite was negligible, and considering the proportion of carbon to hydro- 
gen atoms, unsaturated hydroxy-acids must have been present with a small 
proportion of hydroxylactone. 

The composition of the water-soluble fraction (1) varied in different experi- 
ments from C, 52*7 to 56*5; H, 7*1 to 7*5 %, and it contained an appreciable 
amount of succinic acid. Estimation of the carbonyl group showed that less 
than 2 % was present; the iodine value was 35, indicating a considerable pro* 
portion of unsaturated acid in the mixture. 

The composition of the fraction soluble in benzene varied in a number of 
different experiments from 58*44 to 65*69 % C and from 7*8 to 9*7 % H. The 
molecular weight determined by titration gave values from 150 to 200 and the 
product contained about 21 % lactone. The product was divided into neutral 
and acid fractions. 

The neutral product appeared to consist of a mixture of hydroxylactones 
for the separation of which neither distillation nor fractionation by means of 
solvents has yet given satisfactory results. A fraction insoluble in light petroleum 
contained 63*00 % C and 8*08 % H. Its molecular weight (determined by heating 
a known weight for one hour on a water- bath dissolved in alcohol with a known 
amount of NaOH and titrating the excess) gave a molecular weight of 174, but 
the end-point was not very satisfactory. This substance did not react with a 
solution of sodium bisulphite and was therefore free from any appreciable 
amount of keto-compound. Its iodine value was 68, corresponding with the 
existence of rather less than half an ethylene linkage for the observed molecular 
weight. As already pointed out an ethylene linkage in the oc/3-position gives a 
very low iodine value. The available evidence would point to the presence of 
the lactone of an unsaturated hydroxy-acid corresponding approximately with 
the formula C 9 H 14 0 3 , which requires C, 63*53; H, 8*23 %. Mol. wt. 170. Until 
a better method of separation and identification has been found a definite 
formula cannot be ascribed to it. 

The acid fraction was converted into sodium salts, the solution of which 
was evaporated to dryness and the dry salts fractionated by their solubility 
in 96 % alcohol and acetone. The acid derived from a very hygroscopic sodium 
salt soluble in alcohol and not precipitated from alcoholic solution by the addition 
of acetone agreed in composition with the formula C 10 H ls O 4 . (Found 0, 59*58; 
H, 8*39 % . Mol. wt. by titration 200, 203. C 10 H ls O 4 requires C, 59*40 ; H, 8*91 % . 
Mol. wt. 202.) It no longer reacted as a lactonic acid, and the estimation of the 
carbonyl group was negative. The I.V. was 16*5. It may therefore be regarded 
as a dihydroxydecenoic acid. 

For purposes of reference we synthesised the a-keto- derivatives of octanoic, 
nonanoic and decanoic acids and examined their properties. The method adopted 
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was that used by Bouveault and Locquin [1904], in which nitrosylsulphurie acid 
was allowed to act upon the ethyl ester of the a-acetyl derivative of the normal 
fatty acid in the presence of concentrated sulphuric acid, when the acetyl croup 
was replaced by the group — NOH. By the further action of nitrosylsulphuric 
acid in the presence of formic acid the corresponding a-keto-acid was obtained. 

Preparation and properties of at-Jseto-odanoic acid. 

The ethyl ester of a-acetyloctanoic acid was prepared by heating together 
equimolecular proportions of sodium ethoxide, ethyl acetoacetate andliexyl 
iodide. The oxime of this ester (m.p. 52-53°) was prepared and, after recrystalli- 
sation, converted intooc-keto-octanoic acid [Bouveault and Locquin, 1904 ; Blaise 
and Luttringer, 1905]. This was a colourless crystalline substance, smelling 
strongly of “goat,” which melted at 117-118° after recrystalhsation from alcohol 
and subsequent washing with light petroleum, in which it was sparingly soluble. 
It formed an oxime, m.p. 110 , and a bright yellow dinitrophenylliydrazone 
which, after two recrystallisations from alcohol, melted at 136-5-137-5°. The 
acid gave a silver mirror on warming with ammoniacal silver nitrate. (Found: 
0, 60-28; H, 8-76 %. Theoretical: C, 60-76; H, 8-86 %.) 

Preparation and properties of a~Icetono?ianoic and x~ketodecanoic acids. 

These acids were prepared in a similar manner. a-Ketononanoic acid was 
derived from the ethyl ester of a-acetyliionanoic acid [Jourdan, 1880]; the oxime 
was a white crystalline substance melting at 58-59° after recrystalhsation from 
dilute acetic acid. a-Ketononanoic acid melted at 105-106°, formed an oxime 
melting at 112°, and a dhiitrophenylhydrazone melting at 129°. It reduced 
ammoniacal silver nitrate. (Found: G, 62-26; H, 9-08 %. Theoretical: 0, 62-78; 
II, 9-30 %.) a-Ketodecanoic acid was prepared from ethyl a-acetyldeeanoate 
[Guthzeit, 1880]; the oxime melted at 60-61°. The a-keto-acid melted at 85-86° 
after recrystalhsation from light petroleum. It gave a dhiitrophenylhydrazone, 
m.p. 126-128°, and a silver mirror with ammoniacal silver nitrate. (Found* 
C, 64-16; H, 10-15 %. Theoretical: G, 64-51; H, 9-68 %.) 

Summary. 

Although we have not yet been able to characterise substances of undoubted 
chemical individuality from the complex mixture of ether-soluble products 
obtained on oxidising palmitic acid by means of hydrogen dioxide in the presence 
of a cupric salt, certain inferences as to the nature of the products and therefore 
as to the intermediate stages of the process can be made. 

1. Hydroxylation appeared to take place simultaneously at several points 
of the palmitic chain. 

2. The palmitic carbon chain was gradually broken down, and evidence of 
the formation of unsaturated hydroxy-acids containing ten carbon atoms was 
obtained. There was also some indication that chains containing respectively 
thirteen and seven carbon atoms were formed during the reaction, but the 
chemical individuality of these substances requires further co nfir mation. 

3. Ketonic acids were present, if at all, only in very small quantities and 
were certainly not the main product of oxidation. 

i Lactones, indicating the formation of y- or 8-hydroxy-acids were split 
off during the course of the reaction. 

5. Unsaturated hydroxy- acids were present and, from the analyses of the 
products, these formed the main bulk of the intermediate substances. The low 
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iodine values recorded probably indicated the presence of some unsaturation 
in the 1 : 2-position. 

6. Volatile acids of low molecular weight were formed in considerable 
quantity and were split off at an early stage. 

7. When heated for 4 hours at 90° more than 50 % of the total carbon of 
the palmitic acid appeared as C0 2 and more than 20 % as volatile acids. 

8. For purposes of reference the a-ketoheptanoic and a-keto-octanoic acids 
were prepared and characterised. 

The study of these intermediate compounds is in progress and the result 
will form the subject of a further communication. 

The micro-analyses were carried out in Dr Schoeller’s laboratory. We desire 
to acknowledge the assistance given by a grant from the Department of 
Scientific and Industrial Research. 


REFERENCES. 

Battie and Smedley-MacLean (1929). Biochem. J. 23, 593. 

Blaise and Luttringer (1905). Bull. Boc. Ohim. 33, 827. 

Bouveault and Locquin (1904). Bull. Soc. Ohim. 31, 591, 1058, 1142. 
Clutterbuck (1927). Biochem. J. 21, 512. 

and Raper (1925). Biochem . J. 19, 385. 

Dakin (1908, 1). J. Biol. Chem. 4, 221. 

(1908, 2). J . Biol. Chem. 5, 173, 303. 

(1909). J. Biol. Chem. 6 , 203. 

Groger (1887). Monatsh. Chem. 8, 490, 497. 

Guthzeit (1880). Liebig's Ann. 204, 2. 

Jourdan (1880). Liebig's Ann. 200, 105. 

Nordlinger (1S86). Ber. deutsch . chem. Ges. 19, 1899. 

Traube (1905). Ber. deutsch. chem . Ges. 38, 830. 

(1906). Ber. deutsch. chem. Ges. 39, 178. 

(1910). Ber. deutsch. chem. Ges. 43, 763. 

(1911). Ber. deutsch. chem. Ges. 44, 3141. 

(1932). Ber. deutsch. chem. Ges. 65, 187, 190. 

Smedley-MacLean and Pearce (1931). Biochem. J. 25, 1252. 

and Thomas (1921). Biochem. J. 15, 319. 



LXXI. NOTE ON THE STORAGE OF CARBO- 
HYDRATE AND FAT BY SACCHAROMYCES 
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[Received February 19th, 1934.) 

The storage of carbohydrate and fat by yeast on incubation in various sugar 
solutions (glucose, fructose, sucrose, maltose, lactose) was studied by Smedley- 
MacLean and Hofiert [1923; 1924]; the investigation has now been extended 
to include galactose. 

The brewery yeast used in the previous experiments, a mild ale yeast which 
did not ferment galactose, produced on incubation in a 4 % solution of this 
sugar no increase in fat and a fall in carbohydrate. Saccharomyces FrohJberg , 
a yeast known to ferment galactose after acclimatisation, was therefore tried. 
This yeast was acclimatised to galactose by culturing on a hydrolysed lactose 
and yeast extract medium, and grown, at laboratory temperature, on a 5 % 
sucrose and yeast extract medium, 4 litres of which furnished about 20 g. of 
yeast after a week’s growth. 

6*25 g. of the Frohberg yeast were analysed as a control, and two portions 
of 6*25 g. incubated in 500 ml. of each of the two solutions to be compared, 
for 44 hours, with oxygenation, at room temperature (ca. 15°). 

The methods of estimation of carbohydrate and fat were those described in 
the previous communication. 

Possibly owing to the different media on which they had been grown, the 
carbohydrate content of the Frohberg was somewhat lower than that of the 
brewery yeast, while the fat content of the former was nearly twice as great. 

The storage in 2, 4 and 5 % glucose and galactose solutions was studied, 
equal portions of the same sample of yeast being incubated, under the same 
conditions, in the two solutions to be compared. An increase of carbohydrate 
storage and of fat storage with increasing concentration of sugar was shown 
both in glucose and galactose solutions. There was no significant difference be- 
tween the amount of carbohydrate stored on incubation in the same concen- 
tration of glucose or galactose ; in glucose, however, more fat was stored at all 
concentrations than in galactose (see Figs. 1 and 2). 

The effect of the presence of phosphate (0*49 g. Na 2 HP0 4 , 12H 2 0 + 0-143 g. 
KH 2 P0 4 per 500 ml. of solution, about 7-8) in 5 % solutions of glucose and 
galactose was then observed. It was shown previously that addition of phos- 
phate to solutions of glucose, fructose, sucrose and maltose, brought about an 
increased storage of fat and also of phosphorus in brewery yeast incubated 
therein. This effect was marked and led to the suggestion that fat formation in 
yeast proceeded via hexosephosphate. The Frohberg yeast behaved differently. 
When it was incubated in a 5 % glucose solution to which phosphate had been 
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added there was no increase in fat storage, the variation was rather a decrease 
hut not of significant amount; the presence of phosphate in a 5 % galactose 
solution caused a slight increase in fat, but this was not of the same order as 
the increases referred to above. 




Estimation of phosphorus content, by Neumann’s method, showed no 
significant variations. 

A somewhat more marked effect seems to be shown on carbohydrate storage. 
The addition of phosphate to a glucose solution caused a diminution, to a 
galactose solution an increase, in carbohydrate content. 

Estimation of the residual sugar in a solution in which yeast had been incu- 
bated, showed that in parallel experiments, nearly twice as much glucose w r as 
used up as galactose. Tests were performed to ascertain whether the F robber g 
yeast lost its power of fermenting galactose when grown on sucrose media and 
the results indicated that this was so; since the amount of galactose (up to 10 g.) 
used up during a 44-hour incubation could not, however, have been accounted 
for by increased storage within the cell and some fermentation of galac- 
tose must have taken place though this was probably retarded. There was no 
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difference between the amount of sugar used up from a sugar solution and from 
a similar solution with phosphate. 

The Frohberg yeast was also incubated in 5 % solutions of maltose, fructose 
and sucrose. The carbohydrate storage, in these sugars, was of the same order 
as m glucose and galactose at the same concentration ; particularly remarkable 
was the total absence of the extra carbohydrate storage shown by brewery yeast 
m maltose, attributed then to the possible direct formation of glycogen from 
maltose. Fat storage was poorer in maltose solution than in galactose and in 
fructose and sucrose of the same order as in galactose; it was in no case so good 
as in glucose. 6 

Summary. 

1. Carbohydrate storage. The carbohydrate storage of Saccharomyces Frohbera 
onmcubation in solutions of glucose, galactose, fructose, sucrose and maltose 
of the same strength is similar in all cases. Glucose and galactose were investi- 
gated m varying concentration whereby it was shown that there was an increased 
medium ° f carbotydrate with increased concentration of either sugar in the 

Frohberg yeast behaved similarly to brewery yeast when incubated in solu- 
tions of glucose, galactose, fructose and sucrose but showed a marked difference 
on incubation in maltose. While Frohberg yeast stored normal amounts of 
carbohydrate m the case of this sugar, in brewery yeast an abnormally hfrh 
carbohydrate storage occurred. - y 

• \ f tora 3 e " . Frohberg yeast showed a greater power of forming fat when 

incubated in solutions of glucose than in those of galactose, fructose, sucrose 
or maltose; the last seemed the least effective. In the cases of glucose and 
galactose the amount of fat stored increased with increase of sugar” in the sur- 
pountog medium. The addition of phosphate to the medium did n"t apZp 

brewery yea<T Ch mCreaSe ° f fat Storage aa was previously noted in the case of 
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LXXII. THE OSMOTIC PRESSURE OF 
GUM ACACIA SOLUTIONS. 
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Hospital, London, 1 j 

(Received February 13th, 1934.) , j 

The great and increasing use of solutions of gum acacia, with or without the addi- 
tion of sodium chloride, as an infusion in cases of shock and loss of blood [Bayliss, ffi 

1918], together with the mass of data now available relating to the osmotic ,;h: 

pressure of the blood- colloids in health and disease, render an exact knowledge 
of the osmotic pressure of the colloids in gum acacia solutions of importance. 

The osmotic pressure of the solution is likely to be modified by such factors 
as the concentration of salts present, the heat treatment to which the solution has 

been submitted for purposes of sterilisation and, perhaps, the dilution of the gum, A 

a concentrated solution containing larger complexes than one more dilute. 

It was, therefore, decided to study the effects of concentration, of the addi- 
tion of salts and of the influence, if any, of different methods of sterilisation 
upon the osmotic pressure of the colloids in solutions of gum acacia. 

Methods. 

Apparatus . For the majority of the experiments recorded below the Krogh 
[Krogh and Nakazawa, 1927] type of osmometer, made by the Zsigmondy Ultra- 
filter company, was used. In a few of them the osmometer used by Widdowson 1 

[1933] was employed. The osmometers were set up in all the three possible 
positions — dialysate above plate with bent capillary; dialysate below plate 
(Krogh) ; dialysate above plate with straight capillary — and, as concordant 
results were obtained with all of these, the pressures measured were obviously 
real. A loose-fitting cap containing damp cotton wool covered the open ends of 
the osmometers in cases one and three above, while the end dipped into water 
when in the “Krogh 55 position. Evaporation of the dialysate was thus prevented, 
i Pressures were recorded in cm. of water. 

Membranes. In the present series of experiments only cellophane (“No. 600 ”) 
as used by Widdowson and by Govaerts [1927] was employed. 

Time and temperature . Between 22 and 24 hours was allowed for equilibrium 
to be attained. 17 hours was definitely too short a time and in several cases good 
readings were obtained after a lapse of 46 hours. One of the osmometers was 
accommodated in a vacuum flask, but this did not seem to add much to the 
consistency of the readings. All pressures were reduced to 0°. 

Material. Finest commercial “Gum acacia parv” was used for making the 
test solutions. Solutions were never more than 3 days old for “fresh’ 5 gum. 

When sterilised material was employed it was sterilised in small bottles and a 
fresh one used if the previous one had been open for more than 3 days. Some fresh 
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^im solutions were preserved by the addition of sufficient thymol to saturate the 

The standard infusion solution used clinically contains 6 % of gum acacia, 
liiis strength was made a standard and all results referred to it. 

Effect of concentration on osmotic pressure. 

Solutions of varying strength were examined. It was not possible, with the 
apparatus in use, to measure pressures much higher than were given by k solution 
of 6 % concentration. 

Table I. 

Strength of Osmotic pressure 


solution 
0 / 
so 

2 
2 
3 
3 
3 
3 
6 
6 


observed cm. water Osmotic pressure 


at 0 ° 
28-1 
23-9 
37*4 
40-4 
40-0 
38-8 
80-8 


for 6 _ . 
84-3 
71-7 
74-8 
80-8 
80-0 
77-2 
SO *8 


Mean value (for 6 % gum) 78-4 cm. pu 44-4*5. 

Tim results in Table I show that the osmotic pressure is not affected within 
the limits of experimental error by alteration in the strength of the solution 
between the limits 2-6 %. For solutions saturated with thymol the results are 
given m Table II. 

Table II. 

Strength of 


solution 


Osmotic pressure 
observed cm. water 


Osmotic pressure 


2 23-82 71-46 

" 2o*55 76*05 

3 40-1 80-2 

3 36-5 73-0 

4 48-9 73-3 

6 73-4 73.4 

Mean value (for 6 % gum) 74-7 cm. 

Again it is obvious that dilution lias not affected the observed osmotic 
pressure. The presence of thymol causes a diminution of 4-9 % in the osmotic 
pressure. 

E ff ect °f the addition of sodium chloride ( Table III). 

JXfy? containing 6 % of gum and 0-9 % salt (corresponding to the clinical 
solution of 6 % gum in normal saline) were examined. 

Mean osmotic pressure observed 11-93 cm.; p H 4*2. 

Table III. Effect of different concentrations of sodium chloride . 


Gum 6 % contain- 
ing salt (%) 

2*0 
0*9 
0*46 
0*31 
0*276 
0*2 
0*1 
0*05 

mi 


Mean osmotic 
pressure 
11-0 
11*93 
15*8 
18*0 
18-26 
21*6 
32*6 
49*5 
78*4 


2>h 

4-2 

4-3 

4-4 


4-5 
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The addition of salt has therefore a profound depressing action on the osmotic 
pressure of the coEoids in gum solutions. 

6 % gum in 0*9 % saline, saturated with thymol, 11*32 cm. 

Saturating the solution with thymol depresses the osmotic pressure by the 
same proportion (4*9 %) as was found for pure gum solutions. 

The figures obtained all lie on a smooth curve of hyperbolic type, and no 
discontinuity is observed. (See Fig. 1.) 



Fig. L Osmotic pressure of 6 % gum acacia solution with varying amounts of NaOL 

The of the solution, falls proportionately as the salt content rises. This is 
due to a change in the gum, not to the salt itself, since 3 % gum in normal saline 
has a p R of 4*3 as against the value of 4*2 for 6 % gum containing the same amount 
of salt 

Effect of dialysis ( Table IV). 

In view of this series of results it was decided to measure the osmotic pressure 
of gum solutions purified from salts, naturally present in the solution, by dialysis. 

Pure gum solutions were dialysed in a pair of Asheshov’s tubes, fitted with a 
cellophane membrane, against distilled water. The gum was preserved by the 
addition of thymol as above and the distilled water was also saturated with this 
preservative. The osmotic pressures were corrected for the depressing action of 
thymol by the amount found to be correct from earlier work. The water was 
changed daily. Table IV . Effect of dialysis . 


Gum solution 1 month, old dialysed for 5 days gave 
Gum dissolved in apparatus and dialysed 7 days gave 
Gum freshly dissolved 


Osmotic pressure 
cm. 

83*6 for 6 % 
115 for 6 % 
78*4 


The difference between the two results above may be ascribed to one of three 
causes or to a combination of them. 

1. Thymol does not protect the gum completely against bacterial action. 

2. The osmotic pressure of a gum solution may alter naturally with time. 

3. The second solution was dialysed for a longer time. 
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It is considered that the first cause cited above is the most likely. 

As expected, purification of the gum solution by dialysis caused a rise in the 
observed osmotic pressure. 

Sterilisation. 

The effect of different types of heat treatment on the osmotic pressure was 
investigated on four solutions containing 6 % of gum. The treatments to which 
these were subjected were as follows (Table V). 

Table V. Effect of heat treatment. 

Solution A, steamed for 20 minutes on 3 successive days; B, autoclaved to 30 lbs. pressure; 
C ? autoclaved to 30 lbs. pressure and then to 7 lbs. for 10 mins, ; D autoclaved to 30 lbs. pressure* 
and then steamed on 3 successive days. 

The osmotic pressures are those for 6 % concentration. 



Mean osmotic 



pressure observed 


Solution 

cm. water 

Pm 

A 

80*9 

4*55 

B 

77*3 

4*65 

C 

98*2 

4*55 

D 

101*6 

4*60 

Fresh gum 

78*4 

4*4-4*5 


For gum solutions containing 0*9 % of sodium chloride the values in Table VI 
were obtained (the letters refer to the same heat treatment as in the pure gum 
series). 

Table VI. 


Solution 

Mean osmotic 
pressure 

Pm 

A 

12*87 

4*4 

B 

12*59 



C 

15*91 

4*3-4*2 

D 

17*04 

4*3 

Fresh gum saline 

11*93 

4*2 


The conclusions to be drawn from these two sets of results are that, while 
sterilising by any method does break up the gum molecule, such damage is not so 
profound as to render the resulting particles dialysable to any marked extent. 
If this had occurred a diminution in the value of the osmotic pressure would have 
been found instead of the increase actually met with. 

The second sterilisation (after filling into the final container) does more 
damage than the firsthand steaming on 3 successive days is more active as a 
disruptive agent than is the autoclave treatment. 

The same order of increase in osmotic pressure is noted hi both sets of 
solutions, but the proportionate increase is greater when salt is present (Table 

Table VII 


Solution 

Fresh 

A 

B 

G 

D 

Saline 

osmotic pressure 

11*98 

12*87 

12*59 

15*91 

17*04 

Pure (calc, from 
saline figures) 
osmotic pressure 

(78*4) 

85*3 

83*5 

105*5 

112 

Pure (observed) 
osmotic pressure 

(78*4) 

80*9 

77*3 

89*2 

101*6 

The p a of gum solutions is not markedly affected by 

sterilisation. 
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Discussion and summary. 

The results detailed, above show that while the colloid osiuotic pressure of 
gum acacia is independent of the concentration over the range 2-0 %, it is 
greatly reduced by the presence of salt. The actual osmotic pressure of 6 % gum 
in normal saline is only little more than one-third of that of the blood- colloids, 
and, while sterilisation causes a considerable increase in the osmotic pressure, 
the latter is even then less than one-half that of the colloids in normal blood. 
It would seem that the addition of salt to gum solutions is, partially at least, 
defeating the clinical object of the administration of such treatment. 

The sterilised gum solutions used in the work were supplied by The Crookes 
Laboratories. 
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By HENRY JAN GORCICA, WILLIAM HAROLD PETERSON 
AND HARRY STEENBOCIv. 

From the Departments of Agricultural Chemistry and Agricultural 
Bacteriology, University of Wisconsin, Madison. 

(• Received February 17th, 1934.) 

iN view of the enormous number of mould species and the high nitrogen content 

of the mycelium 4-10 %), it is surprising to find how meagre are the data oS tire 
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In view of the incompleteness of the data, it seemed desirable (a) to separate 
the total nitrogen of mould pads into various fractions according to their 
solubilities and (b) to determine the partition of nitrogen in each of these fractions. 

Experimental. 

The mould tissue used in the following experiments was a pure culture of 
A. fischeri grown in batches of 25 kg. on a glucose -inorganic salts medium. The 
details of the procedure used in growing the mould have been reported in a 
previous paper [Peterson et al ., 1933]. 

Preliminary experiments . 

Several preliminary nitrogen extraction experiments were conducted. While 
the data from these experiments cannot be presented here because of lack of 
space, the following statements give the more important results obtained. 

Mould tissue which had been killed by steaming, then dried and ground and 
subjected to long extraction with hot alcohol to remove fat and sterols [Pruess 
et al ., 1932] proved to be unsatisfactory for nitrogen studies. Tissue that had been 
thus treated absorbed water and formed a slimy, jelly-like mass, which was not 
filtrable. The extract remained turbid even after passage through a Sharpies 
super- centrifuge. The nitrogen of the mycelium distributed itself among succes- 
sive solvents as follows: water, 11*7 %; 2% NaOH, 28*2%; 5% NaOH, 
30*8 %; alkali-insoluble, 18*9 %. 

Mould tissue which was killed by steaming at 99° for one hour, then dried for 
48 hours at 65° and ground was more satisfactory in that it could be filtered by 
draining overnight from fluted filters. The solubility of the nitrogen in this 
material was as follows : water, 18*9 % ; 2 % NaOH, 26*7 % ; 5 % NaOH, 28*7 % ; 
alkali-insoluble, 17*1 %. 

The best results were obtained when perfectly fresh untreated mycelium was 
used. Aqueous extracts of this material filtered readily and gave clear filtrates. 
However, complete extraction of water-soluble substances was obtained only 
after extraction of the residue with alcohol-ether following a first water extraction. 
When this was done, an additional quantity of water-soluble nitrogen, almost 
equal to that contained in the first extract, was obtained. 10 % sodium chloride 
solution or 1 % hydrochloric acid solution extracted about the same percentage 
of the total nitrogen as did water alone. 

Extractions of the water-insoluble residue with alkaline (KOH, NaHC0 3 , 
Na 2 C0 9 , Ba(OH) 2 ) solutions of various strengths and under different conditions 
of time and temperature were compared. 1 % KOH solution at room tempera- 
ture followed by 4 % KOH solution at boiling temperature seemed to give the 
most regular and informative results. 

On the basis of the preliminary experiments the final extraction procedure 
given below was adopted. 

Method of extraction. 

Mould tissue fresh from the pans of the steriliser-incubator was rinsed with 
distilled water and immediately ground to a fine paste in a Nixtamal 5J mill. The 
ground pad was allowed to fall into a dish containing chipped ice and was stirred 
into the ice. When the pad had all been ground, it was emptied into a jar of iced 
water and stirred vigorously for 15 minutes with an electric stirrer. It was then 
filtered with suction on a cloth filter and the filtrate poured back upon the filter- 
cake and refiltered until it came through clear. The filter- cake was given two 
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more 16-minute extractions with iced water, and all three filtrates were combing 
and comprise the ‘ ' First water-exti’act.” 

The filter-cake from the water-extract was thoroughly stirred into a lame 
excess of alcohol-ether (1 : 1), and allowed to stand overnight. The alcohol-etiW 
was filtered off, and the filter-cake was suspended in ether and allowed to stand 
several days before filtering. The filtrates were combined; they constitute the 
JLrpm fraction.” uc 

The ether-extracted filter-cake was spread out in a thin layer and air-dried 

be ?2L a fa ? ^ 2 b ? ms ' Tbe dr ^ P owder was tJ ien stirred with water for 15 minutes 
and filtered. The filter-cake was re-suspended hi water and allowed to soak over- 
night under protection of toluene. It was then filtered, and the two filtrates 
combined formed the 4 4 Second water-extract.” 

The residue from the water extraction was stirred into an excess of 1 °/ KOPT 
solution and allowed to stand at room temperature for 2 days. The suspension was 
filtered with suction on a cloth filter, the filter- cake washed twice by stirrino' with 

“Cdd?% KOH g extect ” 6 three W6re C ° mbined - This “ designated as 

The filter-cake was boiled with 4 % KOH solution for one hour, filtered 
“Ho7r% KOH^xtect ^ ater ’ ^ ^ ffltrates were combined to form the 

Q _ 5 lie i re i S1 ^ Ue f f 01 ^ tbe Il0t alkaIille extraction was washed with 50 % alcohol 
95 /, alcohol and ether and then dried. This fraction is called “Residue ” 

The extraction procedure as described above has been carried out a number 
TabS?’ ^ tW ° typiCal anal y ses (° n batches 28 and 31) are presented in 

Table I. Nitrogen distribution of A. fischeri. 


Percentage distribution 


Percentage composition 
of fractions 



/ - " ■■ 

Nitrogen 

Batch 

A 

\ 

Solids (ash- 
free basis) 
Batch 

Nitrogen (ash- 
free basis) 
Batch 

h 

Ash 

Batch 

nitrogen. 
Percentage of 
total nitro- 
gen in each 

Fractions 

First water- 
extract 

28 

17-2 

31 

16*8 

28 

19*8 

31 

15*6 

28 

4*4 

31 

6*7 

28~~ 

13*4 

31 

11-6 

fraction 
Batch 31 

37*5 

Lipins 

Second water- 
extract 

1-2 

13*6 

1*2 

11*7 

9*5 

17*0 

8*5 

14*8 

0*9 

4*1 

1*1 

4*9 

0*0 

1*4 

0*0 

1*8 

f 

25*0 

Cold 1 %IvOH 
extract 

39*7 

41*2 

21*1 

22*9 

9*6 

111 

35*0* 

33*6* 

9*4 

Hot 4% KOH 
extract 

13-0 

14*3 

13*7 

15*2 

4*9 

5*8 

64*4* 

54*1* 

14*0 

Residue 

Total recovered 
Whole mould 

12-2 

13*8 

26*0 

27 *2 

2*3 

3*1 

2*9 

2*4 

f 

96*9 

100*0 

99*0 

100*0 

107*1 

100*0 

104*2 

100*0 

5*1 

6*2 

3*0 

2*9 

t 

* 

Including ash from alkali. 


f Not determined. 


Nitrogen distribution . 

As can be seen from Table I, 17-2 and ifi.ft 0 / n-F * 4 . 

extract P ITe f 28 ? d 31, res P ectiv ely, wer ° e dissolved in the'fSt water! 

lesl (4 4 I C°£ Ttt ent f , the eS m aCted S ° Ms in bat ° h 28 was s % b % 

shXim (? 7 % aglttVs t) (W %) ’ ^ “ bat ° b 31 * ™ 
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The first water-extract was a yellowish green solution of y H 4-6. It gave 
negative biuret, Millon and Hopkins-Cole tests and a positive xanthoproteic test. 
It gave no precipitate with trichloroacetic, acetic or hydrochloric acid, hut gave 
a slimy brown precipitate when made alkaline with KOH, and a further precipi- 
tate upon the addition of baryta to the filtrate from the KOH precipitation. 
Neither of these two precipitates contained as much as 1 % of nitrogen. The 
KOH precipitate contained 56 % ash and the bai'yta precipitate about 90 %. 
Since the extracted solids contained about 12 % ash, it is evident that the water 
extraction removes most (71 %) of the ash of the mould pad. The barium preci- 
pitate consisted of about 12 % barium sulphate and about 88 % barium 
phosphate. 

Several peculiar results were noted in making the colour tests on this first 
water-extract : the development of a deep green colour with the biuret reagents, 
and a blue colour with phosphotungstic acid-sodium carbonate. On investigation 
of the reasons for the blue colour test, it was found that Hunter’s [1928] colour 
test for ergothioneine was strongly positive. Attempts to isolate ergothioneine 
by two different procedures [Tanret, 1909 ; Williamson and Meldrum, 1932] failed. 

The second water-extract (following the removal of the lipins) differed in a 
few particulars from the first. It gave a negative biuret test, but positive Millon, 
Hopkins-Cole and xanthoproteic tests. No proteins were present, however, as 
was shown by the absence of any precipitate with trichloroacetic acid or upon 
heating. 

Extraction with cold 1 % KOH solution removed about 2/5 of the nitrogen 
originally present in the mould pad ( 39*7 %, batch 28; 41*2 %, batch 31). The 
extract gave positive biuret, xanthoproteic, Millon and Hopkins-Cole tests. A 
heavy white precipitate was formed upon acidification. A considerable amount 
of carbohydrate was present in the extract as was evidenced by the fact that the 
acid hydrolysate of the extract strongly reduced Fehling’s solution. 

Various procedures were used in an attempt to isolate the protein from the 
extract, including fractional precipitation by alcohol and acetone, saturation with 
zinc sulphate, precipitation by trichloroacetic and tungstic acids; but none of 
these methods gave a protein preparation free from carbohydrate. In fact, the 
highest nitrogen content found in any fraction was only 12*3 %. It may be that 
the carbohydrate and protein were combined as in the case of glycoproteins. 
Other investigators have reported similar low nitrogen figures for mould proteins, 
12-12*9 % [Thomas and Moran, 1914; Clutterbuck et al., 1932]. 

The extraction with boiling 4 % KOH removed a quantity of material which 
was rather low in nitrogen (4*9-5*8 %). The extract was coloured dark brown, 
and the precipitates obtained from it were also very dark. Part of the alkali used 
in the extraction was not accounted for on titration with acid, presumably 
because of the presence of acidic groups in the extracted material. 

The nature of the resistant, alkali-insoluble residue has been discussed else- 
where [Norman and Peterson, 1932]. Hydrolysis for 24 hours with 20 % HC1 
brought 78 % of its nitrogen into solution. Glucosamine hydrochloride readily 
crystallised out of the acid hydrolysate and accounted for 62 % of the nitrogen in 
the resistant residue. 

Partition of the water-soluble nitrogen. 

The ammonia-nitrogen of the water-extract (batch 28) was very low, only 
3*9 % of the total. It is quite obvious that the mould, although it may absorb 
nitrogen in the form of ammonium salts, does not store it in the hyphae for any 
length of time in that form. 
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A rough attempt was made to determine the amount of urea present by preci- 
pitation with xanthydrol and determination of the nitrogen content of the 
precipitate. This was found to be 3-9 % of the total nitrogen in the extract. 

The amounts of amide-nitrogen found varied within wide limits accordino- to 
the method used. The lowest figure, 3-5 %, was obtained by hydrolysis with 
2N H a S0 4 for 6 hours [Vickery, 1931]. The highest figure, 14-8 %, was found 
after hydrolysis with 20 % HC1 for 24 hours. The difference between these two 
figures (11*3 %), is formed from unknown compounds during the severe hydro- 
lysis with 20 % HC1. The maximum figure is slightly less, however, than that 
reported by Vorbrodt [1 926] who found 20-9 % amide -nitrogen in the hydrolysate 
of the water-extract of A. niger. 

In some batches of mould the first water-extract contained some substance 
which had the power of catalytically decomposing nitrous acid to nitric oxide 
with extreme rapidity. Consequently, attempts to determine the a- amino- 
nitrogen of these extracts by the Van Slyke method were attended with great 
difficulty. The apparent amino-nitrogen of these extracts varied from 80 to 
110 % of the total nitrogen in the extract. However, in the water-extract of a 
batch that behaved normally the free amino-nitrogen before acid hydrolysis was 
37-5 % of the total nitrogen in the extract. (Table I.) “ 

The nitrogen partition of the water-extract from batches 31 and 34 is given 
in Table II. The basic nitrogen in the acid-hydrolysed extract varied from 14-9 


0 / 

/o 


TabJe II. Nitrogen partition of water-extract . 


Ammonia-N 

Batch 31 
% of 
total N 

18-7 

6*6 

Bat eli 34 
% of 
total 1ST 

18*1 

Humin-N 

5*4 

20*0 

P liosphotungstic acid precipitate-N 

14*9 

Pliospho tungstic acid filtrate, amino -N 

58*9 

58*4 

P liosphotungstic acid filtrate, non-ainino-N 

1*5 

0*3 

Total recovered 

100*6 

102*2 


of the total (batch 31) to 20-0 % (batch 34). Vorbrodt [1926] found 6-2 % basic 
nitrogen in the acid hydrolysate of the water-extract of A . niger. 

Although the water-extract gave no clearly positive test for peptides, it 
contained a large proportion of peptide-nitrogen. Before hydrolysis, the 
a-ammo-mtrogei 1 was 302 % and after hydrolysis 67-7 %, giving a difference 
oi °/q as combined amino-nitrogen. 

The lipin fraction contained a small amount of nitrogen which was not 
investigated further. 

Fractionation and partition of the alkali-soluble nitrogen . 

The cold alkaline extract was found to contain two types of protein— one 
soluble in acid solution, the other precipitable on acidification. The acid filtrate 
however, also contained considerable amounts of carbohydrate, and the acid- 
sohible protein and carbohydrate had almost identical solubilities, so much so 
that it was exceedingly difficult to separate the two. Tor example, tungstic acid, 

hyd.ratTalro etely preClpltated the P rote ™» was found to precipitate the carbo- 

The procedure finally adopted is shown in the following scheme : precipitation 
of first protein fraction with acid at p H 4-S-5-2, precipitation of second protein 
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fraction with copper sulphate at 6-2— 6-5, with most of the carbohydrate 

remaining in the filtrate. 


1 % cold ivOH extract — 12*2% N 


100%=dry weight 1 

1 1 00% = total N 

! 

iPhSCb] 

1 

- . 


I. Protein precipitate— 11*8% 

■ ^ 

Acid filtrate— 1 0*0 % 

35*9% 38*0% 

75*8% 1 

| 

62-0% 

[CuSO.,] 

U Jll U --J.. J JJULUUUMJJ L_ 

II. Precipitate— 12*3 % 

’ i 

III. Filtrate— 3*2% 

30-5% 51-2% 

24' 5% 

10*8% 


Fractionation of nitrogen in first alkaline extract (batch 34). 

Explanation: Figures above the line and on the right indicate percentage of nitrogen in 
each fraction (ash-free basis). Figures below the line on the right show the percentage of the 
total nitrogen which was contained in each fraction. Figures below the line on the left indicate 
the percentage of the total solids (ash-free) found in each fraction. 


The first protein precipitate was a tan- coloured powder; it contained 1-2 % 
ash, 11*8 % N and 0*4 % P. It was soluble in dilute alkalis, precipitated by 
acidification with mineral acids (partly dissolved by an excess), acetic, trichloro- 
acetic, phosphotimgstie and tungstic acids. It gave all the usual protein colour 
tests and in addition reduced Fehling’s solution after acid hydrolysis. 

The copper sulphate precipitate dissolved in excess acid with the formation 
of a greenish blue colour, and in excess alkali with the formation of a deep purple 
colour. It contained 12*3 % N and 2*4 % P (ash-free basis), and varying amounts 
of ash, 12 to 37 %. This preparation was precipitated from acid solution by 
phospho tungstic and tungstic acids. The acid hydrolysate of this preparation 
reduced Fehling’s solution. 

The filtrate from the copper sulphate precipitate no longer gave any protein 
colour tests but contained 3*2 % N (ash-free basis), of which 36 % was free 
amino -nitrogen. After acid hydrolysis, it strongly reduced Fehling’s solution. 


The distribution of the nitrogen and of ash-free solids in the three fractions is 


shown in the scheme. 

Table III. 


Nitrogen partition of the combined alkaline 
extracts ( batch 31). 


Ammonia-N 

Humin-N 

Phosphotungstic acid precipitate-N 
Phospbotungstic acid filtrate, amino-N 
Piiospliotungstic acid filtrate, non-amino-N 

Total recovered 


Extract 

H 2 SO, ppt. 

CuSG 4 ppt. 

0/ nf 

/o OI 

% of 

% of 

total N 

total JSf 

total N 

6*6 

4*9 

6*7 

8*2 

7*7 

7*9 

24*4 

20*5 

31*6 

51*5 

61*5 

55*0 

6*1 

6*9 

0*0 

96*8 

101*5 

101*2 


Table III shows the nitrogen partition of the combined alkaline extracts of 
batch 31, in which 55*5 % of the total N of the mycelium was alkali- soluble. This 
material differed markedly from the water-extract in that only one-third as much 

Bioehem. 1934 xxvm S3 


0/ * n f 

/o OI 

% of 

total jS t 

total N 

4- 9 

5- 8 

8-7 

13*8 

22*8 

38*0 

60*2 

36*5 

3-9 

1*8 

97*6 

98-8 
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ammonia was liberated by acid hydrolysis. The alkali-soluble nitrogen also 
contained a considerably larger amount of basic nitrogen than did the water- 
extract. The copper sulphate precipitate contained 50 % more basic nitrogen 
than- the acid precipitate, which fact may be due to the presence in the former 
fraction of most, if not all, of the mould nucleic acid. 

This difference between the two fractions was still more marked in the nitrogen 
partition (Table IV) carried out on the two fractions from the cold 1 % KOH 

Table IV . Nitrogen partition of protein fractions from first 
alkaline extract ( batch 34), 

H 2 SQ 4 ppt. CuS0 4 ppt. 

Ammonia-N 
Humin-N 

Pliosphotungstic acid precipitate-N 
Phospliotungstic acid filtrate, amino -N 
Pliosphotungstic acid filtrate, non-amino -N 
Total recovered 

* Average of two determinations. 

extract (containing 43-2 % of the total mycelial nitrogen) of batch 34. In the 
copper sulphate precipitate of this extract 38 % of the nitrogen was basic and 
only 36-5 % monoamino-nitrogen. This fraction would very likely serve as a 
convenient source of mould nucleic acid. 

Stjmmaby. 

The solubility and partition of the nitrogenous constituents in the mycelium of 
A fischenh&ve been determined. The mould-nitrogen was most easily extracted 
when fresh, unaltered mould tissue was used. The mycelium contained about 
3 2 % water-soluble non-protein-N, 55 % of alkali-soluble protein-N, and 12 »/ 
of alkah-msoluble residue-N. ’ /0 

The alkali-soluble protein consisted chiefly of two fractions, one precipitated 
by acids, the other acid-soluble but precipitated by copper sulphate. 

The acid-msoluble protein contained 1-2 % asli, 11-8 % N and 0-4 % P. Of 
the A in this protein, 22-8 % was basic N and 60-2 % was monoamino -AT. 

112 37 ^“ a^ variable, but generally high, ash 
LmtahA KsCfo/ 0 (ash-free basis) and 2-4 % P (ash-free basis). This protein 
ontamed 38-0 ^ of basic N and only 36-5 % of inonoamino-A. 

fif oT wT tant f! ld , Ue eo . ntained 2 3 % N - Of the nitrogen in this residue, 
02 % has been isolated as gluoosamine-N. 
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LXXIV. INTERACTION OF VITAMIN D AND 
DIETARY FACTORS IN THE HEALING 
OF RICKETS IN RATS. 

By HILDA MARGARET BRUCE and ROBERT KENNETH CALLOW 
From the N ational Institute for Medical Research, London. 

(Received February 23rd, 1934.) 

Rickets produced in rate by a high calcium-low phosphorus diet may be healed 
either by the administration of vitamin D or by the addition of a source of 
phosphorus to the diet. The estimation of the influence of small additions of 
sources of phosphorus or of other related changes in composition of the diet has 
however, received much less attention than the relation between the decree of 
cahng and the dose of vitamin D. It is of considerable practical importance to 
find some means of expressing the antirachitic effect of such dietary factors both 
alone and in conjunction with vitamin D, more especially in those cases where a 
measure is to be made of the vitamin D content of foodstuffs containing 
phosphorus compounds From the theoretical point of view, the discovery of 

some ligIlfc on the synergism of 

The exact form of the effect of added phosphorus compounds on the healino- 
produced by vitamin D may be complicated. However, two simple alternativf 
approximations suggest themselves. The antirachitic activity might be adStive 
t.e. equivalent to that of an additional dose of vitamin D, or it might be multinli’ 
cative, z.e multiplying the effect of doses of vitamin D actuafly admhfistered 

froml 1 d f to^l 1932 f °T d that , by changin S the ratio of calcium to phosphorus 
original diet. Again, Lecoq and ViUette FI cm 91 , 
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the curve relating dose to healing effect must be S-shaped, the central portion is 
approximately logarithmic. Thus for a considerable range of dose the degree of 
healing is proportional to the logarithm of the dose. This relation has been 
found for radiographic measurements of healing by Everse and Van Niekerk 
[1931] and by Bourdillon et al. [1931], for the line test by R. S. Morgan [1932], 
for growth response by Coward et al. [1932], and also for measurements by the 
prophylactic method using AjR ratios [Hume et al, 1932] or a radiographic 
scale [Bourdillon and Brace, 1932]. In the case of the radiographic scale used 
by Bourdillon et al. [1931], this relation is expressed by the equation 

]nnf n i)logi»2 

JU 61 Q -^2 1O 810 2 5 

where % and n 2 are the scale numbers of litter-mates which have received doses 
D ± and D 2 . With a homogeneous stock of rats kept under uniform conditions, 
the effect of animal variation is reduced to a minimum, and the mean degree of 
healing, n , in a group of rats will be fairly closely proportional to the logarithm 
of the dose, log D. The graphical relation between n and log D in an ideal ease 
will be a straight line, e.g. (a) in Fig. 1. 


/ 


i// / 

d*/ 






/ 






Dose (international units) 


Values for 0*1^5 
zero dose 


Fig. 1. Comparison of experimental and theoretical relations between log dose and healing. 
Lines joining experimental points. 

Ideal line for diet R.R. ( a ), and lines calculated from this on multiplicative basis (ft and y). 

Curves calculated on additive basis ( b and c). 
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If, now, an alteration in the diet is equivalent to the addition of a dose of 
vitamin D, say d, the relation becomes 1 

wcclog (D + d), 

and the relation between the logarithm of the actual dose given and the scale 
number is no longer linear, cf. curves ( b ) and (c) in Pig. 1, which deviate con- 
siderably from the original line at low values of D, but approach it at high values 
If, however, an alteration in the diet has the effect of multiplying the dn^ 
by a factor <p, the relation becomes 

n cc log cj>D = log cf> + log D. 

The relation is still linear, but the line is shifted a distance along the n avi< 
corresponding to log <f>, and remains parallel with the line for the original diet as 
is shown m Fig. 1, curves and y. At higher doses there is a clear and increasing 
difference between the values given by additive and multiplicative constants 8 
corresponding to the increasing difference between the sum of these two constants 
and their product. The curves b and c in Fig. 1 show that a constant addition to 
the actual dose given has a varying effect with different doses, whilst the lines 
p and y m Fig. 1 show that multiplication of the dose by a constant factor pro- 
duces a constant addition to the effect, increasing the healing by the same number 

of degrees on the scale with any dose. el 



- v n u 

Fig. 2. Relation between log dose and healing. Experimental data for five diets. 
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In the course of the investigation described in the next paper [Bruce and 
Callow, 1934] we had occasion to compare quantitatively the calcifying powers 
of diets containing either different cereals or different forms of phosphorus, and 
we had to settle the question of how these differences were to be expressed. 
In Fig. 2 is shown the result of plotting degree of healing against logarithm of the 
dose with five diets for which suitable data are available. The picture corre- 
sponds reasonably well with a series of parallel lines, and there is no resemblance 
whatever to a series of convergent curves such as would be required by additive 
Influences. Confirmation is afforded by Fig. 1 , in which data obtained for the 
two least rachitogenic dints (oatmeal and R . R . + N a 2 HP0 4 ) are plotted and 
compared with curves calculated on the basis of additive constants (b and c) or 
multiplicative factors (/3 and y) applied to the standard rachitogenic diet (E.E.). 
The evidence is decisively in favour of multiplicative factors for both diets. 


Experimental . 

Data. 

Full details of the technique and of the diets used are given in the next paper 
[Bruce and Callow, 1934-]. The data from 'which the graphs in Figs. 1 and 2 have 
been constructed are given in Table I. 


Table I. 


Description of diet 

K.R.. (routine rachitogenic diet: 20% maize, 
48% white flour, 32% basal mixture) 


Dose 

(International 

Units) 

Nil 

(0-25 

0*5 

1-0 

20 


Healing 
Mean radio- 
graphic 
scale no. 

0-9 

0*5 

3-76 

5-02 

6*9 


34% oatmeal (a mixture of equal parts of 
RJR. (above) and oatmeal diet ( cf . below)) 


Maize + Na 2 HP0 4 (68% maize, 32%, basal mix- 
ture, 246 g. Na 2 HP0 4 (anhydr.) per kg.) 


Nil 

0-125 

0-25 

0- 5 

1 - 0 
2-0 

Nil 

0-125 

0-25 

0- 5 

1 - 0 


0- 33 

1- 5 

2- 7 

3- 3 
5-9 
8-75 

0-5 

2-33 

2-5 

5-14 

7-22 


No. of rats 

4 
2 ) 

15 

45 

5 

3 

3 

3 

6 
5 

4 

4 

3 

7 

18 

11 


Oatmeal (68% oatmeal, 32% basal mixture) 


R.R. + Na 2 HP0 4 (R.R, (above) + 8 g. Na*HP0 4 
(anhydr.) per kg.) 


Nil 

0-125 

0-25 

0-5 

1*0 

(2-0 

Nil 

0-125 

0-25 

0-5 

1*0 


3-23 

2- 5 

3- 85 
5-19 
7-95 

11-0 

4*57 

5-79 

7-7 

9-38 

10-25 


58 

4 

17 

50 

17 

2 ) 

31 

19 

41 

13 

4 


Calculation of additive constants . 

A straight line is drawn through the points for diet R.R. In Fig. 1. The doses, 
as given by this line, corresponding to the scale numbers given by rats on oatmeal 
diet and on R.R. + Na 2 HP0 4 diet with no administered dose, determine the values 
of d for these diets. The values are d = 0 - 51 unit for the oatmeal diet, and 
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fr°‘ S f " ni t f0 \ the R R - +Na 2 HP0 4 diet. The theoretical curves (b) and ( e ) are 
then pfotted, substituting, at values of the logarithm of the actual dose values 
foi the scale number corresponding to an assumed dose, (D + d). ’ 

Calculation of multiplicative constants. 

The values of the multiplicative factor are derived from a series of com 
pansons of htter mates on diet R.R. and the other two diets, which is described 
m detail in the paper following this. The relation for the radiographic scale, viz. 

" l°&o -®i = 


Io gioA 


) log 10 2 


becomes A/®i = antilog [(« 2 -%) x 0-1505]. 

In the case of two diets A and B, the value of DJD 1 which is found is an 
apparent dose ratio,” a /a B . If the ratio of the doses actually administered is 
®a/®b 9 tiien til© apparent dose ratio is given by 

/ d\ 

«b~a9bX^ 3 

where ,^ E is the multiplicative factor for diet A with respect to diet B, and 

A ^ B ~Op X <F ' 

WA 

mew a t0 numbm of A 1 " 6 I* 1 " 6 fOT 5* f ° r the oatmeal diet, determined from the 
diet £1 8-35 comparisons, is 3-2, whilst for the R.R. + Na 2 HP0 4 

Summary and Conclusions 

a,e rioim ' ° s rs 

cri«i * ,trx. s for “ is helpfo1 
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LXXVo CEREALS AND RICKETS. THE ROLE OF 
INOSITOLHEXAPHGSPHORIC ACID. 

By HILDA MARGARET BRUCE and ROBERT KENNETH CALLOW. 

From the National Institute for Medical Research , London. 

{Received February 23rd, 1934.) 

As the result of a long series of investigations, E. Mellanbv [1921; 1922; 1924; 
1925; 1926; 1930; 1931 ; cf . Green and Mellanby, 1928] and M. Mellanby [1929] 
have demonstrated that certain cereals contain an anticalcifying factor having 
the effect of producing or intensifying rickets in dogs or rats and of retarding 
calcification of the teeth in dogs. Oatmeal, for instance, was found to have a 
marked anticalcifying effect in comparison with white flour or rice when the diet 
contained a large proportion of cereal. M. Mellanby [1929] summarised the 
evidence as to the nature of this factor as follows: “It has been impossible to. 
obtain evidence to show that the anticalcifying action of cereals on the teeth is 
due to any known constituent. Neither the fat, carbohydrate, calcium and 
phosphorus (absolute and relative amounts) nor the acid-base ratio of the 
mineral constituent explains this action of cereals. There is some evidence that 
it is associated with protein and liberated from it by proteolytic digestion.” 

Certain points with regard to these investigations should be noted. The great 
majority of the experiments were carried out with dogs, which, unlike rats, have 
a low natural ability to make use of dietary calcium and phosphorus in the 
absence of vitamin D. It is possible, however, to assume that, with a low level of 
vitamin D, the Ca/P ratio will have a similar effect in controlling absorption of 
these elements in dogs and rats. Further, since the effect of adding calcium 
carbonate was to improve calcification, though only slightly, it seems justifiable 
to regard the diets as being deficient in calcium. The Ca/P ratio of the cereal has 
however been over- emphasised in relation to that of the diet as a whole. The 
cereals used all have calcium contents which are small in comparison with those 
of the other constituents of the diet, but the phosphorus contents are con- 
siderable. Using the figures given by E. and M. Mellanby, it will be found that a 
diet containing oatmeal (P, 0-392 %) will have a lower Ca/P ratio than a diet 
containing rice (P, 0-096 %), although the cereals alone have Ca/P ratios of 
1 : 5-7 and 1 : 10*7, respectively. 

Steenbock et al. [1930] compared the calcifying powers of diets containing 
different cereals with supplements of calcium carbonate and phosphoric acid, 
using the percentages of ash in the femurs of rats as the basis of comparison. 
With 1, 2 or 3 % of calcium carbonate in the diet, the calcifying power was in 
the order : whole wheat > rolled oats > yellow maize, which was the same order 
as that of the phosphorus contents. Without calcium carbonate, whole wheat 
showed slightly less calcifying power than the other two cereals. When the 
phosphorus content was equalised by addition of phosphoric acid, the order of 
calcifying power of the diets was practically reversed, although the differences 
were smaller. They say, “Equalisation of the phosphorus content of the cereal 
rations did not make them equally effective in bone formation, but it did make 
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the corn (maize) more effective with its CaC0 8 supplement. It must however he 
considered that inorganic phosphorus added as phosphoric acid may not be 
equivalent in physiological properties to the organic phosphorus compounds in 
tiie cereals. Our experiments certainly demonstrate the fact that inequality of 
phosphorus intake is not the sole reason for the difference in calcifying action of 
the various cereals.” & 1 

Fine [1930] also confirmed the existence of differences in the calcifying 
properties of cereals, but was inclined to ascribe such differences to variations iii 
factor 01 D COntent ratber than t0 variations in content of an anticalcifying 

Quite recently Gyorgy et al. [1933] concluded that the existence of a rachito 



- o- — ^-xviuniuv jui iMiuuiy uiau maize m^a 
was most, highly rachitogenic. They also confirmed the reduction of the rachito 
genic effect by treatment with acid, but showed that the high proportion of 
sodium chloride resulting from subsequent neutralisation was alone capable of 
exerting a slight antirachitic effect. 1 ' 1 

It seemed to us that the influence of absolute and relative amounts of calcium 
and phosphorus on calcification was worthy of further study. Although there 
were no grounds for supposing that the elusive anticalcifving factor wasmitirelv 
a matter of calcium and phosphorus content, a quantitative analysis of the 
ceieal effect from that point of view was a necessary preliminary' to further 
mvestigatiom The suggestion of Steenboek a al. that the phosphorus compounds 
of cereals differed m their biological availability, might; moreover, contain an 
important clue to the solution of the problem, and attention should be paid to 
the nature of the phosphorus compounds. ^ 

The fact that in the work of Steenboek et al. the cereal with the hidiest 

tentTofBiVdiS 1 ? tLe l0We r e f eifying power when the phosphonufeon- 
fnrm nf p ^ 1 ? d been ecjriaLsed strongly suggests that cereals contain a 

doeT hi than ph ° Spll0rie acicL Independent evidence 

does, in tact, exist that this is the case. 

The mineral components of a diet are too frequently expressed as a tnt-,1 

p.rcmt.g, only, with little or no reference to the’aet.S fomTwhTeh there 

7£?' ** “'If 8 r re] “ tiVdy " PWWee tat tZ 

thn\ /0 = rf is present m the form of inositolphosphoric acids, “phvtin- 
phosphorus [for hterature, cf. Koehler, 1926], and it is a debatable question 
^phosphorus in this form is absorbed at all from the digestive tract ‘ The 
eluded fro e rt Ure 18 review + ed by Sehaumann [1910], Starkenstein [ 1910 ] con- 
XTZiZZT St r i0 ^ a T ganiC phoS P hates in human urine that 
absorbed TichS rT °f 7 ad f linistered inositolhexaphosphate was 
intestine Phmmfr noS ***< bdng hydrolysed b J bacteria in the 

chffiisS onlv sTowlvS \ ] d T° nStrated that inositolhexaphosphoric acid 
hydrolysed by SjJt? V par + cll f ent membranes, and that the acid was not 

ZSS2f£ggS£ “ *2 «**“ 

.. re f ards . the availability of phytin-phosphorus in rickets, the evidence in 

pSnwerr^S tin§ ' [1922] dem <mstrated that supplements of 

Pappenhdme^ dS m S ^ , fr ° m rickets when add ^ to Sherman- 

ppenneimer s diet No. 84. More recently there has been a controversy about 

e antirachitic activity of “Vitaphos,” a preparation of calcium magnesium 
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inositofliexaphosphate. Yon Wendt [1930] claimed that “ Yitaphos” contained a 
form of vitamin D which was not toxic in excessive doses. Yonder Miihll [1931] 
contested this and demonstrated that the curative effect on rickets in rats "could 
be explained as a result of the addition of phosphorus compounds. A more 
detailed investigation was recorded by Bleyer and Fischler [1931, 1, 2], who 
claimed that c "Vitaphos” restored the composition of rats’ bones to normal when 
added to McCollum’s diet No. 3143 in the proportion of from 3 to 7 %. Their 
experiments are however open to several objections. 

In the present communication there is described an investigation of the 
differences in calcifying power between cereals and of the availability of phytin- 
phosphorus, using the method of measuring the calcifying powers of diets which 
has been described in the preceding paper. 

The series of diets compared were all of the high calcium-low phosphorus 
type, made up from 32 parts of a basal mixture and 68 parts of cereal. In certain 
cases a source of phosphorus was added. All contained 2 % of calcium. One diet, 
the "routine rachitogenic diet,” had a moan Ca/P ratio of 10-3/1; the others 
had a mean Ca/P ratio of 5*5/1. In this way a comparison has been made of the 
effects due to the addition to rachitogenic diets of phosphorus in various forms, 

(a) as a component of the cereal itself, 

(b) as disodium hydrogen phosphate, and 

(c) as sodium or calcium magnesium inositolhexapliosphates. 

Further, the effects on oatmeal of cooking and of treatment with dilute acid have 
been investigated. 

It has not been found possible to apply the same method to diets of the low 
calcium-high phosphorus type, but we have included here an account of some 
preliminary qualitative comparisons of such diets. 

Experimental. 

Analytical methods . 

The determinations of calcium and phosphorus in dietary constituents and 
in diets were made by Neumann’s method as described by Aron [1912]. Air-dry 
samples were taken, as variation in the content of moisture affects the absolute 
figures only slightly, without altering the relative proportions of calcium and 
phosphorus found. 

Phytin-phosphorus (as inositolhexaphosphoric acid) was determined by the 
method of Heubner and Stadler [1914], with certain of the modifications 
introduced by Andrews and Bailey [1932]. 

Diets and materials. The “basal” portion of the diets was composed of: 


Wheat gluten 20 

Meat powder 6 

Calcium carbonate 5 

Sodium chloride 1 


32 

The components were drawn from the same stocks throughout the investigation. 
In the “routine rachitogenic diet” (R.R.), and in some of the other experimental 
diets, the “ cereal” portion consisted of a mixture of yellow maize meal (20 parts) 
and white flour (48 parts) ; in other diets it consisted of oatmeal or of maize. 

The following values were found for certain of the constituents. 

Meat powder, Ca, 0-045%; P, 0*75%. Wheat gluten, P, 0-148%. Maize meal, Ca, 0*04%; 
P, 0*37 % (P soluble in HC1, 0*35 % ; phytin-P, 0-34 %,* phytin, as C 6 H 18 0 24 P G , 1*2 % .) White flour, 
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Ca^O-018% ; P, 0*078% (P soluble in HC1, 0*026%; phytin-P, 0*014%; phytin, as C 6 H 18 0» 4 P , 
0*05 %). The oatmeal was “Ingles Midlothian Scotch, fine,” and contained Ca, 0*06 % * P 0*406 
(P soluble in HC1, 0*35%; phytin-P, 0*32%; phytin, as C 6 H 18 0 24 P 8 , 1*1%). Disodium hydrogen 
phosphate was used as the anhydrous salt, dried at 120° and ground to pass 80 mesh. The calcium 



1 osternak [1921], recrystallised from water, dried partially in vacuo and ground to pass 80 mesh 
(Pound: P, 19*2%; phytin-P, 18*5%: inorganic P, 0*7%./ The mixing of small amounts of these 
addenda with the diets was carried out in batches of 2-4 kg. in a large ball mill for a period of 
2*5-3 hours. 

We have met with some difficulty in reproducing the exact composition of a 
diet as regards the total calcium and phosphorus content when the diets have 
been mixed in bulk. For this reason, where it was necessary to make up more 
than one batch of any given diet, each batch has been analysed separately. Thus 
1 16 figures given represent the actual diets which were employed in feeding. 

Biological methods. 

The practical details of the rat tests were essentially as described by 
-Boiirdillon et al. [1931]. Rats weaned at approximately 4 weeks of age (50 o* 
weight) were put on the R.R. diet for 2 weeks, and then the knee-j obits were 
radiographed under anaesthesia to confirm the satisfactory development of 
rickets. The rats in each litter were then sorted into pairs comparable in weight 
and sex, as far as was possible, and transferred to the diets to be tested, the two 
members of a pan- being put on different diets. Daily doses of a standardised 
solution of irradiated ergosterol in olive oil were given in most cases. In general 
it was arranged that the two members of a pair should have either equal doses or 
doses which, taking into consideration the differences between the two diets 
would produce comparable degrees of healing. 12 closes were given in 14 days’. 
At the end of 14 days of this regime, the rats were killed by coal-gas and the 
knee-joints again radiographed. The degree of healing in each case was then 
estimated by comparison with the standard scale. 

The general theory of the method used, and its relationship to the method of 
estimation of vitamin D by radiography has been discussed in the preceding 

' Pf UC r and C ? ll0W ’ ! 934] ' For a P ai1 ' ^ rats on different diets, A and B, 
mg healing scale numbers n, and n 1 , the apparent dose ratio is given by: 

antilog [{no — iij) x 0-1505]. 

iS fr f' lltipIica , tive facfcor for diet A with respect to diet B, i.e. the in- 
thZZr! C f i A apparent magnitude of a dose of vitamin D, 

for d “ B ' ” d * “ ti0 of * he 


and 


(l A j 

i _a.\ 
:V9B — 


4 

Ck' 

ck 

— x~. 
d\ 


Comparison of high calcium-low phosphorus diets . 

mJtrete nTP° “ f 6 P r ° toc f are S iven in full in one case, in order to 

f orm 0 ca eu a f I0n .- hut in the other cases only in summary 
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(i) Comparison of maize + white flow mixture with oatmeal . Diet R.R. (Ca, 1*97° ; P, 0-227° ; 
Ca/P = 8*7) was compared with diet No. 10 (Ga, 2-0%; P, 0-406%; Ca/P = 4*9),°in which, the 
cereal portion consisted entirely of oatmeal. 

M In the first experiment, with two litters divided into 8 pairs, the doses of vitamin D in 
International Units, and the degrees of healing obtained were as given in Table I. 


Litter No. 
384 


1776 


Table I. 


Diet No. 10 Diet R.R, 

A , 


Dose (In- 
ternational 

-A. 

Healing. 

Dose. (In- 
ternational 

Healing. 

Difference 
in healing. 
(No. 10 - R.R.) 

Units) 

(Scale Units) 

Units) 

(Scale Units) 

A 

Nil 

2 

Nil 

1 

1 

0-5 

4-5 

0-5 

1-5 

3 

I 

10 

1 

5 

5 

2 

11 

2 

4 

7 

Nil 

I 

Nil 

0 

i 

0-5 

9 

0*5 

4-5 

4-5 

1 

10-5 

1 

7 

3*5 

2 

11 

O 

6 

5 


The mean difference in degrees of healing between rats receiving equal doses of vitamin D on 
diets No. 10 and R.R. was 3-75, and, from this: 

Apparent dose ratio aio/aR.R. = antilog (A x 0-1505) = 3*7. 

Since the actual dose ratio, ^io/^r.r. ? is unity, this apparent dose ratio is equal to , the 

ratio of the antirachitic potencies of diets No. 10 and R.R. 

( 6 ) In the second experiment (Table II) two litters were divided into 5 pairs in which the dose 
ratio dio/duM. was 1:4. 


Table II. 

Diet No. 10 Diet R.R. 



Dose. (In- 
ternational 

A * 

Healing. 

Dose. (In- 
ternational 



Healing. 

Difference 
in healing. 
(No. 10 -R.R.) 

Litter No. 

Units) 

(Scale Units) 

Units) 

(Scale Units) 

A 

405 

0*125 

2 

0-5 

3 

-1 


0-25 

5 

1 

6 

-1 


0-5 

5-5 

2 

6-5 

-1 

1822 

0-125 

1 

0-5 

4-5 

-3-5 


0-25 

5 

1 

6 

-1 



Mean value of A= - 1*5. 




io^r.r. = x — — =7 x antilog ( - 1-5 x 0-1505) =2*4. 

^10 ®R.R, I 

The mean value of 10 <£r.i». is 3-2. 

(ii) Addition of calcium magnesium inositolhexaphosphate to maize -f white flour mixture . 
(a) Diet R.R. (Ca, 1-98%; P, 0*195%; Ca/P = ll-5): 8 rats, dose 1 unit; 2 rats, dose 0-5 unit. 

Diet No. 18 was made up wfith the same cereal and base, except that the calcium carbonate 
was reduced from 5 % to 4-77 %, and calcium magnesium inositolhexaphosphate was added in the 
proportion of 27*6 g. to 2993 g. of diet. (Ca, 1-93%; P, 0-364%; Ca/P = 5-3) : 10 rats, dose 0*5 unit. 
8 pairs, £Z a /cZb= 0-5, mean A = - 1-75, is^r.r. = 1*09. 

2 pairs, d A /d R ~ 1 , mean A= -f 0-75, — 1*30. 

i 8 ^R.R. (mean, 10 pairs) = 1*13. 

(b) Diet R.R. (Ga, 1-90; P, 0*203%; Ca/P = 9*4): 12 rats, dose 1 unit. 

Diet No. 24 (equivalent to No. 18) (Ca, 1-94%; P, 0-348%; Ca/P = 5-6) : 10 rats, dose, 1 unit. 
10 pairs, d A /du = 1 , mean A =0-81, o 4 </>r.r. — P32. 

For 20 pairs the mean factor for the phytin diet is 1-23. 
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(iii) Addition of disodium hydrogen phosphate to maizes white flour mixture . (a) Diet R.R. / as 
above): 2 rats, dose 0*5 unit; 2 rats, dose 1 unit; 1 rat, dose 2 units. 

Diet No. 15, consisting of diet R.R. with the addition of 8-11 g. of Na 2 HP0 4 an by dr. per kc 
(Ca, 1*90%; P, 0*392%; Ca/P=4*9) : 2 rats, dose 0*125 unit; 2 rats, dose 0*25 unit; 1 rat, dose 
° 5 Unit> 5 pairs, d A fd }i =0'25, mean A = 0*80, 15 f> lUL =5*27. 

(b) Diet R.R, (Ca, 1*98%; P, 0*195%; Ca/P = 10*2) : 7 rats, dose 1 unit. 

Diet No. 19 (as No. 15, above) (Ca, 1*98%; P, 0*368%; Ca/P = 5*4) : 7 rats, dose 0*25 unit, 

7 pairs, d A /d B = 0*25, mean A = 2*36, 19 ^ K . R . =9*06. 

(c) Diet R.R. (Ca, 1*74%; P, 0*186%; Ca/'P = 9*4) : 6 rats, dose 1 unit. 

< Biet No ‘ 21 ( as ^os. 15 and 19, above) (Ca, 1*91%; P, 0*359%; Ca/P = 5*3) : 6 rats, dose 
0 2o unit, 6 pairs, d A jd B = 0*25, mean A = 2*67, 2 x^r.r. - 10*08. 

Mean, for all groups, 18 pairs, po^r.r. = 8*35. 

. ( iy ) Comparison of calcium magnesium mositolhexapkosphate with disodium hydrogen phosphate . 
Diet No. 18, containing added calcium magnesium inositolhexapbospbate, cf. (ii, a), above : 12 rats * 
dose 0*5 unit. * ' ’ 

Diet No. 19, containing added Na 2 HP0 4 , cf. (iii, 6), above : 12 rats, dose 0*25 unit, 

12 pairs, d A /d B =2, mean A = 3*5, 18 <£ l9 = 0*15. 

(v) Comparison of sodium mositolhexapkosphate with disodium hydrogen phosphate. Diet 
No. 48 consisting of diet, R.R. with the addition of 14 g. of dry sodium inositolhexaphosphate per k«'. 
(Ga, 2*06%; P, 0*420%; Ca/P=4*9) : 4 rats, dose nil; 6 rats, dose 0*25 unit; 6 rats, dose 0*5 unit 

Diet No. 49, consisting of diet R.R. with the addition of 11 g. of anhydrous Na 2 HP0 4 per ko\ 
(Ga, 2*12%; P, 0*418%; Ca/P = 5*l) : 4 rats, dose nil; 6 rats, dose 0*125 unit; 6 rats, dose 0*25 unit. 

4 pairs, dose nil, mean A = -4*25, 48 ^ 4fl =0*23. 

12 pah’s, dU/dp. = 2, mean A= -2*29, 48 ^ 49 = 0*23. 

Mean, for 16 pairs, 48 $ 19 =0*23. 

(vi) Comparison of oatmeal with maize + white flour mixture containing added disodium hydrogen 
phosphate, (a) Diet No. 13, consisting of diet R.R. with the addition of 8-66 g. of anhydrous 
Na 2 HP0 4 per kg. (Ca, 2-00%; P, 0433%; Ca/P=4-6) : 6 rats, dose nil. 

Diet No. 10, containing oatmeal, cf. (i, a), abore : 6 rats, dose nil. 

6 pairs, dose nil, mean A =2-92, 13 cf> 10 =2-73. 

(6) Diet No. 15, cf. (iii, a) : 2 rats, dose nil; 2 rats, dose 0-125 unit; 2 rats, dose 0-25 unit- 
2 rats, dose 0*5 unit. 

Diet No. 10 : 2 rats, dose nil; 2 rats, dose 0*125 unit; 2 rats, dose 0*25 unit; 2 rats, dose 0*5 unit. 

8 pairs, d A /d B = 1, mean A =2*5, 15 <^ 10 =2*38. 

(c) Diet No. 21, cf. (iii, c) : 4 rats, dose 0-25 unit; 6 rats, dose 0-5 unit; 4 rats, close 1 unit 
Diet No. 20 (as No. 10) (Ca, 1-97%; P, 0-377%; Ca/P= 5-2) : 4 rats, dose 0-25 unit; 6 rats, dose 

0*o unit; 4 rats, dose 1 unit. 

14 pairs, d A /d b = 1, mean A = 3-89, 21 0„ o = 3-85. 

Mean, for all groups, 28 pairs, pq^oatmeal = 3-2. 

(d) A repetition ot (c), but with each diet cooked by stirring into four parts of boiling water 
and beating for balf an hour. 

Diet No. 21 c (phosphate) : 4 rats, dose 0-125 unit; 4 rats, dose 0-25 unit; 4 rats, dose 0-5 unit. 
Diet No. 20 c (oatmeal) : 4 rats, dose 0-25 unit; 4 rats, dose 0-5 unit; 4 rats, dose 1 unit. 

12 pairs d A /d E =0-o, mean A=2-04, 210^200 =4-06. 

(ru) Comparison of oatmeal with maize + white flour mixture containing added sodium inositol - 
lutxaphosphate. Diet No. 28, consisting of diet R.R. with the addition of 8-5 g. of dry sodium 
inositolhexaphosphate per kg. (Ca, 1-90%, P, 0-362%; Ca/P=5-2) ; 15 rats, dose 0-5 unit. 

Diet No. 20, containing oatmeal, cf. (vi, c), above : 15 rats, dose 0-5 unit. 

15 pairs, d A /d B = 1, mean A= - 0*50, 38 <£ 20 =0*84. 
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(viii) Comparison of oatmeal with maize. Diet No. 37, with maize as sole cereal (Ca, 2-00%- 
P, 0*353%; Ca/P = 5*7) : 6 rats, dose 0*5 unit. 

Diet No. 38, with oatmeal as sole cereal (Ca, 2-07 % ; P, 0-379% ; Ca/P = 5-5) : 6 rats, dose 0-5 unit. 

6 pairs, djJd B = l, mean A = -2-83, 37 <£ 38 =0*38. 

(ix) Comparison of oatmeal with maize and added disodium hydrogen phosphate. Diet No. 39, 
with maize as the sole cereal and 2*46 g. of anhydrous Na 2 HP0 4 added per kg. (Ca, 2*16%* 

P, 0*365%; Ca/P = 5*9) : 13 rats, dose 0*5 unit; 7 rats, dose 1 unit. 

Diet No. 40, with oatmeal as sole cereal (Ca, 2*11%; P, 0*365%; Ca/P = 5*8):13 rats, dose 
0*5 unit; 7 rats, dose 1 unit. 

20 pairs, d A /d B = 1, mean A =0*20, 39 <£ 40 = l-07. 

(x) Comparison of cooked , acid-treated and raw oatmeal. Diet No. 42 was prepared by boiliim 
4080 g. of oatmeal for four hours with a mixture of 23 litres of water and 1 litre of concentrated 
hydrochloric acid. After 1*5 hours the product' no longer gave a blue colour with iodine. It was 
then neutralised with anhydrous sodium carbonate (548 g.), the basal mixture (1920 g.) was stirred 
in, and cooking continued for a further hour. The moisture content of the product was 66%, and 
analysis, calculated on the oven-dried diet, gave: Ca, 2*25%; P, 0*364%, Ca/P = 6*2* phytin as 
CjH 1s 0 24 P c , about 0*007%. 

Diet No. 41 was prepared by boiling 4080 g. of oatmeal for 4 hours with 24 litres of water then 
stirring in the basal mixture and an additional 390 g. of NaCl, and cooking for a further hour. The 
moisture content of the product was 70%, and analysis, calculated on the oven-dried diet gave: 
Ca, 2*19%; P, 0*364%; Ca/P = 6*0; phytin, as C 8 H 1S 0 24 P 6 , 0*64%. 

Diet No. 43 was the usual dry mixture, with oatmeal as the sole cereal, but with an additional 
56*7 g. of NaCl per kg. (Ca, 1*96%; P, 0*324%; Ca/P = 6*l; phytin, as C 6 H 18 0 24 P 6 , 0*66%). 

A simultaneous comparison was made on triads of litter-mates, without doses, with 21 rats 
on diet No. 41, 21 rats on diet No. 42, and 20 rats on diet No. 43. 

Diets Nos. 41 and 42, mean A = 3*46, 4a <£ 41 = 3*66. 

Diets Nos. 42 and 43, mean A = 3*32, 42 0 13 =3*32. 

Diets Nos. 41 and 43, mean A=0*2S, 41 c£ 43 =0*91. 

Comparison of low calcium-high phosphorus diets. 

The results obtained from the feeding of low calcium-high phosphorus diets 
have not been very satisfactory. It was first attempted to produce rickets, 
suitable for radiographic comparison, either by diets which consisted essentially 
of those described above, but with the omission of calcium carbonate and with 
added phosphorus compounds. Only a mild type of rickets was obtained, and 
the radiographic pictures more nearly resembled those found in prophylactic 
tests. It was found difficult to secure satisfactory growth on low calcium diets, 
and a slight tendency towards spontaneous healing was often found from the 
third week onwards. Three classes of diet were employed, one containing oat- 
meal and the other two containing maize + white flour mixture with the addi- 
tion of sodium inositolhexaphosphate or sodium phosphate to bring the total 
phosphorus content up to the same level. Such slight differences as were observed 
in the rickets resulting after 14-28 days on these diets indicated that the rachito- 
genic power of the oatmeal diet" was slightly less than that of the other two diets, 
but differences were so small and variable that no real significance could be 
attached to the result. Using the type of diet described by Green and Melianby 
[1928] we were again only able to produce a mild type of rickets in spite of 
improved growth, but could not detect a difference between the effect of oatmeal 
and of maize-white flour mixture. 

In another experiment the A/E ratio was used as a measure of calcification. 
Rats weaned at about 4 weeks old were fed one of three diets containing in 
common the basal mixture : wheat gluten, 20 parts ; meat powder, 6 parts ; dried 
liver, 3 parts; sodium chloride, 1 part; No. 44 contained oatmeal (70 parts), 
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No. 45 contained white flour (70 parts), and sodium inositolhexaphosphate 
(1-3 parts), and No. 46 contained white flour (70 parts) and disodium hydrogen 
phosphate (1-1 parts). The phosphorus contents were practically equal, viz. 0-38 
0-36 and 0-38 % , respectively. Rats on each of the diets were killed at intervals 
oi a week, from 4 to 8 weeks after the beginning of the experiment. In Table III 
are shown the time interval, number of rats killed, and average AjR value. 

Table III. Values of A/R (no. of rats in parentheses). 

Time (weeks) 4 5 6 7 g 

Diet No. 44 (oatmeal) 0-374(1) 0-433 (2) 0-374(2) 0-347 (2) 0-391 ^ 

Diet No. 45 (inositol- 0-545 (1) 0*384 (2) 0-361 (2) 0-428 (2) 0-495 (2) 

hexa, phosphate) ' ' 

Diet No. 46 (phosphate) 0-472(1) 0-468 (2) 0-458 (2) 0-545 (3) 0-502 in 


0-391 (2) 
0-495 (2) 


Diet No. 46 (phosphate) 0-472(1) 0-468 (2) 0-458 (2) 0-545 (3) 0-502 (1) 

It will be seen that the rats on the phosphate diet, after the fourth week, have a 
consistently higher value of A/R than the rats on the inositolhexaphosphate 
diet. The rats on the oatmeal diet have a value of A/R which is generally below 
the value for the rats on the other diets ; this is largely to be accounted for by 
the fact that the rate of growth was very much higher for these rats than for 
those on either the phosphate or inositolhexaphosphate diets, and an assessment 
of the anticalcifying power of the oatmeal diet relative to the other two is not 
possible. In the two latter cases the rates of growth fell oil after the third week. 
With all three diets the growth was unsatisfactory after the sixth week, and an 
increase in the AjR ratio occurred. 

Discussion. 

Results with high calcium diets. 

The results of the direct comparisons of high calcium diets (i) with diet R.R. , 
(ii) with diet R.R. containing added phosphate and (iii) with the oatmeal diet 
are summarised in Table IV, in which the diets in the first column are arranged 
in order of decreasing antirachitic potency. 


0-458 (2) 0-545 (3) 0-502 (1) 


nr , . ^ d; XLit. uiet jls; oat- 

Charactenstic of Diet A (mean) Diet B; R.R. +Na 2 HP0 4 meal 

Acid-treated oatmeal 6-2 o o 

R.R. +Na 2 HP0 4 5-2 8-35 (1) ti 

Maize + Na.HP0 4 5-4 _ ? 7 

Oatmea 1 5-4 3 -2 0 -32 ’ 

Cooked oatmeal 5.9 O-Ql 

R.R. + Na inositolhexaphosphate 5-1 <3.93 0 84 

Maize 5-7 — _1 0 . 38 

R.R. + Ca Mg inositolhexaphosphate 5-4 1-2 0-15 

R - R - W-3 (1) 0-16 0-32 

. Considering first the diets which have been directly compared with diet R.R., 
it is seen that the addition of calcium magnesium inositolhexaphosphate causes 
quite a small increase in the antirachitic potency of the diet, whilst addition of 
disodium hydrogen phosphate to give the same content of phosphorus causes a 
very considerable increase. The oatmeal diet, again with the same total 
phosphorus content, is in an intermediate position. The comparisons with 
diet R.R. containing added phosphate confirm these relationships, but the diet 
with added calcium magnesium inositolhexaphosphate is here slightly less 
antirachitic than diet R.R., and it is evident that the effect of the addition in 
these amounts is negligible. Sodium inositolhexaphosphate, on the other hand, 
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appears to cause, a definite increase in antirachitic potency, but it should be 
noted that the specimen used contained a certain amount of inorganic phosphate. 

The oatmeal diet has been compared with five other diets containing the 
same proportion of cereal and of practically the same composition with respect 
to calcium and phosphorus. The value of <j> for acid-treated oatmeal diet is 3*3 
when compared with the untreated oatmeal diet. This might equally well be 
explained either by the assumption that the treatment has rendered the 
phosphorus more readily available, or by the assumption that treatment with 
acid has destroyed a raehitogenic factor of some other nature. In support of 
the first assumption are the facts that inositolphosphates were hydrolysed to 
phosphates by this treatment and that the availability of the phosphorus was 
consequently greatly increased. Moreover, the addition of phosphate to diet 
R.R. yields a diet of antirachitic potency practically equal to that of the acid- 
treated oatmeal diet with the same phosphorus content. 

Confirmation of this view is afforded by comparison of the oatmeal diet with 
two others which may be regarded as “ artificial oatmeal 5 ’ diets. In the first of 
these the cereal was maize, with nearly the same proportion of inositolhexa- 
phosphate but with less total phosphorus, and this was brought up to the same 
level as in oatmeal by the addition of disodium hydrogen phosphate. In the 
second diet the low phosphorus content of the maize -f white flour mixture 
(estimated at total P, 0*17 %; phytin-P, 011%; other P, 0*06 %) was raised 
by the addition of sufficient sodium inositolhexaphosphate (containing a little 
phosphate) to give a mixture (total P, 0*41 % ; phytin-P, 0-32 % ; other P, 
0*09 %) comparable with the oatmeal (total P, 0*41 %; phytin-P, 0-32 %; 
other P, 0*09 %). The values of </> for these two diets, relative to the oatmeal 
diet, are 1*1 and 0*84 respectively. They are in fact equal to that of the oatmeal 
diet within the limits of experimental error. It is therefore concluded that, 
under these conditions, the differences in antirachitic potency between oatmeal 
and either maize or a maize + white flour mixture (20 : 48) can be practically 
entirely accounted for by the differences in content of phosphorus in available 
forms and in the non-available form of inositolhexaphosphate. E. Mellanby 
[1930], referring to the cereal effect in rickets, said “a greater deficiency of 
calcium and phosphorus in the body can be brought about by diets which 
actually contain more of these substances, so that an analysis of mineral intake 
may be quite misleading as to the efficacy of a diet in adequately supplying these 
substances to the tissues. 55 The work now described in this paper is in fall 
accordance with this view, in that it has shown that in high calcium diets cereals 
are apparently more raehitogenic than other material of the same mineral 
composition, just because their phosphorus content is illusory — the diet is 
deficient in available phosphorus in spite of being rich in total phosphorus. 

Results with low calcium diets. 

It is to be regretted that the above experiments are necessarily confined to 
rats on a high calcium-low phosphorus type of diet, the only conditions under 
which methods of quantitative comparison of calcifying or anticalcifying action 
have been worked out. However, the results of the preliminary experiments 
with rats on low calcium-high phosphorus diets described in this paper, al- 
though by no means definitive, give an indication that inositolphosphoric acid 
has, under such conditions, an anticalcifying action comparable with that of 
phosphoric acid for the same amount of phosphorus. It is possible to assume 
that this action is the result of lowering the availability of the calcium by 
binding it as a calcium salt which is at least as insoluble as calcium phosphate. 
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Inositolhexaphosphoric acid forms a calcium salt which is sparingly soluble in 
•water, but exact data of its solubility relations are lacking. Under physiolorici 
conditions, the experiments of Starkenstein [1914] indicate that the toxicities 
of orthophosphates and inositolphosphates, which are attributed to their powers 
of precipitating calcium, are equal in solutions of equal normality (M% and 
M/12 respectively), when they are administered by mouth or subcutaneously 
but tha-t mositolhexaphosphate is three times as toxic as orthophosphate when 
injected intravenously. Starkenstein suggests that conversion of calcium into a 
non-ionised form is a factor in this toxic action. In low calcium diets there is 

r hU Aw addit ^, to tbe fa ? tor of the low availability of the phosphorus, this 
fact that inositolhexaphosphoric acid is a precipitant of calcium and tends to 
reduce the latter to a deficiency level. The exact extent of this tendency is not 
susceptible of measurement by the methods we have been able to employ but 
evidence from other sources shows conclusively that an effect of this kind exists. 

The ureal factor in calcification. 

M SJ? °l disCUSS further the experimental results of 

M Mellanby [1929]. The evidence presented with respect to the modifying 
influence of certain forms of treatment on cereals shows a remarkable parallelism 
with the known effect of similar treatment on inositolphosphates. The destruc- 
tion of the anticaleifying factor by boiling oatmeal with I % hydrochloric acid 
first demonstrated by Green and Mellanby [1928], and its relative stability to 
sodium hydroxide are comparable with the relative rates of hydrolysis of 
inositolphosphate by acid and alkali [Plimmer, 1913, 2]. The conclusion that 
the destruction of the anticalcifying factor during germination and malting may 

Sdw“uiir| 1S v ! t ! COrd f Ce ^ the known occurrence of phytase in malt 
[Adler, 1916], Further, the possibility of association of the anticaleifying factor 

with cereal proteins, indicated by digestion experiments on the proteins of 
oatmeal, recalls the combination of inositolphosphate with protein substances 

hlllfTT m byLindenbaum [1926; cf. Koehler, 1926; Mnich, 1931], 
It wouH be of interest to extend experimentally the correlation of anticaleifying 
properties with the relative proportions of mositolhexaphosphate and phosphate^ 
already demonstrated in this paper in the case of acid treatment of Oatmeal. ’ 

Vitamin D testing. 

The distinction between phytin-phosphorus and other phosphorus com- 
£°™ d - m cerealswitl1 aspect to availability in rachitogenic diets ^s of signifi- 
ance m connection with certain aspects of vitamin D testing. It has been a 

thrSveritv P of ricked thlS and °f er ^oratories that unexplained variations in 
SsnS Jreln m V by rachit °g en ic diet occur from time to time 

posSbte Ictoi in th 7 r C0nt, ' 0l 1 0f tbe diet ^ BourdiUon et al. 1931], One 
Lh n/n/ 1 ™ tlus variation may be variations in the proportions of phytin 

Moreover 'shicT nh vt m S . am ^ es °f “ aize similar total phosphorus content. 
Moreover, since phytase is present m the grain, the proportion of inor°-anic 

phosphate may increase on prolonged storage [cf. Mmkovska, 1926], 

N ervous degeneration. 

of untiZfcomno^” Y K MeUanb y to “^stances [in cereals] 

oi unknown composition which have harmful effects in the body and can be 

SEtxJiXf fi n°1 taminS " ^ 1930 J- Asw^as^tlS^g 

xamin, toxamms pioducmg nervous symptoms are believed to be present 
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in cereals. It seemed worth while investigating whether inosifcolhexaphosphoric 
acid, which in these experiments accounted for the anticalcifying toxamin, also 
played some part in the production of nervous degeneration. This idea was 
supported, during the course of this work, by the appearance of a paper by 
Stockman and Johnston [1933], in which they described the extraction from 
cereals of an acid material which produced symptoms of nervous degeneration 
in monkeys. It seemed likely, considering their methods, that the material 
contained inositolhexaphosphoric acid, and this led us to try the effect of sodium 
inositolhexaphosphate on monkeys. The results obtained have so far been 
negative and are given in summary form only. Three female Rhesus monkeys 
were used, weighing 2- 7-3-1 kg. They were kept under observation for a 
preliminary period of 3 months and were in good condition when the experiment 
was started. The monkeys were then dosed by stomach tube. One monkey, 
which served as control, was given a daily dose of 1 g. of sodium chloride in 
100 ml. of water. Doses of 5-10 g. of sodium inositolhexaphosphate in 100 ml 
of water daily given to the other two produced only severe diarrhoea and some- 
times vomiting. After 2 weeks, the dose was reduced to 1*25 g. and 1*5 g. in 
100 ml. daily. At this level no toxic symptoms were observed even after 
3 months. For the first 2 weeks of this period, normal diet was continued, after 
this the intake of calcium and of vitamin A was restricted, and the proportion of 
cereal (wheat, white maize and rice) was greatly increased. 

At no stage in the experiment was there any significant difference in be- 
haviour or growth between the control monkey and the experimental animals. 
It seems evident that sodium inositolhexaphosphate is not the primary cause of 
the nervous degeneration and other toxic effects observed by MellanTby and by 
Stockman and Johnston. 


Summary and conclusions. 

A method of quantitative comparison of the influence of different cereal 
diets of the high calcium-low phosphorus type has been applied to the com- 
parison of oatmeal, a maize -f- white flour mixture and maize. 

In the type of diet used, containing a great excess of calcium, the replacement 
of maize + white flour by oatmeal causes a slight healing of rickets. The con- 
comitant increase in phosphorus content might be assumed to account for this, 
but when the total phosphorus contents of the two diets are equalised by the 
addition of disodium hydrogen phosphate to the maize + white flour diet, the 
healing effect of the latter is considerably greater than that of the oatmeal diet. 

This can be accounted for by the fact that a large proportion of the phos- 
phorus present in oatmeal is actually in the form of inositolhexaphosphoric acid, 
which has been shown to be a poorly available form. 

After treatment with 1 % hydrochloric acid the oatmeal diet has an anti- 
rachitic potency equal to that of the maize 4- white flour + phosphate diet, and 
the hydrolysis of inositolhexaphosphoric acid which takes place in this process 
affords sufficient explanation of the increased potency. 

A series of quantitative comparisons has shown that the differences between 
oatmeal, maize -j- white flour, and maize can be completely accounted for by 
differences in the total phosphorus content and in the proportion of inositol- 
hexaphosphoric acid. 

In diets of high calcium content the apparent rachitogenic effect of cereals 
when compared with other material of the same phosphorus content is due to 
the fact that the cereal-phosphorus is not in an available form. 
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These experiments are, it should be emphasised, concerned only with hieh 
calcium-low phosphorus diets. Where defect in calcium is the factor limitine 
calcification, there are grounds for believing that excess of mositolhexaphosphoric 
acid will interfere with the absorption of calcium in the same way as excess of 
phosphoric acid. The same quantitative methods used with the hi»h calcium 
diets cannot be applied here, but preliminary experiments have shown that 
diets containing excess of phosphate or of phytate are about equal in anti 
calcifying power. 

The relative proportions of phytin-phosphorus and other phosphorus in 
cereals is of significance in diets used for vitamin D testing. 

Administration of sodium inositolhexaphosphate by mouth to monkeys 
produced no specific nervous symptoms. Thus it appears that this substance is 
not related to the toxamms of cereals which produce nervous degeneration 

A preliminary note on the subject of these investigations has been published 

previously [Bruce and Callow, 1932], 1 d 
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Thebe have been many references in the literature to the presence of enzymes, 
capable of synthesising and hydrolysing phosphoric esters, in mammalian tissues. 
Grosser and Hosier [1912] and Forrai [1923] described such an enzyme in the 
intestine. Robison [1923] described similar enzymes in the bone, kidney, liver, 
spleen and pancreas and in this and a subsequent communication [Robison and 
Soames, 1924] suggested a possible function for the enzyme occurring in the bone 
in relation to bone formation. This suggestion has received support, and much 
evidence, which has been clearly summarised by Kay [1931], has accumulated in 
its favour. 

Kay [1928, 1 ; 1931] has concluded that the phosphatases of the bone, kidney, 
intestinal mucosa and blood-plasma are identical, basing Ms claims upon the 
following evidence. 

1. The optimum hydrogen ion concentration for the phosphatases of the 
bone, kidney, intestinal mucosa and the blood-plasma is the same. Thus for 
each of these tissues, for primary esters of phosphoric acid it is 8*9 [Kay, 1926; 
1928, 1], for secondary esters it is 7*2-7*6 [Asakawa, 1929] and for pyrophosphoric 
acid it is 7*6 [Kay, 1928, 2]. 

2. All these enzymes hydrolyse /3-glycerophosphoric acid more rapidly than 
the corresponding a- compound [Kay and Lee, 1931]. 

3. The dissociation constant of the enzyme substrate complex, using sodium 
j8-glycerophosphate as substrate, is the same for all the enzymes under discussion 
[Michaelis and Menten, 1913, quoted by Kay, 1932]. 

4. Extracts of these tissues, i.e. bone, kidney and intestine, will synthesise 
phosphoric esters under identical conditions [Kay, 1926; Jenner and Kay, 1931 ; 
Roche, 1931]. 

5. Magnesium ions activate the phosphatases from these tissues under very 
similar conditions [Jenner and Kay, 1931]. 

Martland et al. [1924] reported the presence of a phosphatase in the red cells. 
Roche [1931], working in Robison’s laboratory, further substantiated this claim 
by separating the plasma and red cells of whole blood and comparing the 
phosphatase properties of the two fluids under strictly comparable conditions. 
He demonstrated differences in the properties. Thus the optimum hydrogen ion 
concentration for the phosphatase of the red cell was found to be p H 6*0 as 
compared with p H 8*9 for the enzyme of the plasma. Moreover the red cell- 
enzyme hydrolysed a-glycerophosphoric acid more rapidly than the corresponding 
/?- compound, while the plasma-enzyme hydrolysed the j3~ compound more rapidly. 

Robison and Soames [1924] described experiments upon the p H -activity of 
the bone, kidney, spleen, liver and pancreatic extracts. They interpreted their 
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results as evidence in favour of the hypothesis that the spleen, liver and pancreas 
contained a phosphatase different from that of the bone and kidney. 

In the present work this suggestion has been more fully investigated and 
evidence is adduced to suggest that the liver and spleen contain a phosphatase 
which possesses properties somewhat different from those of both the bone- and 
the red cell-enzyme. 

Technique. 

The tissues used in the following experiments were generally from sheep or 
bullocks and were obtained from the public slaughterhouse immediately upon the 
death of the animal and used without delay in the majority of cases." Wherever 
delay occurred the tissue was stored at 0° until ready for use. 

In the case of the dog tissue, I am indebted to Dr A. Hemingway of the 
Physiology Department, of the University College, Cardiff, for his generosity in 
supplying me with tissues from the animals which he was using for other experi- 
ments. These animals were killed under anaesthetic, and the tissues were ob- 
tained immediately. There was no pre-death treatment which might invalidate 
the results here reported. 

Extracts of tissue were prepared by a method similar to that of Kay [1928 11 
The tissue was minced and then ground up with sand and chloroform water ’ In 

•f-l-irf-i nnnA 4-K ^ .7 .1 1* _ i • . _ * 
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room temperature, the mixture was filtered through glass-wool and used without 
further purification. 

, ^ ie g en _ er &l method of the research consisted of buffering the extract with 
phthalate borate or glycine buffers to a suitable p K and then measuring the 
extent of hydroiysis of a- and /3-glyceropliosphorie acids at various «, T values and 
after heatmg at 37°. In order to control the p H more efficiently it was found 
necessary to use three glycerophosphate solutions, the p„ of which had been 
previously adjusted for use over small acid, neutral or alkaline ranges. Even 
under these . circumstances it was found that the buffer solutions did not ac- 
curately maintain solutions containing tissue extract at the nominal hydrogen 
ion concentration of the buffer used. Consequently it was always found necessary 
to carry out a Ph determination in conjunction with each phosphorus analysis • 
Pb. was measured by the capillator method. 

Inorganic phosphate was estimated by the method of King [1932], Further- 
more m view of the anomalies that glycerophosphate can cause in the determina- 
tion of inorganic phosphorus [Davies and Cule-Davies, 1932], both the amount 
o substrate used and the time taken for colour development were carefully 
controlled as suggested by these authors. 

The variations in the phosphatase activity of spleen and, liver extracts 
at various hydroge?i ion concentrations. 

Table I shows the variation in the extent of hydrolysis of sodium S-glycero- 
phosphate with extracts of spleen and liver at varying hydrogen ion concentra- 

1-0 S C nf tU ^ o/ 0nt£ !5 ned 5 o 0 f- of buffer solution ’ 1*0 ml. of tissue extract and 
Lr?hn„J»+ /%° SOd ?% glycerophosphate solution. The tubes were heated 
Jo/ 3 tben P roteuls were removed by the addition of 1-0 ml. of 

for anal 1 ' 06 * 10 aCld ' AliqUOt portions ofthe protein-free filtrate were taken 
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Table I. The variation in phosphatase activity of tissue extracts . 
under varying conditions of p pjr . 


mg. of P produced 


Ph 

1*0 ml. of 
spleen 
extract 

1*0 ml. of 
liver 
extract 

1*0 ml. of 
kidney 
extract 

2*0 ml. of 
plasma 

2*0 ml. of 
lysed red 
cells 

4*2 

0*280 

0*280 

0*115 





4*6 

0*346 

0*290 

0*115 

— 

0*110 

4*8 

— 

— 

0*115 

— 

— 

5*0 

0*346 

0*260 

— 

— 

0*122 

5*2 

0*190 

0*220 

0*110 

— 

— 

5*6 

0*126 

— 

— 

— 

0*147 

6*4 

— 

0*175 

— 

0*070 

0*206 

6*8 

— 

0*165 

0*090 

0*130 

0*110 

7*0 

0*046 

0*150 

— 

— 

0*125 

7*4 

— 

— 

— 

— 

0*125 

7*6 

0*046 

— 

0*258 

0*360 

— 

8*0 

— 

0*256 

. — 

0*580 

. — 

8*3 

0*126 

0*320 

0*381 

0*606 

— 

8*9 

0*250 

0*400 

0*461 

— 

— 

9*4 

0*260 

0*500 

0*474 

— 

— 

9-6 

0*230 

0*450 

— 

— 

— 


The. above figures are corrected for the amount of P initially present in the enzyme preparation. 
The zero hour controls were spleen, 0*360 mg.; liver, 0*240 mg.; kidney, 0*075 mg.; plasma, 
0*070 mg.; red cells, 0*052 mg. P per volume of tissue extract etc . indicated in the table. 

The plasma and lysed cells were heated at 37° for 20 hours. 

From p B 4*4 to 5*0 extracts of spleen show an increasing activity reaching a 
maximum about p H 4*8. At less acid reactions, the activity decreases fairly 
rapidly reaching an almost negligible value at p H values near neutrality. From 

7*6 an increase of activity occurs and the rate of increase is fairly rapid. A 
second maximum is reached at or near p H 9*0. 

Liver extracts exhibit the same phenomenon. The activity increases to a 
maximum about 4*7 and then decreases to a minimum at 7*0, finally 
reaching a maximum again at p K 9*0. 

For purposes of comparison and control, similar series of observations were 
carried out with kidney extracts and red cells. These results are incorporated in 
Table I. 

Kidney extract was prepared by the method of Kay [1926] in 5 % suspension. 
Plasma and cells were separated by centrifuging. The plasma was centrifuged a 
second time in order to ensure the removal of all traces of blood cells. The cells 
were washed three or four times with isotonic saline and then lysed with an equal 
quantity of distilled water. They were allowed to stand at room temperature for 
12 hours in order to facilitate hydrolysis of naturally occurring esters of 
phosphorus. 

Kidney extracts - showed only one optimum of activity and that at 9*0. 
Plasma exhibited phosphatase activity only on the alkaline side of neutrality. 
The red cell-enzyme, however, exhibited its maximum effect on the acid side of 
neutrality. These results confirm the findings of other workers [Kay, 1926; 1931 ; 
Asakawa, 1929; Koche, 1931]. 

These experiments demonstrate the fact that fiver and spleen extracts exhibit 
two optima of hydrogen ion concentration for phosphatase activity. One occur- 
ring at 9*0 and the other at 4*5 to 5*0. This property is characteristic of 
liver and spleen but not of kidney, plasma or red cells. 
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The relative activities of spleen extracts at the two optima of 
hydrogen ion concentration. 

The relative activities of spleen extracts at p H 5-0 and 8-8 are not constant 
either from animal to animal in the same species or from species to species 

^JLcLDI© 11). 

Table II. The relative activities of extracts of the spleen of 
various animals at p H 5-0 and p Jf S°8. 

Ratio = Active at 

Activity at p H 8-8 * 


Animal 

s' A. 

Bullock 

Calf 

Pig 

Dog 

h 

Lamb 

2-30 

1-00 

9*00 

2*00 

2-32 

2-80 

2-70 

4*00 

2-90 

2*09 

2-70 

4-50 

6*00 


1*48 

2*26 

0-80 

4-30 

3*20 



2-20 

1-40 

5*50 




1*50 

— 

1-40 

— 

— 

— 

— 

O fj\J 

3*80 



z 


The most consistent results were found with bullock, lamb and dog spleens 
The average value found for 6 bullocks’ spleens was 2-1, with maximum and 
““ vah f ® °i,f 8 aild 0 ’ 8 respectively. The values found for 2 dogs’ spleens 
were -r0 and 2-9 The average value for the spleens of four lambs was 2-(> P with 
the maximum and minimum values of 2-3 and 1-5. 11 

Tll P® variat ! on of thi ® ra . ti0 was however most marked in calf and pig spleens 
Thus Rie maximum and minimum values in the spleens of 5 calves were 4 5 and 
1 0 and the average was 2-8. Its deviation was even greater with pigs’ spleens 

Trith “ d We " 9 0 1 ' '* respectively; 

The effect of magnesium, ions upon spleen extracts and red blood cells 
under varying conditions of hydrogen ion concentration. 

Erdtmann [1927; 1928] and Jenner and Kay [1931] claim that magnesium 
themd^lbe aCtlVat ™ g eff ® 6t ]te on kidney- and bone-pliosphatase and afso upon 

and also unoiTtee "red ~iu 6 ’ ^ of magnesium ions upon spleen extracts 
^ P th d celI ‘ enz ynie has been observed under different conditions 
y gen ion concentration and compared with the corresponding effect on 

ff^7oToS e m L he reSuIts ,r.f-PO-ted in Fig. 1 JdSS? 

brokln lfrie curfefswT “ °l Up ° n Spleen ' and red cell-phosphatase. The 

red cehsin Z urfZfVTT “ activity ° f spIeen extracts and a k° W 
rea ceils in the piesence of added magnesium; the continuous line curves the 

behaviour in the absence of tee added substance. ° ntmU0US 11116 cuives the 
maximuS rTwtee 18 s P leen -P hos P h atase yieided an unexpected result. The 

fasten If 5 \ Sli f stimu 

Table HI illustrates **** °° CUrred betwee11 ^ 6 ‘° and 8 ' d - 

obsfrwflt « Ul v J ere ° bseryed ^ red hlood cells. The maximum effect was 
erved at p R values near neutrality (see Fig. 1). Plasma, kidney and bone 
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Table III. 


mg. P produced in the mg. P produced in the 
presence of added Mg absence of added Mg 

0-225 0-264 

0*100 0-021 

0*200 0-084 



Fig. L The hydrolysis of ^-glycerophosphate in the presence and absence of added magnesium, 
by spleen extracts and lysed red cells under varying conditions of hydrogen ion concentration. 


Hydrolysis in absence of added Mg; 


Hydrolysis in presence of added Mg. 


extracts all show marked stimulation by magnesium, particularly with dialysed 
preparations. The increase in activity varies with the p R} exhibiting a maximum 
at the optimum p B of the enzyme. 

Both with blood and spleen, the effect of magnesium seems to be to move the 
optimum p B of the enzyme to more physiological values and to facilitate the 
breakdown of organic phosphates at conditions near neutrality. Inasmuch as 
this is true, we have a fundamental difference between the enzyme of the blood 
and spleen on the one hand and that of the bone, kidney etc. on the other. The 
combined enzyme -magnesium complex of the bone-enzyme functions optimally 
at p B 8-9, whilst that of the spleen and blood exhibits its maximum effect at or 
near neutrality. 


The hydrolysis of a- and /?- glycerophosphates by spleen extracts. 


The rates of hydrolysis of a- and /3-glycerophosphorie acids in the presence 
of the bone- and red cell-enzymes are different. The bone-enzyme hydrolyses 
/3-glycerophosphoric acid more rapidly than the a-isomeride [Kay, 1926; Kay 
and Lee, 1931]. The red cell-enzyme however hydrolyses the a- compound the 
more rapidly [Roche, 1931]. 

Fig. 2 shows the variation in the rates of hydrolysis of a- and /3-glycero- 
phosphoric acids under various conditions of hydrogen ion concentration, using 
spleen extracts as the source of enzyme. The /3- compound was used as the sodium 
salt: the a-isomeride was used as the ammonium salt. Solutions were prepared 
to contain the same concentration of phosphorus. 

The a-isomeride was hydrolysed in a similar manner to the /?- compound, in 
that the -activity curve exhibited two optima at the same p B values as with 
the /3-compound as substrate. From Fig. 2 it will be seen that the ratio of 




ML 
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S P * S ° t0 ^ at at Ph. 9-0 varies with the substrate. 'Thus 
_ ompound the ratio was 0-8 and with the a-compound, using the same 

extract and at the same time, the ratio was 1*7. 

rr# The / e ™ tlV o rat6S of hydrolysis of the two compounds were however quite 
different. The ^-compound was hydrolysed rather faster than the a-compound at 
alkaline p E values. Near neutrality, the two substances were hydrolysed at 



Lysed red 
cells 



Rg. The hydrolysis of “d ^glyeerophosphates at varying hydrogen ion concentrations, 
by spleen extracts and lysed red cells. 

© # a- Glycerophosphate; o o ^-Glycerophosphate. 

nearly the same rate. On the acid side of neutrality however the S-eomnound 

this reSrife ^7 tfa “ 8 M fest ^ the “-compound. In order to control 

tills result the experiment was repeated with red cells Roche’s remit* 

‘ n * he »f «>« *" emymes was 

The effect of magnesium upon the rate of hydrolysis of a-o-lveeronhosubn™ 

Discussion. 

is mIid“oth°em of^7 eS be d ^ ermined exactly as long as one enzyme 

its c^mnZent? +7 7? Sa 7? gr T P ' If is P° ssible t0 separate the group into 
cfefiSte mUGh Simpler and the results more 
be accurately defined hi * pho ® pliata f 8 oecur ™g in mammahan tissues cannot 
identitToi oftS ’ ?T e aith0Ugh results ha ™ been quoted in favour- of the 
results have been ha7ed & X 3 ' 1 ' 0118 Phosphatases from animal sources, such 
” 6 e*tac £ Z npon the evrdence of experiments in which either crude 
ssue extracts or mixtures of enzymes have been used. 

distinct 7* tb ? reliable evidence suggests the existence of but two 

Th f b0 ^y*ie a nd (ii) the red blood 
P P • oches claim that the red cell-enzyme is a different mechanism 
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from that of the bone-phosphatase is a strong one inasmuch as he was able to 
effect a separation of the enzymes of bone and the red cell and to demonstrate 
a difference between their properties. 

In the present communication experiments have been described which 
demonstrate the fact that spleen extracts are capable of exhibiting phosphatase 
activity upon both the acid and alkaline sides of neutrality. The interpretation of 
such results is difficult because it has not yet been possible to purify the extracts 
to any great degree, nor has it been possible to separate the extracts into fractions 
which contain two distinct enzymes. Even so the assumption that spleen extracts 
contain two distinct and separable enzymes, each capable of hydrolysing phos- 
phoric esters, may be made, in so far as it explains all the facts at our disposal. 

Thus such a hypothesis explains the existence of two optima of p H , the fact 
that the ratio of the activities of the extracts at the two optima is such a variable 
quantity (if we are dealing with the same mechanism over the whole range of 
hydrogen ion concentration studied, then it is reasonable to believe that the 
ratio should be a constant one) ; and lastly it explains the effect of magnesium. 

The two enzymes may be described for the sake of clarity as the “acid” and 
“alkaline” phosphatases of the spleen. A comparison of the properties of these 
two enzymes with those of the bone and blood cells shows some interesting 
similarities and differences (Table IV). 

Table IV. Comparison of properties of the phosphatases of spleen , 
bone and red cells. 


Source of enzyme 


Property 
Optimum p B 

Effect of magne- 
sium at opti- 
mum p H 

Effect of magne- 
sium at _p H 7*0 

Relative rates of 
hydrolysis of a- 
and ^-glycero- 
phosphates 


r 

Bone 

8-9 

Stimulation 


Slight stimula- 
tion 

Hydrolyses /?- 
compound 30 % 
faster than a 


Red cell 
6-0 

Stimulation 

Maximum stimu- 
lation 

Hydrolyses a- 
com pound 300 % 
faster than fi 


Spleen, acid 
4-5-5-0 
Slight inhibition 

Maximum stimu- 
lation 

Hydrolyses (3- 
compound 300 % 
faster than a 


Spleen, alkaline 
9*0 

Stimulation 


Slight stimula- 
tion 

Hydrolyses /?- 
compound about 
30% faster than 


As a result it is possible to identify the alkaline enzyme of the spleen with the 
hone-enzyme. Thus they both possess the same optimum They also hydrolyse 
a- and /3-glvcerophosphates at the same relative rates, and the effect of magne- 
sium is the same upon both, at both the optimum and at 7*6. The acid 
enzyme of the spleen however, exhibits markedly different properties from either 
the alkaline enzyme or the bone-enzyme (Table IV). It resembles the red cell- 
phosphatase but also differs from this chiefly in two respects; it possesses a 
different optimum and it hydrolyses a- and /3-glycerophosphates at different 
rates from the red cell-phosphatase. 

The fact that the acid enzyme of the spleen differs from the red cell-phospha- 
tase in just those properties which Kay used for grouping the phosphatases of the 
bone, kidney etc., suggests the possibility that the tw T o mechanisms may be 
different. Since, however, little is known of the effect of naturally occurring 
stimulants and retardants to phosphatase activity it must he remembered that 
possibly the differences here described may be due to the effect of such substances. 
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SUMMARY. 

1 . Extracts of spleen and liver show two optima of hydrogen ion concent™ 

tion for phosphatase activity. Extracts of bone and intestine and blood-plasmi 
and red cells show only one optimum. piasma 

Ph 8-9 tW ° ° ptlma fol ' spleen and Iiver extracts occur at p H 4-5-5-0 and at 

A , no relationship between the phosphatase activity at the two 

ptima either from annual to animal or from species to species. 

« r’n a ?- n t S f^ 1 ? nS stimu l ate spleen-phosphatases from p H 6-0 to 9-5 Below 
Pil ^*0 a slight inhibition is produced. H * ow 

near neuSahty^ 111 ™ relatiTO ^ ° f magnesium ions » found at values 

6. Spleen extracts hydrolyse /3-glyeeropiiosphoric acid at p„ 5-0 about 
three tunes as rapidly as the corresponding a-compound. H 

. it is suggested that the spleen contains two separate and distinct phospha 
tases, one which is identical with the bone-enzyme and the other which 
properties different from those of the enzyn* i either 


REFERENCES. 

Asakawa (1929). J. Biochem. 11, 143. 

Davies and Cule-Davies (1932). Biochem . J. 20, 2040. 
Erdtinann (1927). Z. physiol. Ghem. 172, 182. 

(1928). Z. physiol. Ghem. 177, 211. 

Eorrai (1923). Biochem . Z. 142, 282. 

Grosser and Husler (1912). Biochem Z . 29, 1 
Jenner and Kay (1931). J. Biol. Ghent. 93,’ 733. 

Kay (1926). Biochem. J. 20, 791. 

■ (1928, 1). Biochem. J. 22, 855. 

(1928, 2). Biochem. J. 22, 1446. 

(1931). J. Biol. Ghem. 89, 249. 

(1932). Physiol. Rev. 12, 384. 

— and Lee (1931). J. Biol. Ghem. 91, 135. 

King (1932). Biochem. J. 26, 292. 

Martland, Hansman and Robison (1924). Biochem. J. 18, 1152 
Robison (1923). Biochem. J. 17, 286. 

and Soames (1924). Biochem. J. 18, 740. 

Roche (1931). Biochem. J. 25, 1724. 
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The most pronounced feature of the metabolism of the cancer cell is its property 
of aerobic glycolysis. With the possible exception of a few spontaneous mouse 
tumours, where the metabolism of the cancer cells may be masked by that of the 
connective tissues, all tumours yet examined continued to form lactic acid under 
aerobic conditions [Warburg, 1930]. The aerobic glycolysis is an expression of a 
deficiency in the tumour respiration, characterised by a lowering of the r.q. of 
the tumour tissue to a level below the carbohydrate value of r.q. found in normal 
tissues with similar powers of glycolysis [Dickens and Simer, 1930, 2; 1931, 2] 
whether or not the total respiration is diminished in extent. The appearance of 
aerobic glycolysis shows that in such tissues the mechanism, called by Warburg 
the Pasteur reaction, which normally correlates respiration and glycolysis, is 
defective ; for normally in a wide variety of aerobic animal and vegetable cells 
there is a virtually complete suppression in oxygen of the formation of products 
of the cleavage type of metabolism. 

There are two methods by which this problem can be more closely investi- 
gated; namely either by the study of methods of artificial production of the 
property of aerobic glycolysis or by attempts to restore the damaged metabolism 
to normal. The second of these possibilities is the more difficult to achieve and 
experiments on this point are in progress. 

The most comprehensive study of the conditions under which aerobic glyco- 
lysis may be artificially produced is due to Warburg, whose summarised results 
are as follows [see Warburg, 1929]. I. Inhibition of the respiration; reversibly 
by means of HCN, irreversibly by temporary asphyxia by keeping the tissue in 
nitrogen. Spontaneous loss of respiration associated with loss of nuclear 
material (red blood cell) and accompanying a change of cellular type (embryonic 
lens). II. Inhibition of the Pasteur reaction, reversibly by ethyl isocyanide, 
irreversibly by heat and, partially, by exposure of certain embryonic and 
germinal tissues to salt solutions. To these we may now add certain agents 
which, like ethyl isocyanide, may be classed under the rather comprehensive 
title of “heavy metal reagents 1 -amino -2 -naphthol- 6 - sulphoni c acid [Krah, 
1930], and also reduced glutathione which, according to Bumm and Appel [1932] 
specifically and reversibly inhibits the Pasteur reaction. 

Warburg [1926] pointed out that the poisoning action of ethyl isocyanide on 
the Pasteur reaction favours the theory of a heavy metal catalyst ; the metals 
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in consideration being iron or, less probably, manganese. Since, on this theory 
ethyl ?*socyanide reacts with the catalyst of the Pasteur reaction but not with 
the respiratory catalyst, whilst the same compound is without action on 
methaemoglobin but reacts with haemoglobin, the further view that the catalyst 
of the Pasteur reaction may contain iron in the ferrous state was tentatively 
suggested. Krah concludes from the action of the reagent mentioned that he 
has demonstrated the ferrous nature of the catalyst. 

In the present paper the action of phenylhydrazine on tissue metabolism is 
investigated. Phenylhydrazine belongs, according to Lipschitz [ 1924 ] to the 
class of “indirect blood poisons” which are able to oxidise blood pigments only 
in the presence of oxygen, becoming themselves oxidised in the process. 
Warburg et al. [1931] showed clearly that in oxygen, but not in inert gas (CO), 
erythrocytes treated with phenylhydrazine become brown in colour, without 
spectroscopically detectable methaemoglobin formation, whilst on haemolysis 
there is a heavy deposition of denatured globin, whose production is presumably 
accompanied by liberation of haematin; for on reduction in an atmosphere of 
CO the amount of gas taken up by the phenylhydrazine-treated cells was equal to 
their loss of oxygen capacity. On shaking these cells with air the spectrum of 
methaemoglobin slowly appears owing to the catalytic action of the haematin 
on part of the free haemoglobin, and by the reduction of this methaemoglobin 
sugar can be oxidised in the cells. The treated cells thus show an ability to oxidise 
glucose which is absent from untreated ones, this property being dependent on 
the high content of haemoglobin in the starting material. Such an increased 
sugar oxidation could not therefore be expected to occur in other cells. On the 
other hand it was of importance to test the reaction upon ordinary body cells of 
this substance which reacts in the presence of oxygen with compounds such as 
haemoglobin containing ferrous iron, destroying- the complex and causing 
deiiaturation of the associated protein. A substance possessing these properties 
might be expected to influence the Pasteur reaction, since reagents which react 
within the cell with ferrous iron (ethyl wcyanide, heavy metal reagents of Krah) 
or denaturation of protein (heat, salt solutions) are known to interrupt the 
connection between respiration and glycolysis. 

In the present paper it is shown that phenyfliydrazine, in low concentration, 
acts as what may be termed an “indirect cell poison,” in that in the presence of 
oxygen, . but not in its absence, it is capable of bringing about an aerobic 
glycolysis which can rise to the anaerobic level. Its action is irreversible, and the 
substance is without appreciable effect on the anaerobic glycolysis. Whilst with 
some tissues the respiration is little affected, or even slightly increased, with 
others it is inhibited to a greater or less extent. The significance of this will be 
discussed after the description of the experiments. 


Experimental. 

Methods . The tissue, usually of the rat and in thin razor- slices where necessary, 
was well rinsed with three changes of Ringer solution, to remove as much of the 
loosely adhering blood as possible, and was suspended in glucose-bicarbonate- 
Kinger solution at room temperature and containing sufficient of the if/20 
solution of phenylhydrazine described below to give the final concentration 
stated (usually 2-5 x 10~*M). A contro! portion of the same tissue was suspended 
* n Rmger soluti011 ‘ Oxygen containing 5 % C0 2 was allowed to 

bubble briskly through the suspensions; this pre-treatment usually lasted for 
15 minutes. The tissue was then removed, well rinsed first in salt solution, 
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afterwards for a few minutes in bicarbonate — or phosphate— Ringer while 
passing the appropriate gas mixture (0 2 , or 5 % C0 2 in 0 2 ). It was then trans- 
ferred to the manometer-vessels containing bicarbonate— or phosphate — Ringer 
solution with 0-2 % glucose. 

Phenylhydrazme. The colourless, recrystallised hydrochloride (B.D.H. 
“A.R.” 73 mg.) was dissolved in 5 ml. water, and made up to 10 ml. with salt- 
solution and the addition of 0*5 ml. N NaOH. This solution (M /20) was prepared 
freshly for each experiment. 

Measurement of metaholism . For short experiments, and where the course of 
the metabolism with time was to be followed, Warburg’s [1924] two vessel 
method was used. Unfortunately with this method not only must a value of 
r.q. be assumed in the calculation of aerobic glycolysis, but with increasing value 
of aerobic glycolysis relative to respiration, the values of the observed pressure 
changes in the two vessels become more nearly equal, and it follows that the 
difficulty of obtaining accurate values of respiration with such tissue becomes 
increasingly great. The technical difficulty of obtaining an accurate measure of 
respiration in bicarbonate media presents a serious problem with such tissues. 
To supplement the respiration figures, where the material available was sufficient, 
the methods of Dickens and Simer [1931, 1] and Dickens and G-reville [1933, 3] 
have been used. Both need a fairly prolonged experimental time, but the values 
of respiration, and with the second method of glycolysis, obtained are free from 
the objection inherent in the use of two different tissue-slices for measurement. 
The value of aerobic glycolysis in some extreme examples of phenylhydrazme- 
treated tissue is so great compared with the respiration that no existing method 
is adequate for really accurate measure of their r.q. in bicarbonate, the whole 
extent of the manometer scale being used up by the glycolysis before a suffi- 
ciently great respiration had occurred. Finally, measurements of respiration in 
phosphate -Ringer were made by the method of Dickens and Simer [1930, 1], 

‘ but these, while free from such disadvantages, are in a less physiological medium, 
in which the respiration may not always be the same as in the bicarbonate 
medium used for the measurement of glycolysis. In the experiments with yeast, 
where the cells were suspended in acid phosphate, with or without potash as 
C0 2 absorbent in the vessels, these difficulties did not of course arise. In spite of 
the technical difficulties mentioned, it is believed that the precautions taken 
were adequate to ensure reliable measurement in all cases, though in the 
experiments made by Warburg’s method with these highly glycolysing tissues 
importance should not be attached to minor variations in respiration. 

The measurements are collected in Tables I, II and III, and will be briefly 
surveyed. 

Table I. Embryonic tissues. 


Treated phenylhydrazme 


Exp. 

Mouse outer membrane 
Mouse placenta 
Mouse embryo 
Guinea-pig outer membrane 
Eat outer membrane 

Eat outer membrane 

Eat embryo (3 mg. dry wt.) 


Control 


Time 

( 

A 

— \ 

(mins.) 

Q Go 

Qjf 


— 

12-9 

5-9 

— 

— 

20*0 

14-5 

31-0 

f 90 

14-1 

__ 

— 

160 

15-5 

6*2 

26-0 

40 

9-8 

3-2 

18*7 

40 

11-3 

8-4 

14-2 


Pre-treatment 


Cone. 

Time 

Exp. 

time 

Mjlit. 

mins. 

mins. 

3 xlO -3 

13 

— 

3 xl0“ 3 

13 

. — 

3 x 10~ 3 

12 

30 

2-5 x 10~ 3 

15 

— 

3 x 10" 3 

15 

(90 

3 xlO- 3 

15 

\60 

J 40 

3 xlQ- 3 

10 

1120 

40 


Q oa 

Qjf 


Medium 

14*3 

20*6 

26*0 

B 

8-2 

5*2 

6*5 

B 

16*0 

22*5 

25*0 

B 

12-3 

16*0 

20*6 

B 

9-3 

— 

— 

Phosphate 

10*2 

31*8 

28*5 

B 

7-3 

17*3 

20*0 

B 

5*5 

— 

— 

Phosphate 

14*1 

16*2 

16*1 

B 
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Table IL 

Treated phenylhydrazine 
Pre- treatment 


Exp. Time 


no 

. mins. 

«o. 


Q N 3 

cone, if /lit. 






Eat testis 

1 

60 

10-8 

2-5 

7*3 

2*5 x 10~ 3 
(no glucose) 


60 

9-6 

3*5 

11*0 

2*5 x 10~ 3 

3 

30 

12-0 

4-3 

12*0 

2*5 x 10~ 3 



10*4 

3-9 



(tissue not washed) 

2*5 x 10“ 3 

4 

30 




(tissue slightly rinsed) 

12-8 

4-8 

11*0 

2*5 x 10~ 3 


100 

9-9 

3*5 

— 

(tissue in two changes Ph . NH . NH„' 
2*5 x IQ-* 

5 

1st 30 

13-3 

5*0 

10*6 



next 60 

10-3 

3*3 

10*6 

55 

6 

— 

— 

___ 




7 

30 

10-3 

5*5 

9*0 


8 

120 

10*6 

2*3 



R.Q. 






0*98 


120 

11-8 

0*2 

3*0 

Rat liver 

R.Q. 


Exp. 

time 

mins. 

$o 2 


2? 

Medium 

60 

9*4 

6*3 

8*3 

B 

60 

14*1 

6*9 

___ 

B 

B 

60 

10*6 

8*4 

9*2 

30 

9*4 

2*9 

11*6 

B 

30 

10*3 

6*3 

— 

B 

30 

9*9 

11*0 

10*1 

B 

100 

6*0 

7*0 



B 

1st 30 

15*5 

8*9 

8*6 

B 

next 60 

12*3 

6*2 

8*6 


120 

6*5 

4*7 

6*6 

Bt, r.q. 0*80 

30 

15*1 

9*0 

9*0 

B 

80 

8*2 

6*4 



B 


8*6 

7*7 

— 

B 


9*6 

7*1 



B 

120 

8*8 

6*2 

8*1 

Bf, R.Q. 0*90 

120 

8*2 

0*5 

2*9 

Bt, R.Q, 0*88 


Abbreviations: 
and Greville [1933, 


B -method of Warburg [1924]; B*=method of Dickens and &meiT1931 
oj; 1 hosphate —method of Dickens and Simer [1930, 1]. 

Table III. Jensen mt sarcoma. 

Treated phenylhydrazine 


I’ = method of Dickens 


Pre- treatment 
2-5 x 10~ 3 M 
Ph.NH.rn> 
for 15 mins. * 
in all exps. 


andtS™ of Warburg [1 924]; B* =method of Dickens and flta* [1931, 

[ 933, 3], Phosphate— method of Dickens and Simer [1930, 1]. 


Bt 

Bf 

B 

B 

B 

B# 

B# 

Phosphate 


Effect of phenylhydrazine on the anaerobic glycolysis. The figures aiven for 
e F h0W I 6 efect ° f PhenylfiydrLL on the anaemic 

the variation is notTs ** T™ a Shght faU ° f gbcolysis is observed, but 

T 011 great6r than ma y be fo ™ d ™th duplicate 
TIWo Kl u • If T f T Slmilar P'-e-toeatraent but without phenylhydrazine 
The tables show that on the whole the pre-treatment with phenylhySazfnTfn 

sssr-"* a " e eBect “ ~ — 
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Effect of phenylhydrazine on the aerobic glycolysis. In all the tissues used (with 
the exception of liver, where the glycolysis is small under ordinary conditions) 
the effect of treatment with phenylhydrazine is to increase the aerobic glycolysis 
(Q J 2 ) very markedly. In most cases Qx rises to a level very near to the anaerobic 
value. This is best seen with tissues showing high Q*/, such as the embryonic 
tissues (Table I), and tumour tissue (Table III). As is well known, many of the 
embryonic tissues show an appreciable glycolysis in Ringer solution which is not 
observed when the measurements are made in serum or in amniotic fluid : very 
young embryos may also glycolyse even in these media unless the enveloping 
membranes are intact [Negelein, 1925]. Even hi such cases (Table I) the value 
of Qfl found in Ringer solution is greatly increased by pre-treatment with 
phenylhydrazine. 

Of tissues with an intermediate degree of glycolysis, testis (Table II) provides 
a suitable example. Unlike the other tissues studied, for some unknown reason 
apparently connected with the animals used, testicular tissue of the rat sus- 
pended in Ringer solution shows a very variable aerobic glycolysis. Thus 
Warburg et al. [1924] give the following figures (based on r.q. = 1) Q Ch —12*3, 
Qjf + 7-2, Q J + 8-5; and a similar though less pronounced aerobic glycolysis was 
observed by Dickens and Greville [1933, 1]. On the other hand, in earlier experi- 
ments Dickens and Simer [1931, 2] found much lower values of Q { $, and these 
are similar to the figures given in the present paper. At the other extreme, 
Barron [1930] reports that though manometricaUy he observed a small acid 
formation (Q®? +1-2), chemically (in phosphate) he was unable to detect any 
aerobic lactic acid formation in salt solutions with the specimens of rat testis 
used by him. Since in manometric experiments we have invariably observed 
some aerobic acid production with this tissue, It was considered desirable to 
compare the manometric readings with chemical estimations of lactic acid 
formed. As the result (Table IV) of the analysis (Friedemann and Kendall 5 s [1929] 

Table IV. Lactic acid estimations . 

Rat testis Che mi cal 

ManometricaUy estimation 



mg. dry wt. 

Time 

found 

mg. lactic 


tissue 

mins. 

mg. acid 

acid 

Control tissue I 

13-6 

120 

0-39 

0-45 


14-8 


0-42 

0-38 

Control tissue II 

22-9 

100 

0-69 

0-62 


21*1 


0-64 

0-70 

Phenylhydrazine tissue I 

13*8 

120 

0-78 

0-70 


15-8 


0-68 

0-66 

Phenylhydrazine tissue II 

24-3 

100 

1-23 

1-12 


8-65 

180 

1-00 

1-08 


Jensen sarcoma 



Control tissue 

12-17 

90 

1-22 

1-07 


11-43 


1-15 

0-96 

Phenylhydrazine tissue 

8-05 

90 

1-32 

1-25 


8-72 


1*43 

1-14 


8-68 

90 

1*25 

1-32 

modification of Clausen’s method), some 

90 % of the 

manometricaUy observed 


acid appeared as lactic acid. Since this is almost within the limits of error with a 
tissue of such moderate glycolysis, there does not seem any reason to doubt that 
this is also a true lactic acid fermentation. Thus there appears to be a real 

Biochem. 1934 xxviii 35 
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difference between the behaviour of rat testis as studied by different workers for 
which no explanation appears sufficient at the present time. 

These considerations however do not affect the present experiments, where 
control and phenylhydrazine portions of the same tissue were always compared 
side by side. As will be seen from Table II, phenylhydrazine had a similar effect 
on aerobic glycolysis to that shown by the embryonic tissues; the value of Q 0 * 
rises after treatment to a higher level, near or equal to Q^f. 11 

A further type was provided by tumour tissue. Well-growing non-necrotic 
specimens of Jensen rat sarcoma (derived from a stock tumour kindly supplied 
by Miss Scott, Barnato Joel Research Laboratories, Middlesex Hospital, London) 
were used in all experiments. All methods of measurement of metabolism showed 
the same result, the already pronounced aerobic glycolysis shown by the Jensen 
sarcoma is greatly increased in the phenylhydrazine-treated tissue (Table III) 
and reaches a value which is, within the limits of error, equal to the glycolysis 
of the same tissue in absence of oxygen. 

Nature of the acid formed. The possibility that the acid formed in the 
manometric observations might not have been lactic acid has been excluded by 
analysis. For this purpose rat testis and Jensen sarcoma were used and the 
manometric readings compared with Clausen estimations of the lactic acid 
formed in the vessels, the results (Table I V) show that some 90 % of the acid 
formed is lactic acid. 

Conditions affecting the action of ‘phenylhydrazine on the metabolism 
{a) Washing. Since phenylhydrazine is known to react with haemoglobin under 
similar conditions to those in which it reacts with the cell-ferments, it is not 
surprismg that incomplete washing of the tissue reduces the extent of its action. 
It has been observed that in several experiments where completely unwashed 
testis, for example, has been used phenylhydrazine (2-5 x 10~ 3 M) had no 
measurable action on the metabolism. If, however, the same tissue were treated 
with a second portion of the phenylhydrazine Ringer solution, the usual increase 
°f a ] ero 1 Jlc glycolysis was produced (Table II). This point has not been further 
studied, well washed tissues being always used in subsequent experiments. 

(6) Time and temperature. At room temperature the reaction with phenyl- 
hydrazine is not instantaneous but is usually complete in 15 minutes. Exp. 2 
Table II, performed with rat testis illustrates this point. 

The reaction also occurs at 37° and is not dependent on the presence of 
glucose m the medium as the following experiments show. 

Jensen rat sarcoma. Temperature 37°. Control, Q$ + 23-5; the same tissue 
with i -7 x 10 phenylhydrazine in vessel (result, corrected for autoxidation 
of phenylhydrazine) <2$ + 37. 

Rat testis. Pre-treatment without addition of glucose to the Ringer- 
bicarbonate used: 8 minutes at room temperature: 


Control 

With 2*5 x 10“ 3 M 
phenylhydrazine 


i 


- 10-8 

- 9-9 

- 9-0 


2*5 

6*3 

6*3 


7*3 

8*3 


(c) Oxidative nature of the reaction. The following experiments show that the 
action of phenylhydrazine occurs only in the presence of oxygen. 

I he pre-treatment was carried out at room temperature in the closed vessels 
attached to their manometers; these were filled with either nitrogen + 5 % CO,, 
m yygC'C J' /o 0 2 and were shaken as usual. The phenylhydrazine solution 
(0-2 mi. M/2 0) was contained in the side-bulb, while the tissue, suspended in 
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Ringer-bicarbonate-glucose solution (4 ml) was in the main part. The solutions 
were first saturated with the appropriate gas mixtures. In the experiments in 
nitrogen, chromous chloride solution (0*3 ml.) was contained in the central well 
as oxygen absorbent. The vessels containing solutions and tissue were first 
shaken for 10 minutes to allow absorption of any residual oxygen in the anaerobic 
experiments, the phenylhydrazine was tipped in from the bulbs, and the shaking 
was continued for 15 minutes. The tissue was then quickly removed, rinsed and 
transferred to the vessels used for measurement of metabolism. It was noted 
that the colour of small traces of blood present changed to brown in the 
oxygenated phenylhydrazine portions only. 


Eat testis 

Q o 2 

o°* 

Control: pre-treatment in 0 2 + 5 % C0 2 

Pli . NH . NHo : pre-treatment in 0 2 -f 5 % C0 2 
Control: pre-treatment in N 2 + 5 % C0 2 

Pli . NH . NH 2 : pre-treatment in N 2 + 5 % C0 2 

-10*3 
-15 1 
-12-8 
-12-5 

5*5 

9*0 

5*5 

5*8 

Jensen sarcoma 



Control: pre -treatment in 0 2 -l-5% C0 2 

Ph . NH . NH 2 : pre-treatment in 0 2 + 5 % C0 2 

- 9*5 

>7. >7 

31*0 

27*8 

19*1 

Pli . NH . NH 2 : pre-treatment in N 2 4- 5 % C0 2 

— 1U 

- 8-6 


Effect of phenylhydrazine on respiration. If the figures for Q 0 , shown in 
Tables I-III are examined, it will be seen that the rise in glycolysis is not 
accompanied by a corresponding fall in respiration. Occasionally in short 
experiments the latter appears to be slightly increased; a similar result was 
observed by Warburg [1926] in ethyl ^ocyanide poisoning of surviving tissues, 
but there does not seem to be any explanation at present for this. On the other 
hand, and particularly in experiments of greater duration, there is usually a 
small fall of respiration in the phenylhydrazine tissue; the extent of the fall 
varies, though not entirely regularly, with different tissues and is fairly uniformly 
found in extended experiments with testis, sometimes with some of the embryonic 
tissues, and is less pronounced, or absent, with Jensen sarcoma. 

In considering these figures there is a suggestive parallelism with the 
respiration of the same tissues in the absence of glucose from the medium ; this 
effect of glucose-lack has been fully examined in a previous publication [Dickens 
and Greville, 1933, 1]. It was shown that, in experiments extending over some 
hours, the respiration of testis falls slowly, but that of most of the other tissues 
used in Tables I-III is less affected by withdrawal of glucose; probably even 
with different samples of any particular tissue the extent of the fall is to some 
extent dependent on the state of nutrition of the animal. The respiration of the 
Jensen sarcoma is practically identical in extent whether glucose is present or 
not. 

This suggested that the action of phenylhydrazine in inhibiting the Pasteur 
reaction might be connected with a loss of ability of the poisoned tissue to 
oxidise glucose. This question has been attacked in two ways. Firstly, the value 
of r.q. in a few examples of the poisoned tissue was examined. Unfortunately 
little help could be expected from these measurements, for with the tissues 
available the fall in r.q. in absence of glucose is by no means marked and may 
even be lacking entirely, as was shown by Dickens and Greville [1933, 1] in a 
number of instances. The most favourable example from this point of view w T as 
testis, and here the values of r.q. and respiration both suffered a fall in the longer 
experiments (Table II) suggesting that carbohydrate oxidation may be reduced. 

35—2 
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Similar measurements with Jensen sarcoma showed that neither the r.q. nor 
the respiration undergoes any marked change in the poisoned tissue (Table IIP • 
here again the result is comparable with the absence of change of these quantities 
with the untreated tissue in glucose-free Ringer, as has been previously shown 
Ilie most serviceable examples of cells suitable for the demonstration of 
carbohydrate oxidation are provided by brain grey-matter [Loebel 19251 and 
the yeast-cell [Meyerhof, 1925], In both of these, unlike the tissues already 
considered, the continuance of the respiration is dependent on the surmlv of 
carbohydrate from without. J 

The following experiments were designed to determine to what extent the 
oxidation of glucose is influenced in these cells by treatment with phenvl 
hydrazine, since this appeared to be a critical test of how far it is the oxidation 
oi carbohydrate that is specifically interfered with by this reagent. 

Table V. Eat cerebral cortex. 

Treated phenylhydrazine 


Exp. 
time 
No. mins. 

1 30 

40 


Control 


Pre-treatment 


^02 

11-1 

134 


3-5 

2-5 


28-0 


90 

90 

60 

120 

130 

f 60 

1 ^O 
1120 

120 


12*3 

10*7 

12*6 


4*3 

2*3 


15*9 


0*98 


Cone. 

M/lit. 

(5 x 10~ 4 

i 10-- 

2*5 x IQ -3 

2*5 x 10~ 3 
5 x 10~ 3 

2*5 x 10~ 3 

2*5xl0-» 
2*5 x 10— 3 

2*5xl0~ 3 

2*5xl0- 3 

2*5x10-3 


Time 

mins. 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 


'2*5x10-3 15 


*2 0-2 
12*9 
3*9 
10*3 
8*6 
11*6 
4*4 
12*2 
9*6 
6*4 
8*3 
5*9 

9*5 
84 
9*9 
'5*0 
■8 




r 5 ‘ 

tp- 


5-6 

21*4 

11*3 

8*5 

10*7 

15*7 

10*0 

8*8 

11*2 


7*0 

7*5 

15*2 

11*1 


19*4 

24*4' 

24*0 


E *Q- Method 

— B 

— B 


27*0 — 


17*8 

17*0 

184 

18*4 


0*98 

0*96 

1-02 


1*01 


B 

B* 

B* 

¥ 

Bf 

Phosphate 

Phosphate 

B 

Phosphate 

Bf 

Bt 

Bf 


„ forlCZth 1 Th S “I* 1 ™ 61 * 5 on ‘Issue »ere curried out just 

tf “ th6 ° thBr “P.rimeuts glucose w.s 

piesent throughout m the media, a necessary precaution here since the resnira 

Tablf^Ts b?w q T M qi S b fferS ^ f bS6nCe of su S ar - Tbe *»ulte are shown in 
without ' effect 1 % be seen that the phenylhydrazine pre-treatment is 
ZroZJlZ the anaer ? blc gheolysis, whilst in some experiments the 
Ss mS or W r T S , COnsid f rabl y- In aU of these, however, the respiration 

poiibkbv action of°T y ’ m T S ? ite ° f repeated trials ib has not bee “ f oond 
p ssible by action of phenylhydrazine with this tissue to raise the glycolysis to 

the anaerobic level without the occurrence of a serious fall ?n reTufration The 

and frS oftn PPeai I Z ** by PWfoydrazine pre-treatment of brrin, 

?933 1] 7 unaffected by lack of glucose [Dickens and OremHe! 

lyririSsts^ie^T 6 P ° iS + ° ne i d by P llen y lb ychazme, as the aerobic glyco- 

rst ’*£> stsl xysrs 
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by glucose, lactate or pyruvate. In the following experiment the effect of these 
metabolites on the respiration of normal and poisoned brain was studied. 

Rat cerebral cortex. Control brain. As control, slices prepared from two brains 
were treated with phenylhydrazine (2-5 x lCHJf) for a time insufficient for the 
metabolism to be affected. 


Medium 

Phosphate-Ringer 


Respiration (Q 0t> ) 

— - A 3 


Substrate 

1st lir. 

2nd hr. 

R.Q. 

None added 

- 8*0 

- 2*6 


Glucose 0*2% 

-11*0 

_ 9.0 

1*03 

dZ-Lactate 0*2 % 

-12*0 

-12*0 

1*03 

Pyruvate 0*2% 

- 9*5 

- 9*3 

1*30 


Bicarbonate-glucose-Ringer: Qq 2 ~ H-2; Qf/ + 5*3 ; #f/ + 21-5. 

Phenylhydrazine brain. Pre-treatment: oxygenation for 15 minutes at room 
temperature with 2-5 x 10 ~ Z M phenylhydrazine. 


Medium 

Phosphate-Ringer 


Respiration (Q 0 ») 
- 1 


Substrate 

1st hr. 

2nd hr. 

3rd hr. 

K.Q. 

None added 

- 5*5 

-2*1 

-1*0 


Glucose 0*2% 

-10*0 

-4*0 

-0*8 

0*99 

dZ-Lactate 0*2 % 

- 8*3 

-6*0 

-4-0 

1*01 

Pyruvate 0*2% 

-10*7 

-9*6 

-8-6 

1*32 


Bicarbonate-glucose-Ringer (1st 40 mins.): $o 2 - 11-8; + 10-3; Qjf +20-0. 


These figures show how the respiration changes with time, and from them it 
is clear that whilst the ability to oxidise glucose and lactate is severely damaged 
in the partially poisoned brain, the ability to oxidise pyruvate is in no way 
affected. This result is particularly noteworthy, since it was shown for tumour 
tissue [Dickens and Simer, 1930, 2] that whilst glucose and lactate have little 
effect on the level of R.Q., pyruvate increases this very markedly to above unity 
(Jensen sarcoma, Rous sarcoma). Except for the fact that the tumour respira- 
tion in absence of added substrate does not fall, a property known to be charac- 
teristic of brain tissue, the behaviours towards these metabolites of the partially 
poisoned normal tissue after treatment with phenylhydrazine and of the 
tumour tissue appear to be very similar or identical. Pyruvate is the only one of 
these three substances to be readily oxidised by the two types of tissue, in both 
of which the respiration is damaged in such a way that it is unable to exercise its 
normal influence on the aerobic glycolysis. 

Baker's yeast. The behaviour towards glucose of the respiration of the yeast 
cells used (Table VI) was found to be essentially similar to that of brain tissue, 
but the fall of respiration in absence of glucose (about 90 %) in the washed cells 
showed that the yeast cells were even more dependent than brain on glucose from 
the medium for their respiration. 

Phenylhydrazine pre-treatment of this yeast inhibited its respiration without 
appreciably affecting its power of anaerobic fermentation. The aerobic fermenta- 
tion rose, and calculation of the Meyerhof quotient shows that there was only a 
slight inhibition of the Pasteur reaction, or in other words the poisoning of the 
carbohydrate respiration ran almost parallel with the appearance of the carbo- 
hydrate fermentation. Finally, with the high concentration of phenylhydrazine, 
poisoning of the respiration was complete, within the limits of error, whilst the 
fermentation in air became equal to anaerobic (HCN -poisoned) fermentation of 
the untreated yeast (Table VI). 

As with higher cells, this toxic action of phenylhydrazine on the yeast cell is 
dependent on the presence of oxygen. With yeast the effect is very marked: 
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Table VI. Balter’s yeast. 

1. Effect of glucose-lack. 

SUSP per ™l “ Jf/2 ° NaH2P ° 4 ’ ° Sygenated by bubbli ”S the gas. 0-6 mg. dry vt. of yeast 

Control portion washed three times at the centrifuge with solution of NaH„PO ( M i‘>n\ 
glucose, if/ 18. - 4 

“ G1 ™ f r ’Irf ^ WaShed ^ tim6S at the centrifu 8 e with solution of NaH.PO 
( ill / 20), without glucose. 2 

Both portions made up to suitable volume in the same solutions as used for washing. 


^°2 Q (V 

(liespira- (Aerobic 
ferm.) 
8-5 




{l' 5 . 

l/*o 

10 


(Anae- 

robic 

ferm.) 

Ill 

4*5 


123 


t> tion) 

Result : (temp. 25°) Control portion with glucose 54.5 

“ Glucose-free ” portion in glucose-free phosphate . 

“ Glucose-free ” portion on addition of glucose 55-5 

2. Effect of treatment with phenylhydrazine. 

Suspension as above of a different batch of yeast from the same commercial source 
0-3 mg. dry wt. of yeast per ml. in glucose-phosphate solution. 

“““ “ notation. Made 

n . ~. 

sufficient of a neutralised solution of phenylhydrazine hydrochloride to Ac A 
concentration stated was added. After 15 mins, centrifuged, washed three times with 
fe lucose-phosphate solution, and made up to the original volume. 

Result : (temp. 25°) : 

Concentration of phenyl 
hydrazine M/ lit. 

0 (control) 

10~ 4 
2*5 x 10~ 4 
10~ 3 

2 x 10“ 3 

3 x 10~ 3 
7 x 10~ 3 

m § 0t6 ‘ The vaIues of “anaerobic fermentation’ 


^°2 

80 

82 

68 

51 

10 

0 

0 


Q g 2 

23 

16 

60 

91 

145 

163 

175 


180 

107 

101 

150 

168 

165 


Avere obtained by poisoning with 2 x 10~ 3 iV 

the non - aei ' ated suspension of 

Pre-treatment with c^Lnllti^of phiyttySne fS fOTlTmSites 250 ' 


Phenylhydrazine pre-treatment 


Cone, of phenylhydrazine Control 

Respiration (Q 0s ) __ 45 

Aerobic fermentation (Q® 2 ) + § 

Anaerobic fermentation (Q^) + i 0 g 


Nitrogen 
(with CrClo) 


Air (not shaken) 


7x10-3 

-47*5 

+17 


IO - 3 
-46-5 
+ 6 


7 x 10 3 
29*5 
+39 


3 x IO - 3 
-42*5 
+24 


10“3 

-47 


Oxygen (shaken) 

_A 

7xl0"3 3xlQ-3J/ 
0 - 6*5 

+101 +110 

+ 93 +109 
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Other reagents: plienylliydroxylamine and amyl nitrite, both of which lead to 
methaemoglobin formation in the erythrocyte [Heubner, 1913; Lipschitz, 1924; 
Warburg et al. 1930; 1931] and to increased respiration of the latter in glucose, 
are without similar effect to that of phenylhydrazine on the Pasteur reaction 

Table VII. Other reagents. 

Treated tissue 


f 

Control Cone, in 

A ->> Ringer 



Q 0-2 


Qj? 

Mf lit. 

^ Oo 



Method 

1. Rat testis. Phenylhydroxylaminet 

10*0 

3-5 

8*8 

6 xlO -4 
1*2 x 10~ 4 

1*3 

7*7 

0*7 

2*6 

9*2, 7*8 

B 

B 

Quinonef 




10-3 

5 xlO -4 

4*9 

r4*4 

13*4 

1*9 

1*3 

3*1 

3*3 

B 

B 

Phosphate 

2. Jensen sarcoma. Phenylhydroxylamine* 

16*4 

22*8 

34*4 

10~ 3 

3*9 

15*0 

30*0 

B 

Amyl nitritef 

7-8 

19*7 

30*4 

ca. JR/100 

4*2 

15*2 

24*6 

B 


Abbreviations: B = method of Warburg [1924]; Phosphate — method of Dickens and Simer [1930, 1]. 

* == pre- treatment; t = in vessel with the tissue. 

(Table VII), their action being to lessen the aerobic metabolism generally; in 
depressing Q 0 „ they are more like the indifferent narcotics. Phenylhydroxlaxnine 
was the pure colourless recrystallised substance freshly prepared according to 
Wohl [1894]. It was dissolved in the Ringer solution in the concentration stated 
immediately before use ; the solution however very quickly undergoes decom- 
position. Amyl nitrite (R.D.H., A.R.) was also added to the Ringer solution 
directly and the mixture shaken mechanically for half an hour before use. In 
both cases corrections for spontaneously occurring pressure changes were applied. 

Since these reagents, in their reactions with haemoglobin at any rate, are 
without effect on the globin, whilst phenylhydrazine brings about its denatura- 
tion, it seems likely that it is to this property of protein denaturation that 
phenylhydrazine owes its action on the Pasteur reaction. 

The mechanism of the Pasteur reaction. According to Warburg’s conception 
[see Warburg, 1930], the increase of aerobic glycolysis without a corresponding 
fall in the respiration is the criterion by which we may judge the specific 
inhibition of the Pasteur reaction. The extent of the inhibition is to be estimated 
by the fall in the value of the Meyerhof quotient : (aerobic minus aerobic glyco- 
lysis) /(respiration). From a normal value of about 2, this quotient will sink to 
zero when inhibition of the Pasteur reaction is complete. 

Judged by this standard, phenylhydrazine is a specific, irreversible inhibitor 
of the Pasteur reaction only in certain tissues; these are the tissues whose con- 
tinued respiration is not dependent upon their being provided with carbohydrate 
from without. On the other hand, in tissues whose respiration is dependent on 
exogenous carbohydrate, phenylhydrazine acts as a specific poison for the 
respiratory enzymes, where its effect on the respiration may, as with the yeast 
cell, resemble that of cyanide in its completeness. 

A number of questions are at once suggested by this apparently dual role of 
phenylhydrazine as a poisoner on the one hand of the Pasteur reaction and on 
the other of the oxidation of carbohydrate. In the first place it does not seem 
probable that this property possessed by phenylhydrazine of interference with 
glucose oxidation without interfering with the mechanism of glucose cleavage is 
limited to tissues whose respiration falls in the absence of glucose. It is theiefore 
a probable assumption, supported by the evidence as far as this is available, that 
the mechanism of phenylhydrazine poisoning is similar in all the tissues studied, 
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and that the inhibition of the Pasteur reaction by phenylhydrazine in 
issues is bound up with the inhibition of glucose oxidation. The question at 
once arises as to whether the continuance of the Pasteur reaction isnecessTriS 
■fwf+ J 1 * 1 oxldatl ° n . of carbohydrate, or whether the oxidation of other 
oodstuffs may also bring about the disappearance of glycolysis. This rrnesi-m 
cannot be regarded as settled at the present time. There are very few cases 
where the relative amount of carbohydrate oxidised can be assessed wiii, 
anything approaching the certainty with which an estimate can be formed for 
tissues such as brain and retina whose continued respiration depends on such 
supplies. Moreover, peripheral frog-nerve [Gerard, 1932] provides an examn/e 
where the existence of such a relationship seems doubtful on the basis of existing 
information; it should be remembered however that this tissue presents meta° 
bolic peculiarities such as the delayed appearance of glycolysis in nitrogen 
Gerard and Meyerhof, 1927] notfound in other cases [see also Chang £d gS? 
1933]. Again, with sugars other than glucose (e.g. fructose) oxidation nf^T’ 

mtyi t V na ' y P T ee ? witllout anaerobic lactic acid formation (brain, see Loebel 
[1925], bram and retina, see Dickens and Greville [1933 11) • it cannot kw 
be assumed that oxidation of glucose and fructose by tissues^ ifcessSjv nroTlT 

toTlf S ™ l ar i ’ < ] utes > and it is therefore permissible to limit the present discussion 
to the role of the oxidation of glucose in the Pasteur mechanism. 

As tar as the glucose metabolism of the mammalian tissues here * 

Meyerhof cycle is connected mainly or wholly with the 

he did not make use of anv tis^eln,^ ul? to decide *his question, since 
absence of glucose in short experiments ^ respiratlon fall « appreciably in 

experimentseanlbe cmried out with yeast ceS^ W^f* 1 x°i equall 7 °° nvin <3ing 
yeast being obstructed (13 ,.,; ‘ ’ Wlthout the respiration of the 

intensified in the presence of lV 3 y lwr extei ?*i th ® aerobic fermentation is 
by yeast in 10~ 3 N ptJwI ^ ^ oc y&nide. The aerobic fermentation 

iwbfc sS on°° y 7t doe> ”* Il0 ”" r to™ of 

Of the mSeSZ Z A “I 1 !™ W0 "M provide a crucial to* 
oxidation in this case it is mm 1 *! + ^ ermenta ^ on and carbohydrate 
phenylhydrazine using’ ethvl K P ° S< yi t0 j epe f t tIlG observations made with 
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Summary. 

The action of phenylkydrazine and some allied substances on the metabolism 
of surviving tissues has been investigated. Phenylkydrazine, in low concentra- 
tion, is without action on the anaerobic glycolysis of animal tissues or on the 
anaerobic fermentation of yeast. On the other hand, in the presence of oxygen, 
it causes the aerobic lactic acid formation of a wide range of animal tissues and 
the aerobic fermentation of baker’s yeast to rise to a value near or equal to that 
of the same cells anaerobically. The effect of the same treatment on the respira- 
tion is described, and it is found that the tissues which are dependent on the 
oxidation of glucose (or lactate) for then* continued respiration undergo a pro- 
gressive fall of respiration after treatment. Baker’s yeast also belongs to this 
class of cell. However, the majority of animal tissues are not so dependent, and 
their respiration is much less obviously affected by phenylhydrazine. Tumour 
tissue (Jensen sarcoma) behaves similarly to this group of normal cells, and its 
already high aerobic glycolysis is caused by this treatment to rise to the anaerobic 
value. The bearing of these observations on the nature of the Pasteur reaction 
is discussed. 
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It has long been recognised that egg-yolk and milk contain somewhat shnihn 

dinwT' ? P art . lcu a, '. f : hetW0 P b °sphoproteins, caseinogen and lecitho-vitellin 
show a certain similarity m constitution and properties, though the latter i< 

KaWlV^rt Pe 1 °fw C ? nt / n i ° f ^ and c °PP er ‘ For sample Rimington and 
Kh 7 126 i^ d that h . ydrol y sis of caseinogen with 1 % sodium hydroxide 
liberated all the organically bound phosphorus of the protein as inorganic 

actio??] o/1r r working with lecitho-vitellin, showed that the 

co^^^e^SO^^oLtbe' 68 ^ 11 GC ^i ^ 16 form , ation of an acid-insoluble material 
wbileX g a ?a /o i m f Uml mtr °g en ’ only a trace of phosphorus and no iron 
while the acid-soluble products were rich in both iron and phosphorus 

1S avaiIabIe with re gard to the action of enzymes on 
leeitho-vitellm. Miescher [1870] observed that an insoluble material separated 

Z&XStfX? of ^T olk - Tki8 “ s ■“^3? 

nature of tbis^hrw + xt contailied iron in organic combination. The 

Mor?fI905 l^lSfert 1 !* !t , wa f at l died in gr eater detail by Hugounenq and 

that the 1 so cahVd’^l 90 ] ? 1 f by , Poste mak [1927], whose results indicated 
tnat the so-called haematogen might not be a pure compound These invest! 

gations were however carried out before the separate preparation of Hvefc the 

* The P enzvmi°i J!? F Y Kay and ? Iarsha11 [1928; see also Plimmer 1908], 
investigated ^L S3? ge °^ asem °g en bas > on ^ other hand, been extensively 

and H?lter ^ [1927 > Rimington and Kay [1926] 

na Hotter et cd. [1932], on the products of enzymic hydrolysis of casehioo-en 

h»™ considerable light on the structure of the JSnST, m„1S S 

rigom le ^ nz ^™ c hydrolysis has been further studied by Stirling and Wishart 
br SLt auSTf »ell.defi»ed diferences in the rligestionVoasetoog"; 

follows* ^ r ypsm- unase. Briefly summarised these differences were as 

acid-sote^ ■— ‘-an 

libe»t£lTmtTdT“w S “''f r T hedeatly “ di «“* i »>>(P“»“»-Wyl>y»e 

insoluble residue preserved approximately this ratio throughout a prolonged 

1 Carnegie Research Mow. 
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period even though, it was considerably diminished in amount by further hydro- 
lysis. In the later stages of digestion, however, the N/P ratio fell slowly as a 
result of the liberation of a nitrogen-rich material. It was suggested that the 
final acid-insoluble residue might be identical with Linderstrom-Lang’s [Holter 
et ah, 1932] “paranuclein,” with a N/P ratio of 8. 

3. With trypsin the course of the digestion was entirely different. There was 
a rapid preferential liberation of acid-soluble phosphorus, so that the N/P ratio 
of the insoluble residue rose progressively until, under suitable conditions, it 
reached infinity. At this stage 30 % of the nitrogen still remained acid-insoluble. 

On the basis of these findings it was suggested by Stirling and Wishart that 
trypsin breaks down peptide linkages in proximity to the phosphorus atoms, the 
resultant phosphorus- containing cleavage products being of small molecular size. 
On the other hand, the initial peptic rupture occurs at linkages remote from the 
phosphorus atoms, the phosphorus- containing cleavage products being of much 
greater molecular dimensions and therefore insoluble in trichloroacetic acid. 

It appeared from the results of these experiments that the same method of 
attack might be usefully employed in elucidating the structure of lecitho- 
vitellin. 

Experimental. 

Preparation of lecitho-vitellin . 

The intact yolks of 24 eggs were washed in running water and finally in 
0*9 % NaCl until free from egg-white. The yolk membrane was punctured and 
the contents, without membrane and chalazae, mixed with an equal volume of 
10 % NaCl and extracted with an equal volume of ether in a mechanical shaker. 
Extraction was repeated until the ether was colourless and no qualitative test 
for lecithin could be obtained. Usually 6 or 7 thorough extractions -were re- 
quired, each with an amount of ether equal to the volume of the egg-yolk 
solution. The saline solution was poured into 20 volumes of distilled water and, 
after standing overnight, the supernatant liquid was siphoned off from the white 
protein precipitate. The precipitate was centrifuged and dissolved in 10 % NaCl ; 
the solution was then filtered and poured into 20 volumes of water. The dis- 
solution and precipitation were repeated, the precipitate being washed well with 
water before centrifuging for the last time. The protein was extracted with cold 
80 % and then 97 % ethyl alcohol for 3 hours each and the residue filtered off, 
washed with absolute alcohol, ether and finally toluene. The resulting protein was 
easily friable and passed through a 60-mesh sieve. 

Two such preparations of lecitho-vitellin were made, identical procedures 
being followed. The method given differs in two respects from those recorded in 
the literature : (1) the use of cold ethyl alcohol in the final lipoid extraction; and 
(2) the addition of toluene after ether as a dehydrating agent (recommended by 
Van Slyke [1923] for caseinogen). The two products were alike in appearance and 
general behaviour. Analysis gave the following results: 


% dry weight 


Moisture 

Nitrogen 

Phosphorus 

Ash 


I 

II 

0/ 

/o 

OJ 
/ 0 

22*42 

23*9 

15*78 

16*78 

0*83 

1*03 

2*20 

2-3S 


These show very fair agreement with the analyses of Osborne and Campbell 
[1900] and Calvery and White [1930]. 
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It is stated that pure vitellin is insoluble in water and almost imnlnM Q • 
^ute alkah; vitellin in loose combination with lecithin is relatively soluble 1 

Thnn^ e - ab Ttn i ? ara ^ 10nS Were Soluble U P t0 1 % in approximately J//40 KOH 

Though insoluble directly m acid, an acid solution could readilv be obtained i ’ 
the adffition of acid to the original alkaline solution. Sbl S 
pieparations at first suggested that they still contained considerable quantities 
of lecithin, but extraction of the protein with boiling ethyl alcohol showed that 
the lecithin content could not be more than 2 %. " ' 

Were begun With preparation f but unfortunately this did not 
suffice for all the experiments, and for some of the later experiments the second 
preparation had to be used. A determination of the N/P ratio of the substrate 
soffitmn was however made during each experiment, and these figures are recorded 
m the tables In evaluating the changes of N/P ratio which occur durum the 
this^atio eaCil dlgeStl ° n ’ due conside ration must be given to the initial value of 

Vitellin solutions. In making solutions of the protein for the enzvmio Wi™ 
lyses we adopted the following method. A weighed quantity (about of 

vitellin was rubbed up to a smooth paste with a little water further ^ 

then added to a total volume of about 50 ml . ; 2-5 ml M KOH per a- of 

ZZ h wf ded Sl0Wly and tlie rubbin § »p continued fntf the JepalSn 

which first became viscous, again liquefied. The total volume was now made up 

The pei g ' and the solution centrifuged after standing overnight 

The supernatant hquid was used for the digestion exnerimcnf i +• ® ’ 

obtained had p H approximately 9 and, when added to the buffi of n 8 8 foTthe 
trypsm experiments, did not materially alter the of the latter Po? thl 1“ 

:=ri4 p r termined ? uantity ° f Ar hci was *w*d £ 4Si 

tion B ffi!n aioffi' ?*! t0 prepare Solutions of bi § her concentra- 
Smtents offh! /o ‘ Thl ™ unfortunate since the nitrogen and phosphorus 

E 

tinzyme solutions. Solutions of B D H trvnsiu -r tut 
T he concentration of 0-75 % was chosen aftm* B pepsm were used - 

with trypsm and one with 7 ° “ , cari > m g out 2 experiments, one 

saved thereby m i g ht be .tilled fot fcT.CTi^' 

Procedure . 

Wishart, ^1932^ except that thTd^T?? “ th ® previous paper [Stirling and 
strate °~ n stained 8 ml. of sub- 

respectively A large numW of . buffer instead of 5 ml. and 4 ml. 

P iy. A large number of experiments were carried out in which the time- 
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Table Ia. Trypsin-kinase ( 7-5 mg. in 10 ml. solution). 




Exp. no. 


5 

6 




Total N (mg. per 10 ml. sol.) 

11*61 

5*68 




Total P (mg. per 10 ml. sol.) 

0*538 

0*348 




Exp. 5 



Exp. 6 




Acid-sol. N 

-A. .. 

Acid-sol. P 

A 

Acid-sol, N 

A 

Acid-sol. P 


Amount 

%°f 

Amount 

% of 

Amount 

-4 r ,v - 

% of Amount 

% of" 

Time 

mg. 

total 

mg. 

total 

mg. 

total 

mg. 

total 

10 mins. 

0-53 

4*6 

0*059 

11*0 

0*43 

7-6 

0*055 

15*8 

20 mins. 

0-97 

8*3 

0*095 

17*7 

0*69 

12*1 

0*084 

24*1 

30 mins. 

1*35 

11*6 

0*119 

22*1 

0*88 

15*5 

0*097 

27*8 

40 mins. 

1*58 

13*6 

0*126 

23*4 

1*13 

20*0 

0*111 

31*8 

50 mins. 

1*98 

17*0 

0*149 

27*6 

1*32 

23*2 

0*114 

32*7 

60 mins. 

2*17 

18*7 

0*173 

32*1 

1*50 

26*4 

0*093 

26*6 

2 hrs. 

3*14 

27*0 

0*221 

41*0 

1*95 

34*2 

0*150 

43*0 

3 hrs. 

3*91 

33*7 

0*238 

44*2 

2*27 

39*9 

0*162 

46*4 

4 hrs. 

4*54 

39*1 

— 

— 

2*65 

46*6 

0*188 

54*0 

5 hrs. 

5*08 

43*8 

0*255 

47*2 

2*73 

48*0 

0*187 

53*6 

6 hrs. 

5*36 

46*2 

0*268 

49*9 

2*98 

52*5 

0*191 

54*7 

9 hrs. 

6*72 

57*9 

0*306 

57*0 

3*19 

56*2 

0*216 

62*0 

12 hrs. 

7*13 

61*4 

0*335 

62*0 

3*60 

63*3 

0*214 

61*2 

24 hrs. 

8*39 

72*3 

0*376 

70*0 

4*62 

81*3 

0*239 

68*5 


Table Ib. 

Pepsin (7-5 mg. per 10 ml. solution). 





Exp. no. 


8 

9 




Total N (mg. 

per 10 ml. sol.) 

5*31 

9*82 




Total P (mg. 

per 10 ml. sol.) 

0*237 

0-460 




Exp. 8 



Exp. 9 




Acid-sol. N 

A 

Acid-sol. P 

A 

Acid-sol. N 

A 

Acid-sol. P 


r 

Amount 

% of 

Amount 

% of 

Amount 

■4 r ^ 

% of Amount 

% of 

Time 

mg- 

total 

mg. 

total 

mg. 

total 

mg. 

total 

10 mins. 

1*89 

35*6 

0*039 

16*4 

2*46 

25*0 





20 mins. 

2*63 

49*6 

0*058 

24*4 

3*55 

36*1 

0*072 

15*7 

30 mins. 

2*88 

54*4 

0*069 

29*0 

4*35 

44*3 

0*087 

18*9 

40 mins. 

3*02 

57*0 

0*074 

31*1 

4*78 

48*7 

0*016 

23*0 

50 mins. 

3*26 

61*5 

0*076 

31*9 

5*17 

52*7 

0*105 

22*8 

60 mins. 

3-37 

63*6 

0*072 

30*3 

5*44 

55*4 

0*113 

24*6 

2 hrs. 

3*44 

64*9 

0*065 

27*3 

6*28 

63*9 

0*123 

26*7 

3 hrs. 

3*86 

72*8 

0*058 

24*4 

6*50 

66*2 

0*128 

27*8 

4 hrs. 

3*99 

75*2 

0*083 

34*9 

6*84 

69*6 

0*129 

28*0 

5 hrs. 

4-12 

77*6 

0*071 

29*8 

6*94 

70*6 

0*133 

28*9 

6 hrs. 

4*21 

79*4 

0*063 

26*5 

7*15 

72*8 

0*131 

28*5 

9 hrs. 

4*21 

79*4 

0*063 

26*5 

7*41 

75*5 

0*129 

28*0 

*12 hrs. 

4-20 

79*2 

0*050 

21*0 

7*64 

77*8 

0*127 

27*6 

24 hrs. 

4*40 

82*8 

0*044 

18*5 

6*83 

69*5 

0*124 

27*0 




* 15 hrs. in exp. 

no. 8. 
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course of the digestion of various concentrations of substrate bv 0-75 °/ Ptl7Vm „ 
was followed Of these, 2 experiments for each enzyme are given in Tables I 4 
(trypsin) and Is (pepsin) Graphs are also given for 1 experiment with each 
enzyme (Pigs. 1 and 2). The nitrogen-phosphorus ratios of the acid-soluble and 
and IIb° U ' ° matella eac ^ sta S e kn these experiments are given in Tables II a 


N 


Time 
10 mins. 
20 mins. 
30 mins. 
40 mins. 
50 mins. 
60 mins. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

6 hrs. 

9 hrs. 

12 hrs. 

24 hrs. 


Table Ha. N : P ratios. 

Exp. no. 5 

: P ratio of original substrate 21*6 

Exp. 


Acid-sol. 

9-1 

10-2 

11*3 

12-6 

13- 2 
12-6 

14- 2 
16-5 

19-9 

20*0 

22-0 

21-2 

22*1 


Acid-insol. 

23*2 

24*1 

24*6 

24*4 

24*8 

25*8 

26*7 

25*7 

23*1 

23*2 

21*1 

22*0 

19*9 


Acid-sol. 

7*9 

8*1 

9*1 

10*2 

1.1*5 

16*1 

13*0 

14*0 

14*1 

14*6 

15*6 

14*8 

16*8 

19*4 


0 

16*4 

Exp. 


Time 
10 mins. 
20 mins. 
30 mins. 
40 mins. 
50 mins. 
60 mins. 

2 hrs. 

3 hrs. 

4 hrs. 

5 hrs. 

6 hrs. 

9 hrs. 

*12 hrs. 


Table II b. N . 

Exp. no. 

N * P ratio of original substrate 
Exp. 8 


Acid-insol. 
18*0 
19*0 
19*2 
19*2 
18*7 
16*4 
18*9 
18*4 
18*9 
18*4 
17*2 
18*8 
15*6 
9*8 


P ratios. 

8 

22*4 


21*5 
Exp. 9 


Acid-sol. Acid-insol. 


16*1 

14*6 

14*2 

13*1 

12*6 

10*5 

10*0 

9*0 

8*8 

8*1 

7*3 

6*5 


Acid-sol. Acid-insol. 

48*6 17*1 __ 

45*5 15*0 49*4 

14*4 50*0 

40*9 14*0 45*1 

43-1 12-7 49-3 

46-8 11-7 48-3 

02-8 10-8 51-0 

66-6 8-1 50-9 

48-0 8-5 52-9 

58-0 7-4 52-? 

66-8 6-3 54-5 

66-8 6-3 57-5 

84-0 5-9 60-2 

* 15 hrs. in exp. no. 8. 

Tables IIIa and III b show the results obtained when the same substrate 

vSviT from d 100 t6d 7 1 Umf ° m peri ° d ° f 2 llours with e ^yme concentrations 
vaiymg irom 100 mg. to 1 mg. per 10 ml. 

In addition to these, a third type of experiment was carried out which has 

no parallel m the previous paper. The production of an insoluble precipitate 

peptkXests We a r d ? aemato ^ n ’” by Bun § e ’ was a striking feature of the 
peptic digests. We therefore carried out a series of digestions with enzvme 

concentrations of 100 mg. and 20 mg. of pepsin per 10 ml. in which no trichloro- 
acetic acid was added, but the insoluble material was quickly filtered off and the 

reYordiTthe resuffTof tV C ° ntents ° f tIle filtrat e were examined. Table IV a 
“ ha + results of this experiment and shows the early formation of this 

TabkTVB^o ^ its ^ remarkable resistance to peptic hydrolysis. 

«periie"t -togm-ptapto™ ratios for filtrate Li re^due 


ENZYMIC HYDROLYSIS OF LECITHO-YITELLIN 

Table III a. Effect of varying trypsin concentration . 

Total N 8*95 mg. per 10 ml. 

Total P 0-579 mg. per 10 ml. 

N : P ratio of original substrate 15*5 

Time of incubation 2 hours. AT -r. , . 


N : P ratio 


Trypsin (mg. 
per 10 ml. sol.) 

50 


Acid-sol. N as 
% of total N 


Acid-sol. P as 
% of total P 

61-8 

58-2 

40-6 

38-2 

34-5 

19-3 


Acid-sol. 

material 

20-6 

19*8 

21*6 

16*5 

14-4 

12*0 


Acid- insol. 
material 


Table Ills. Effect of varying pepsin concentration . 

Total N 11*10 mg. per 10 ml. 

Total P 0*577 mg. per 10 ml. 

N : P ratio of original substrate 19*2 

Time of incubation 2 hours. AT ,. 

N : P ratio 


Pepsin ( 

mg. Acid-sol. N as 

Acid-sol. P as 

( 

Acid-sol. 

Acid-insol. 

per 10 ml. sol.) % of total N 

% of total P 

material 

material 

100 

77*8 

38*1 

39*3 

6*9 

50 

77*2 

32*2 

46*1 

6*5 

25 

74*7 

30*7 

46*7 

7-0 

10 

69*7 

30*1 

44*5 

8-3 

5 

61*3 

29*2 

40*3 

10-5 

1 

34*3 

15*9 

41*4 

15-0 



Table IV a 




Exp. no. 


10 

11 


Total N (mg. per 10 ml.) 

8*08 

8*08 


Total P (mg. per 10 ml.) 

0*501 

0*501 


Enzyme cone. 

100 mg. 20 mg. 



Composition of filtrate 

A 



Time % N 

o/ p 
/o 1 

%N 

Of p 

/o 1 


1 hr. 86*5 

25*5 

80*0 

19*9 


2 hrs. 86*1 

27*5 

79*3 

22*4 


3 hrs. — 

— 

78*5 

22*8 


4 hrs. — 

— 

79*8 

22*8 


9 hrs. — 

— 

82*7 

25*3 


24 hrs. — 

— 

87*8 

27-2 


Table IVb. N: 

P ratios of filtrate and residue . 


Exp. no. 


10 

11 


N : P ratio of original substrate 

16*1 

16*1 


Enzyme cone. 


100 mg. 

20 mg. 



N : P ratio of 


Time (hrs.) Filtrate 

Residue 

Filtrate 

Residue 


1 54*5 

2*9 

64*7 

4*0 


2 50*3 

3*1 

57*1 

4*3 


g 

— 

55*5 

4*5 


.4 — 

— 

56*3 

4*25 


9 — 

— 

52*6 

3*7 


24 — 

— 

52*1 

2*7 
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Discussion. 

^ certam P 0 ^ of resemblance between the experiments now re 

ported and those recorded by Stirling and Wishart [1932], but the resemblance t 
not complete— a circumstance which may be ascribed to the apparently m-eater 
complexity of the lecitho-vitellin molecule. i y “ tr 

As with caseinogen, the first step in the degradation of the protein bv either 
enzyme does not yield products which are completely soluble in trichloroacetfr 
acid. This is emdent from the N/P ratios of the earlier stages in Tables II a and 
II b and it confirms the criticism, made in the previous paper, concerning exneri 
ments on the kinetics of enzyme action which are based on the assumption that 
trichloroacetic acid precipitates only the unattacked substrate. 

As with caseinogen there is a preferential liberation of acid-soluble phosphorus 
m tryptic digests and of acid-soluble mtrogen in peptic hydrolysis. With trypsin 
however the resemblance is only superficial. With the lower concentrations of 
caseinogen substrate, all the phosphorus was rendered acid-soluble, so that the 
nitrogen-phosphorus ratio of the acid-insoluble material gradually rose to infinity 
In the present experiments (Table I a) the preferential liberation of phosphorus 
by trypsin ceases when about half of the nitrogen and phosphorus have been 
rendered amd-solubk, and thereafter the nitrogen liberation may even gain on 

Kl TIT 6 pboSph ™. A s ™ ilar condition is revealed in the results shown in 
table IIIa, where the time oi reaction was kept constant, and the enzyme con- 
centration was varied. With the lower enzyme concentrations more phosphorus 
an m rogen was rendered acid-soluble ; with concentrations which would 
liberate about 40 / 0 of the total nitrogen the percentage liberations of nitrogen 
cii p osphorus were equal; while, with the stronger enzyme concentrations 
there was a relatively greater liberation of acid-soluble nitrogen 

it is also noteworthy that in none of the experiments with lecitho-vitellin 
lowever prolonged the digestion, or however strong the enzyme concentration’ 

nitrogen and^fVV ° f m ° re tban about 80 % ofthe tot ^ 

trogen and 70 ^ of the total phosphorus of the substrate. 

ihe results of Stirling and Wishart [1932] on caseinogen were explicable on 

theassumption that the phosphorus of caseinogen was concentrated in one 

vitehin 6 toa^f s’ gr °^ The re ? ults of tbe time-course experiments on lecitho- 

will not holffrh rB -fif ma f bydrolysis ’ sll SS est such a hypothesis 

i ° ld ®? r lecittL0 “Vitelhn, and that there must be at least two phosphoric 

and theTther b 6 ° ne having similar P ro P er ties to that of caseinogen 

and the other being highly resistant to tryptic hydrolysis. 

rl th ®. pept j c digestions, Tables Ib and ills show that there is a 
St ^V lbe ^ 10n ° f aoid - soluble nitrogen. In Tables IV a and IVb it may 
festL rirt !b ei J zyme concentration of 20 mg., the shorter periods of 
digestion result m the formation of an insoluble material or “haematoaen” 
embodying about 20 % of the original nitrogen and 77 % of the original nhos 

4 horns in^ The ^!L Pe] hy6xo } ym since ** remains unchanged for at least 
tkeninth an K f T ^ CnZyme infiltration. Indeed, it is only at 
dSSttoSS? 0VX i h h T: S t this enzyme concentration that further 
as TablSvflh haematogen/’ is observed. The change is however shght and, 

the strono-er m mtr ogen sfightly more than the phosphorus. With 

the stronger enzyme concentration degradation is more rapid 

pro^te wem L t0 8 + and9 (TabIes lB and IlB )> “ which the cleavage 

P parated by trichloroacetic acid, it appears that “haematogen” 


/ 
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is acid-msoiu Die— a tact which we have confirmed directly — and that digestion 
is confined mainly to the non-haematogen portion, proceeding towards the 
attainment of a N/P ratio in the acid-insoluble material approximating to that of 
the insoluble material of Tables IV a and b. (The ratios are not identical, but due 
weight must be given to the fact that in Table IV b the N/P ratio of the original 
substrate is 16, while in Table IIb, it approximates to 21.) 

In the digestion of the non-haematogen portion the liberation of the phos- 
phorus of this fraction in acid-soluble form is more rapid than that of the nitrogen 
of the same fraction. This can be brought out by expressing the amounts of acid- 
soluble nitrogen and phosphorus, say in Exp. 9 (Table Ib), not as percentages 
of the total nitrogen and phosphorus, but as percentages of the non-haematogen 
nitrogen and phosphorus, these being taken as 7-64 mg. and 0-13 mg. respectively. 
The results are as follows : 


Experiment No. 9. To show relative rates of liberation of phosphorus and 
nitrogen from the non-haematogen portion. 

Total non - haem at ogen - n itrogen assumed to be 7* 61 mg. 

Total non-haematogen-phosphorus assumed to be 0*130 mg. 

Aeid-sol. N as % of total Acid-sol. P as % of total 

Time non-haematogen-N non-haematogen-P 

10 mins. 32*2 — 

20 mins. 46*4 55*6 

30 mins. 56*8 67*0 

40 mins. 62 *6 81*6 

50 mins. 67*6 80*8 

60 mins. 71*1 87*0 

2 hrs. 82*0 94*8 

3 hrs. 85*1 98-5 

4 hrs. 89*8 99*1 

5 hrs. 91*0 104*0 

6 hrs. 93*6 101*0 


These observations seem to allow us to envisage at least 4 stages in the 
peptic digestion of lecitho-viteilin, which, although occurring for the most part 
simultaneously, may be thus separately described. First, a cleavage of the 
protein molecule into 2 fractions, one containing 80 % of the original nitrogen 
and 23 % of the phosphorus, and the other being “haematogen.” Second, in 
the nitrogen-rich fraction, disruption of peptide linkages close to its phosphorus 
group leads to the rapid liberation of all this phosphorus in acid-soluble form, 
leaving a residue which is entirely nitrogenous and still of sufficient complexity 
to be acid-insoluble. The third stage is the disruption of this nitrogenous 

Lecitho-viteilin 


Nitrogen-rich fraction 
23 % P; 80 % N 


Haematogen 


Slow digestion to 
acid-soluble com- 
ponents 


Acid-soluble 
fraction con- 
taining all P 


Acid-insoluble 
fraction solely 
nitrogenous 


Acid-soluble fractions 


Biochem. 1934 xxvm 


snail 
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residue into acid-soluble fractions. Finally there is the very slow and feeble 
digestion of the “haematogen” portion of which we have but slight evidence 
This series of reactions is shown concisely in the diagram (p. 557). 

It is evident that such a conception of the process of peptic digestion requires 
the presence of at least two widely separated or dissimilar phosphoric comnlexes 
m the vitellin molecule. This assumption is in accordance with the observations 
on tryptic digestion already discussed. 

In this connection it is interesting to note that in trvptic digestion only 70 °/ 
of the protein-phosphorus could be rendered acid-soluble, whilst in peptic dio-es° 
tion a somewhat similar amount (77 %) of the phosphorus remained acid' 
insoluble as the haematogen” fraction and was highly resistant to further 
peptic digestion. One might be tempted to assume identity between these 
fractions. Such an assumption seems however to be unwarranted in view of 
Posternak’s [1927] preparation from the digestion of the residue from ether 
extraction of egg-yolk of a fraction rich in both phosphorus and iron which is 
highly resistant to both peptic and tryptic actions. 

Summary. 

The action of trypsin-kinase and pepsin on lecitho-vitellin has been studied 
Products are formed which are not completely soluble in trichloroacetic acid.' 
With pepsin the rate of liberation of acid-soluble nitrogen is greater than that of 
acid-soluble phosphorus, and the production of “haematogen” with a N/P ratio 
of 4-25 is a striking feature of these digests. 

With trypsin the rate of liberation of acid-soluble phosphorus relative to that 
ot acid-soluble nitrogen has been shown to depend on the enzyme concentration 
employed. The maximum of hydrolysis is reached, however, at all concentrations 
at 80 % ol the total nitrogen and 70 % of the total phosphorus. 

It is considered that the vitellin molecule must contain at least two widely 
separated or dissimilar phosphoric complexes, one being highly resistant to 
enzymic attack. 
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LXXIX, STUDIES IN THE BIOCHEMISTRY 
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It has been previously shown [Charles 1933] that the mycelium of Hehnintho- 

sporium gramineum Rabenhorst, when grown on a synthetic medium containing 
glucose as the sole source of carbon, contains surprisingly large amounts (30 %) of 
hydroxyanthraquinon.es, consisting of a mixture of helminthosporin, C 15 H 10 O 5 (I), 
and hydroxyisohehninthosporin, C 15 H 10 Q 6 (III), approximately in the proportion 
of two to three parts of the former to one part of the latter. Further, we have 
shown [1933, 1] that the mycelium of H. cynodontis Marignoni and H. euchlaenae 
Zimmermann, when grown under the same conditions, contains in each case a 
third new hydrox^vanthraquinone, cynodontin, C 15 H 10 O 6 (II). This hydroxy- 
anthraquinone is the only one produced by H. euchlaenae , but it is accompanied 
in the case of H. cynodontis by small amounts of helminthosporin (I) . 

These observations have now been extended to many different species and 
strains of Helminthosporium , about 40 in all, most of which were obtained from 
the Centraalbureau voor Schimmelcultures, Baarn, Holland. While this further 
work has resulted in the discovery of only one hitherto undescribed hydroxy- 
anthraquinone, it has led to a number of interesting observations which are 
recorded in this paper; numbers of the species examined gave no trace of 
hydroxyanthraquinones, but some of them gave considerable yields of one or 
more of the above-mentioned hydroxyanthraquinones. 

The procedure followed was to grow the chosen species on a Czapek-Dox 
solution, filter off and dry the mycelium and extract it with a suitable solvent, 
e.g. chloroform or acetone. Under these conditions the results described have 
been obtained with the following species : 

(a) H. catenarimn Drechsler. Considerable yields of hydroxywhelmintho- 
sporin (III) in an almost pure condition were isolated, and hence it is proposed 
to change the name of this hydroxyanthraquinone from that previously given 
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it to catenarin (III). H. catenarium was originally described by Drechsler [19231 
who isolated it from wood reed grass (China arundinacea L.) occurring near 
Brookline, New York, on the northern coast of Long Island. Drechsler wave 
the name H. catenarium to the species “because of its tendency toward* 3 the 
formation of chains of spores in nature as well as in pure culture.” 

(6) H. tritici-vulgaris Nisikado. Considerable yields of catenarin (III), to- 
gether with smaller amounts of the new metabolic product tritisporin (see below) 
and helminthosporin (I) were isolated. Nisikado [1929, 1, 2] isolated and de- 
scribed H. tritici-vulgaris from diseased wheat ( Triticum vulgare Vill.). This 
organism produces on wheat leaves a yellow spot disease which is of fairly 
common occurrence in Japan. J 

(c) H. velutinum Link. The only hydroxyanthraquinone isolated from this 
species was catenarin (III), but the mycelium also contained appreciable amounts 
of ergosterol. H. velutinum Link was first described by Link as long ago as 1809 
and was found by him to be parasitic upon beech wood. 

(d) H. avenae Eidam. Cynodontin (II) was isolated in small amounts and 
in almost pure condition. It was accompanied by small amounts of ergosterol. 
H. avenae was described originally by Eidam [1891], who found this organism 
on, and causing leaf spot disease of, oats occurring in Silesia. The disease on 
oats caused by H. avenae is widely distributed, having been recorded from 
almost all parts of the world. 

Definite evidence was obtained by colour reactions of the production of 
hydroxyanthraquinones, although in amounts too small for isolation and identifi- 
cation, . by the following species of Helminthosporium, which are arranged 
approximately in the order of decreasing intensity of the colour reactions given : 
H. bnzae Nisikado, H. pedicellatum Henry, H. geniculatum Tracy and Earle, 
H. leptochloae Nisikado and Mke, H. teres Sacc., H.filicicola, P. Henn, H. toru- 
losurn (Syd.) Ashby, Ii.coicis Nisikado, H. gibberosporum Curzi and H. Yamadai 
Nisikado. 

No hydroxyanthraquinones could be detected by colour reactions from any 
oi the following species: II. setariae Sawada, II. interseminatum, Berk, and Rav., 
H. anomalum Abbott, H. monoceras Drechsler, H. sacchari Butler, II. sativum 
P.K. and B., H. nodulosum (B. and G.) Sacc., H. hurae P. Henn, H. oryzae Br 
de Haan, H. turcicum Passer, H. Kusanoi Nisikado, H. Leersii Atkinson 
H maydis Nisikado and Mke, H. panici-miliacei Nisikado, H. Ravenelii Curtis 
and H. zizaniae Nisikado. 

The results obtained point to an interesting correlation between the bio- 
chemical synthesis of hydroxyanthraquinones by species of Helminthosporium 
mid then morphological characteristics. Nisikado [1929, 2] divides the genus 
lielmmthosponuni into two sub-genera on morphological grounds, (1) sub-genus 
Mi-Helmiwthosporium, (2) sub-genus Cylindro-Helminthosporium. Although 
Nisikado did not examine all the species which we have worked upon, and hence 
any generalisation may be somewhat inaccurate, it is interesting to find that 
tour of those seven species of Helminthosporium which we have found to give 
good yiekls of hydroxyanthraquinones, i.e., H. gramineum, H. catenarium, 
H. tritici-vulgaris and H. avenae, are placed by Nisikado in the sub-genus 
C ylmdro- Helminthosporium . The other three species, II. cynodontis, H. euchlaenae 

E - wlutmum, were not examined by Nisikado. On the other hand, twelve 
ot the sixteen species giving entirely negative results, and four of the ten species 
which only give traces of hydroxyanthraquinones are placed by Nisikado in 
the sub-genus Eu- Helminthosporium. The remaining species were not examined 
by Nisikado with the exception of H. teres Sacc. which is placed by him in the 
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sub-genus Gylindro-Helminthosporium, and which we found to give only traces 
of hydroxyanthraquinones. 

The molecular constitutions of helminthosporin (I) and of cynodontin (II) have 
already been satisfactorily elucidated [1933, 1, 2], but that of catenarin (III), 
formerly known as hydroxy^ohelminthosporin, was left unsettled by previous 
work. Evidence is now presented, showing that catenarin must be a /Jhydroxy- 
methyl-1 : 4 : 5-trihydroxyanthraquinone having one of the formulae (if I), (IV) 
or (V). The evidence for this is briefly as follows. 
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Distillation of catenarin with zinc dnst yields /3-methylanthracene in rather 
small quantities — relatively less than helminthosporin. As has been previously 
reported [Charles et al. 9 1933], all efforts to oxidise the side- chain in catenarin 
acetate to carboxyl failed; in every case most of the starting material was 
recovered unchanged, the rest being completely destroyed. The oxidation of 
catenarin with concentrated nitric acid was also studied, but apart from a 
minute quantity of a brownish-yellow substance — apparently a tetranitro- 
catenarin — the only solid product which could be isolated was oxalic acid. The 
behaviour of catenarin towards such, oxidising agents as nitric acid and chromic 
anhydride is strongly reminiscent of that of morindone [Simonsen, 1918], which 
has been shown by synthesis [Jacobson and Adams, 1925; Bhattacharya and 
Simonsen, 1927] to be 1 : 5 : 6-trihydroxy-2-methylanthraquinone. Similarly, 
the methyl group in cynodontin acetate resists oxidation [Raistrick et al ., 
1933, 1], It is therefore reasonable to assume that catenarin contains a nuclear 
hydroxyl adjacent to a /3-methyl or /3-hydroxymethyl group. Further evidence 
for the structure of catenarin may be stated briefly as follows : 

(1) Catenarin is unaffected by heating for 8 hours at 100° with methyl iodide 
and sodium methoxide. Thus, despite its solubility in aqueous sodium carbonate, 
catenarin appears to contain no ^-hydroxyl groups, as these are methylated 
under such conditions. 

(2) Some support for the view that catenarin contains a hydroxymethyl 
group is afforded by the fact that its acetate, on heating with a saturated solu- 
tion of hydrogen bromide in acetic acid, yields a product containing bromine. 
As this product is not homogeneous and the bromine content is low, this evidence 
is inconclusive. 

(3) On oxidation with manganese dioxide and concentrated sulphuric acid, 
catenarin gives a hydroxycatenarin (VI), C 15 H 10 O 7 , which is but a feeble mordant 


|CH 2 0H 


CHoOH 
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dyestuff. Any anthraquinone derivative containing five nuclear hydroxvk k 
necessity a derivative of alizarin and it follows that hvdroxvcatenarin 
contain only four, and catenarin, consequently, only three, 
b roups. The colour oi its solution in concentrated sulphuric acid — blue' with' 
red fluorescence— taken in conjunction with its feeble dyeing properties 
that hydroxyeatenarin is probably a derivative of 

anthraquinone. Its production from catenarin in the manner described limi* 
the possible formulae for the latter substance to the three expreSot III IV 

(4) That catenarin, like helminthosporin and cynodontin. contains nuclear 
hydroxyls m the 1 : 4 : o-positions, is further borne out by the similarity of tho 
absorption curves of the three substances in concentrated sulphuric acid solution 



Fig. 1. I. Catenarin. II. Helminthosporin. III. Cynodontin. IV. Hydroxyeatenarin. 

beenSabk f?rTn?T^- ThiS substance ’ of ^ich only a small amount has 
i , investigation, appears to have the formula C H 0 • it haq 

been anatysed as its pyridine salt and as a penta-acetyl derivative 1 “ ’it k ofrly 

altWhSr fm Uff and ° ann0t be an alizarin derivative. Furthermore 7 
hf aS nl fl? SOlUb i e m aq , Ue0US Sodium carbonate, its acetate is insoluble 

On distills tkf tl0 +u S ' • Hel f 6 tbe substance does not contain a carboxyl group 
On distillation with zinc dust it affords j3-methvlanthracene g P ' 

of are similar to those 

P pared a substance which was undoubtedly 1 : 3 : 5 : 7-tetrahydr 0 xy-2 : 6- 
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dimethylanthraqiiinone (dimethylanthrachrysone) by the action of sulphuric 
acid at 100° on 2 : 6-dihydroxy-p-toluic acid. The 'product was sublimed in 
orange needles and gave a yellow non-fluorescent solution in acetic acid, an 
orange-yellow solution in aqueous sodium carbonate, a reddish orange solution 
hi aqueous sodium hydroxide and a deep cherry-red solution in sulphuric acid. 
This behaviour is very unlike that of tritisporin, and it is improbable that the 
latter can be a derivative of anthrachrysone. It seems that 1 : 3 : 6 : 8-tetra- 
hydroxyanthraquinone is unknown, but it would probably resemble anthra- 
chrysone, much as chrysazin resembles anthrarufin. 

For these reasons we consider that tritisporin is a derivative of 1:3:5 : 8- 
tetrahydroxyanthraquinone. It happens that a pure, analysed specimen of 
1 : 3 : 5 : 8-tetrahydroxy-2-methylanthraquinone (VII) was available (unpub- 
lished synthesis by Dr E. H. Charles-worth) and this was found to be generally 
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similar and yet somewhat different from tritisporin in its reactions. In fact the 
substance VII resembled catenarin more closely in respect of the colour of its 
solution in sulphuric acid. 

All the pigments isolated from species of Helminthospormm give fluorescent 
solutions in acetic acid, a property dependent on the quinizarin grouping. 
The differences existing between catenarin and VII on the one hand and 
tritisporin on the other suggest that catenarin should be represented by the 
formula III and one of the constitutions VIII or IX should be attributed to 
tritisporin. 


Experimental. 

A quantity of Czapek-Dox medium of the following composition was made 
up : glucose, 500 g. ; NaX0 3 , 2*0 g. ; KH 2 P0 4 , 1-0 g.; KC1, 05 g. ; MgS0 4 , 7H 2 0, 
0-5 g. ; FeS0 4 , 7H 2 0, 0*01 g. ; distilled water, 1000 ml. 350 ml. quantities of this 
medium were distributed in each of a number of 1 -litre conical flasks and 
sterilised. A measured quantity, previously determined, of sterile N sodium 
hydroxide solution was added to each flask to bring the p K of the medium 
to 8*0. Five flasks were then each sown with a suspension in sterile Czapek-Dox 
medium of a pure culture of the species of H elminthospori um under investiga- 
tion. The inoculated flasks were incubated at 24° for about 7 weeks, filtered, 
the mycelium dried in a vacuum-oven, ground to a fine pow r der and exhaustively 
extracted with chloroform in a Soxhlet apparatus. The chloroform extract w r as 
evaporated to dryness and portions of the dry extract were tested with strong 
sulphuric acid, aqueous sodium hydroxide solution, and concentrated ammonia. 
As mentioned in the introduction, a large number of species gave either entirely 
negative colour reactions, or where positive gave such small yields of hydroxy- 
anthraquinones as to render isolation impracticable. In these cases no further 
investigation was carried out. In a few cases however considerable yields of 
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hydroxyarithraqiiiTwiies were produced and these have been more exhaustively 
studied. The species chosen for further investigation were : * ^ 


(a) IL gramineum Rabenhorst. 

(b) H. cynodoniis Marignoni. 

(c) H. euchlaenae Zimmermann. 

(d) H. catenarmm Drechsler. 


(e) H. tritici-vulgaris Nisikado. 
(/) H. velutinum Link. 

(g) II. avenae Eidam. 


The results obtained with species (a), ( b ) and (c) have already been reported 

and those obtained with (d), (e), (/) and (g) form the subject of the present 
communication. picsent 

In each case the cultural conditions, methods of separation and isolation of 
the crude pigment were similar and were as follows: 100 one-litre conical flasks 
each containing 350 ml. Czapek-Dox medium, adjusted to p„ 8-0, were sown 
with the species under investigation and incubated at 24°. At the end of the 
incubation period the mycelium was filtered off, washed, pressed, dried in a 
vacuum-oven and ground to a fine powder in a coffee mill. The powdered 

muif fh™ r ® xtracte f m a iar S e metal Soxhlet apparatus with chloroform 
until the chloroform extracts were colourless. The extraction usually occupied 
severa! days, and a series of solid fractions separating from the chloroform was 

conteif ThtXa^ r/ ere ^ ™ ned for their hydroxyanthraquinone 
?vu c Moroform mother-liquors were evaporated to dryness and 
faeated with light petroleum, by which means a considerable quantity of “fat” 

follows a 6 6 expenmenta l details for each of the species examined are as 

(A) Helminthosporium catenarium Drechsler. 

P “ r0haaed from Baarn and had been received by them in 1929 from 
0 65 « n e 2rf m Beckmannia. Incubation period, 65 days. Residual glucose, 

* , 0 . The surface of the mycelmm was flame-coloured and slightly buckled with a ohocokf-A 
brown reverse. Weight of mycelium from 97 flasks, 204 g. The chloroform extolct ™ 
orange in colour and gave the following fractions: tlaCt WaS bnght 

(a) Fraction 1. First day’s extraction. Weight, 9-96 g.; m.p. 220-226°. 
y\ ^ raCt ! 0n 2> Second and third day’s extraction. Weight, 3-72 ar, M.r. 244-245° 

(c) Fraction 3. Fourth, fifth and sixth day’s extraction. Weight, 6-10 g • m p 193-905° 

S Pr fT 4 - Ex - “liquors fractions I, 2 and Slight, LsL m f ttlW 

ext2ed X bv a b T m ni! ^ pr ° Ved Ve ^ tedious ’ and hence the myeehum was now re-' 
extracted by boiling with a large volume of chloroform giving • 

(e) Fraction 5. Weight, 11-29 g.; m.p. 244-247°, and 

(/) Fraction 6. Weight, 9-30 g. ; m.p. 244-246°. ’ 

myJhl wIsSeKtlT e “ ed ’ “ d hence the incompletely extracted 

obtained^ ^'^raeted with a large volume of boiling acetone and there were thus 

(?) Fraction 7. Weight, 4-72 g. ; m.p. 238-241°, and 
(A) Fraction 8. Weight, 1-55 g„- m.p. 179-181°. 

Total weight of crude pigment, 48-99 g. 

There were also obtained from the light petroleum extract 16-10 g. of crude “fat.” 

phuric'add rdicated°?he ^ f t, Vari ° US fracti0ns on ^solution in oonc. sul- 
ofhydroxyi.sn]ic4mintliosnorhS i e p f sence ™ tile crude pigmented material 
teristic product of R f I ™ henceforth caP ed catenarin, as it is the charac- 

1 ”d 2 P S tf “ h03fOrin - °“ ‘ his &»<*»» 

sporin ; fractal “ » m “ aM q»»tity of hetamtho- 

fractions 4 and 8 are almost « +• i onta,ms 1 ^her more helminthosporin, whilst 
qs 4 ana 8 are almost entirely composed of this pigment. Fractions 5 and 6 
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consist of nearly pure catenarin, and fraction 7 is somewhat similar but contains 
a trace of helminthosporin. For the isolation of the two pigments in a pure 
state, fractions 4 and 5 were employed. 

Catenarin . The crude material was recrystallised from alcohol, when it formed 
red, slender plates containing alcohol of crystallisation which it lost slowly in 
air. It had m.p. 246° and agreed in all its properties with “ hydroxy^ohehnintho- 
sporin” (m.p. 246°) from H. gramineum ; a mixed m.p. with the latter substance 
showed no depression. (Found in material dried at 110°: C 63*1 • H 3-7 V . 
C 15 H 10 O 6 requires: C, 02-9; H, 3*5 %.) 

Catenarin acetate . The crude pigment was acetylated in the usual way with acetic 
anhydride containing a trace of concentrated sulphuric acid. After recrystallisa- 
tion from glacial acetic acid, the acetate was obtained as small lemon-yellow 
rods, m.p. 234-235° alone or mixed with “hydroxy^^ohelminthosporin 55 acetate 
(m.p. 234-235°). (Found: C, 61-1 ; H, 4*1 % . C 23 H 18 O 10 requires : C, 60*8 ; H, 4*0 % .) 

Isolation of helminthosporin . Helminthosporin acetate . The crude pigment, on 
acetylation with acetic anhydride containing a trace of concentrated sulphuric 
acicl, yielded an acetate, which, after three recrystallisations from glacial acetic 
acid, formed a mass of fluffy yellow needles" m.p. 225°. (Found: C, 63*6; 
H, 4*1 %. C 21 H 16 0 8 requires: C, 63*6; H, 4*0 %.) It had all the properties of 
helminthosporin acetate, and the mixed m.p. with this substance showed no 
depression. 

Helminthosporin . The above acetate was- hydrolysed by warming on the 
water-bath with 15 % sodium hydroxide during 90 minutes. The deep violet 
solution was acidified with hydrochloric acid and, after boiling for a few minutes 
to ensure coagulation, the red-brown precipitate was collected, washed with 
water, dried and twice recrystallised from pyridine. The product formed flat, 
maroon-coloured needles with a bronze lustre, m.p. 226-227°. (Found: C, 66*8; 
Uj 3*8 %. C 15 H 10 O 5 requires: C, 66*7; H, 3*7 %.) It had all the properties of 
helminthosporin (m.p. 226-227°), and showed no alteration in m.p. when mixed 
with a sample of the latter substance. 

(B) Helminthosporium tritici-vulgaris Nisikado. 

The culture used was purchased from Baam and was received by them in November 1929 
from Nisikado, strain number 285, who isolated it from diseased wheat, Triticmn vulgare. Incu- 
bation period, 39 days. Residual glucose, 0*88 % . The surface of the mycelium was bull- coloured, 
somewhat crumpled and with a chocolate-coloured reverse. Weight of mycelium from 100 flasks, 
204 g. 

The chloroform extract gave the following fractions: 

(a) Fraction I. Separating from the combined chloroform extracts after 6 days 5 extraction. 
Weight, 9*04 g.; m.p. 216-225°. 

(b) Fraction II. Separating from mother-liquors from fraction I after evaporation to low 
bulk. Weight, 0*30 g.; m.p. 152-176°. 

(c) Fraction III. The mother-liquors from fraction II were evaporated to dryness and ex- 
tracted with light petroleum giving an insoluble residue, fraction III, weight !■* 85 g.; m.p. 128-140°. 

Total weight of crude pigment, 11*19 g. 

There were also obtained from the light petroleum extract 39*3 g. of crude “fat.” 

Preliminary examination of the colours produced on dissolving samples of 
the three fractions in concentrated sulphuric acid indicated that fraction I 
probably consisted largely of catenarin, but the reddish tinge of the solution 
suggested that some other substance was also present ; fractions II and III gave 
red- violet solutions with weak red fluorescence and appeared to contain some 
helminthosporin. 
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The method of isolation of the pigments was the following : 

Fraction I was extracted with alcohol in a Soxhlet apparatus for about 
3 hours, after which time the liquid siphoning over became distinctly liohter in 
colour, and the extract was allowed to crystallise. A brownish material *(A) was 
left as unextracted residue. The reddish-brown crystals separating from the 
alcohol extract were ground and again extracted with alcohol in a Soxhlet the 
process being interrupted when a small amount (ca. 0-5 g.) remained in’ the 
thimble; this residue was combined with (A). The alcohol extract deposited on 
standing brownish -red plates (B). 

Isolation of tritisporin from (A). The crude material had an indefinite m.p. 
-o0-260° and contained appreciable quantities of a greyish impurity which was 
not readily removed by simple recrystallisation. Accordingly the crude sub 
stance was acetylated in the usual way with acetic anhydride containing a trace 
ot sulphuric acid, and after several recrystallisations from glacial acetic acid 
tritisporin acetate was obtained as a mass of very fine pale yellow needles 

C SWH J5y> ! S ** %: C ls H»0,(bAc) s require';: 

solution M ’ 3 ' 9 ° ' The Substance was “soluble m cold dilute sodium carbonate 

This acetate was hydrolysed by heating oil the water-bath with aqueous 
sodium hydroxide (15 %) during 90 minutes. The blue- violet solution was then 
acidified and boiled for a few minutes to coagulate the reddish-brown precipitate 
which was collected, washed with water and dried. The product was sparingly 
soluble m acetic acid and alcohol but the best solvent for recrystallisation was 
pyridine from which the tritisporin separated as long narrow reddish-brown 
plates with a bronze lustre, apparently as a pyridine salt. (Found: C, 63-6 ■ 
m’f' 0, d ' 8 /o- G i 5 H 10 O 7 .C 5 H 5 N requires: C, 63-0; H, 3-9; N, 3-7 %.)’ 

Tritisporin separates from alcohol or acetic acid in flat needles slightly 
browner m colour than the pyridine salt; it has m.p. 260-262° but the m p 

250° onwards* determin6 aecuratel y as considerable sublimation occurs from 

Very readily in cold sodium carbonate solution to a 
violet-red solution and m caustic soda to a blue-violet solution which is slowly 

J.Tr 13 ?, ! m - th f air - Its solutlon 1x1 concentrated sulphuric acid is reddish 
violet, redder in tone than catenarin solutions, and on addition of boric acid it 

be “ bIae m thl f la F ers and violet in thick layers. Solutions of tritisporin 
m acetic acid are salmon-pink with a yellowish green fluorescence. 

mS IS T ;(• To f f is P° rin - Tritisporin (120 mg.) was subjected in 
p s of 20 mg. to distillation with electrolytic zinc dust according to the 

men^wSdeno ?- Ua i° n m ? thod ° f K6gl [1924 ^ The P roduct °f each experi- 
ment was deposited m the cooler parts of the tube as a mass of yellowish leaflets 

ubes wtthTtS fl , U , 0rese 1 en + ? e - combined distillates were extracted from the 
tubes with ethei, the solution filtered and the ether removed on the water-bath 

' 10 n g ° T n ° W recr ystaUised from alcohol. After 
li SS i i was obtained as glittering almost colourless leaflets, 
mixed m w i-VT shoWed a11 the Properties of 2-methylanthracene. The 
was 90^wlqT th as P ecimen , of synthetic 2-methylanthracene (m.p. 203-204°) 

lated h^the rmrni nT” ^ ■' The crude brownish red material was acety- 

of sulphuric acid beatmg wdb acet i c anhydride containing a trace 

was o£ned as ;mtff T “crystallisations from acetic acid the acetate 

catenarinTcetai lemon -^ow rods, m.p. 234-235° alone or mixed with 
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The above acetate was hydrolysed by heating with aqueous sodium hydroxide 
(15 %) on the steam-bath during 90 minutes. The deep violet solution was 
acidified, boiled for a few minutes and the red-brown precipitate collected, 
washed with water, dried and recrystallised from alcohol. The recrystallised 
product formed slender red plates containing alcohol of crystallisation and had 
m.p. 246°. (Found in material dried at 110°: C, 63-0; H, 3-2%. C ls H 10 0 6 
requires: C, 62-9; H, 3-5 %.) It had all the properties of catenarin and the 
mixed m.p. with a specimen of the latter substance showed no depression. 

Preparation of helminthosporin acetate from fractions II and III. Fractions 
II and III showed a weak red fluorescence when dissolved in concentrated 
sulphuric acid, and the presence of helmmthosporin was suspected. As the 
quantity present appeared to be small, however, the direct isolation of helmin- 
* thosporin by crystallisation was deemed impracticable. Accordingly the com- 

bined material of the two fractions was extracted with alcohol for a short time 
to remove any readily soluble impurities and then acetylated in the usual way 
with acetic anhydride containing sulphuric acid. The yellow acetate was now 
separated into two portions by fractional crystallisation from acetic acid. The 
less soluble part, which consisted mainly of catenarin acetate, was discarded. 
The more soluble fraction which contained the helminthosporin acetate was 
subjected to repeated crystallisation from acetic acid, and a small amount was 
finally obtained in pale yellow fluffy needles, m.p. 224-225°, which had all the 
properties of helminthosporin acetate (m.p. 225°). The mixed m.p. with a sample 
of helminthosporin acetate was unchanged (a mixture with catenarin acetate 
melted at ca. 200°). 

The presence of helminthosporin in the products from H. tritici-vulgaris is 
thus demonstrated. 

Owing to unavoidable losses entailed in the separation of the three pigments 
r an accurate analysis cannot be submitted ; the coloured material from H. tritici- 

vulgaris is however estimated to consist of 75-80 % catenarin, 20-25 % triti- 
sporin and 2-4 % helminthosporin. 

Comparison of colours and fluorescences of solutions of various natural and 
synthetic pigments of the anthraquinone group in acetic acid. 


\ Quinizarin 

Alizarin 

; Anthrarufin 

Chrvsazin 

1 - Hydroxy anthraquinone 
Hydroxyanthrarufin 
Purpurin 
Emodin 
Morindone 

< 2-Methyl- 1 : 3 : o : 8-tetra- 

hydroxyanthraquinone 
Helminthosporin) 

Catenarin j 

Tritisporin 
Cynodontin ) 

Hydroxycatenarin [ 

it will be observed that fluorescence is characteristic of quinizarin derivatives. 

| 

(C) Helminthosporium velutinum Link. 

The culture used was purchased from Baarn, where it was isolated in July 1929 from Salix spec. 
Incubation period, 83 days. Residual glucose, 0-77 %. This species gave a thick, glutinous 
orange-red mycelium with an orange-red reverse. Weight of mycelium from 95 flasks, 297 g. 

«■ 


. 


Orange-yellow ; green fluorescence 

Orange-yellow; no fluorescence 

Yellow; no fluorescence 

Yellow; no fluorescence 

Pale yellow; no fluorescence 

Pure yellow; no fluorescence 

Deep orange-yellow; weak green fluorescence 

Greenish yellow; no fluorescence 

Yellow; no fluorescence 

Orange -yellow; strong green fluorescence 

Brighter orange-yellow, red shade in thin layers; 
green fluoresceiice 

Salmon-red; yellowish-green fluorescence 
Bluish red, crimson in thin layers; weak greenish 
yellow fluorescence 
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The chloroform extract, had an orange-red colour indistinguishable from that given by H. cate - 
narium, and gave the following fractions : 

(a) Fraction 1. Separating from the combined chloroform extracts after 6 days’ extraction. 
Weight, 11*88 g.; alp. 244-245°. 

(b) Fraction 2. Separating from mother-liquors from fraction 1 after evaporation to low bulk. 
Weight, 0*67 g.; m.p. 115-140°. 

(c) Fraction 3. The mother-liquors from fraction 2 were evaporated to dryness and 
extracted with light petroleum giving an insoluble residue, fraction 3, weight 2*13 g.; alp. 126- 
130°. 

Total weight of crude pigment, 14*68 g. 

There were also obtained from the light petroleum extract 64*9 g. of crude “fat.” 


Fractions 1 and 2 of the crude material dissolved in concentrated sulphuric 
acid to give solutions with the characteristic blue-purple colour shown by 
catenarin under these conditions. Fraction 3 was lighter in colour than the 
others, and its sulphuric acid solution was slightly redder and had a weak 
greenish fluorescence. Fraction 1 furnished, on recrystallisation from alcohol, 
catenarin, whose identity was established by analysis, m.p. and mixed m.p., 
and by preparation of its acetate. Fraction 3 contained a colourless substance, 
which was isolated and shown to be ergosterol (m.p., mixed m.p., colour reactions, 
and formation of acetate). The remainder of fraction 3, after removal of the 
ergosterol, consisted essentially of catenarin. 

Catenarin. Fraction 1 crystallised from alcohol in red, slender plates con- 
taining alcohol of crystallisation, which was lost slowly in air. It had m.p. 246°, 
alone or mixed with catenarin (m.p. 246°; from H. catenarium ), and showed all 
the properties of the latter. (Found in material dried at 110° : C, 63*0 ; H, 3-8 % . 
C 15 H 10 O 6 requires: C, 62-9; H, 3*5 %.) 

The above material, on acetylation with acetic anhydride containing a trace 
of concentrated sulphuric acid, yielded an acetate which crystallised from glacial 
acetic acid in small, lemon-yellow rods, m.p. 234-235°. The m.p. was not de- 
pressed by admixture with catenarin acetate. 

Examination of fraction 3. The material (2 g.) was extracted in a Soxhlet 
with light petroleum (b.p. 40-60°) during several hours. 

(A) Residue. The residue in the thimble was red in colour, and on heating 
softened about 200° and melted finally ca. 230°. On acetylation, followed by 
repeated re crystallisation of the product from acetic acid, it gave catenarin 
acetate, m.p. 234-235°. 

(B) Extract, The light orange-red light petroleum extract deposited, on 
cooling, a quantity of faintly pink crystals (0*5 g.). After several recrystalhsa- 
tions from alcohol this product was obtained as colourless, glittering leaflets, 
m.p. 161-162°. The mixed m.p. with an authentic specimen of ergosterol (m.p. 
160-161°) was 161°, and a comparison of the colour reactions (Salkowski, 
Tortelli-Jaffe, Liebermann-Burchard, Rosenheim) of the two specimens revealed 
no divergences. 

For further proof that the above product was indeed ergosterol, a portion 
of it (0*1 g.) was acetylated by boiling for one hour with acetic anhydride 
(0*5 ml.). On cooling, the acetate separated in glistening plates and, after 
recrystallisation from alcohol, had m.p. 178 - 179 °. 

The peculiar colour of the crude fraction 3 in sulphuric 'acid is explained by 
the presence of ergosterol. The colour could be artificially produced by adding 
ergosterol to solutions of catenarin in sulphuric acid. 
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(D) Eelminthosporium avenae Eidam. 

t The culture used was isolated in 1925 by Mr F. T. Brooks, School of Botany, Cambridge, from 

oats {Arena saliva L.) showing signs of leaf blight disease. As the yield of pigment given by this 
organism was very small, three separate experiments using a total of 252 flasks were carried out. 
The average incubation period was 12 weeks. The residual glucose varied from 0*05 to 0-40 %. 

; The mycelium of this species was greyish-white on the surface with a red- black reverse. The 

total weight of mycelium from 252 flasks was 941 g. The pigment was readily extracted with 
chloroform, and the chloroform extracts, which had a brilliant eosin-red colour reminiscent of 
cynodontin, were evaporated to moderate bulk and from this there separated: 

(a) Fraction 1. Weight, 3*60 g.; m.p. about 250°. 

(h) Fraction 2. The mother-liquors from fraction 1 were evaporated to low bulk, giving 
fraction 2, weight 1*92 g.; m.p. 245-260°. 

? (c) Fraction 3. The mother-liquors from fraction 2 were evaporated to dryness and extracted 

with cold light petroleum. The insoluble portion, representing fraction 3, weighed 0*66 g.; M.r. 
135-145°. 

Total weight of crude pigment from 252 flasks, 6*18 g. 

There was also obtained from the light petroleum solution a total weight of crude “fat” of 
165*9 g. 

Fractions 1 and 2, from their appearance, and the colour of their sulphuric 
acid solutions — pure blue with a red fluorescence — appeared to consist almost 
entirely of cynodontin or of hydroxy catenarin . The presence of the latter was 
however ruled out by the insolubility of the material in cold, aqueous sodium 
carbonate. Recrystallisation of the crude pigment from pyridine yielded cyno- 
dontin, identified by m.p., mixed m.p., and by preparation of its acetate. In 
order to verify that the colourless fraction 3 was indeed ergosterol, it was further 
purified and compared with an authentic specimen of the latter compound; its 
acetate was also prepared. 

Cynodontin . The crude material was recrystallised several times from pyri- 
dine, when it formed brown leaflets with a fine bronze lustre, m.p. 260°. (Found: 
C, 62*9; H, 3-4 %. C 15 H 10 Oe requires: C, 62*9; H, 3*5 %.) This product had all 
the properties of cynodontin, and its m.p. was not depressed on mixing with 
the latter substance. 

The above material, on acetylation with acetic anhydride containing a trace 
of concentrated sulphuric acid and recrystallisation from glacial acetic acid, 
gave an acetate forming bright yellow needles or rods, m.p. 224-225° alone or 
mixed with cynodontin acetate (m.p. 224-225°). 

Fraction 3 . Ergosterol . Recrystallisation of this, first from light petroleum, 
then from alcohol, gave colourless, glittering leaflets, m.p. 161-162°, showing 
no divergence in reactions from a specimen of ergosterol (mixed m.p., colour 
reactions of Salkowski, Tortefli-Jafie, Liebermann-Burchard, Rosenheim). On 
boiling with acetic anhydride for one hour, it gave an acetate crystallising from 
alcohol in colourless, glistening plates, m.p. 178-179°. . 

Further experiments with hydroxyisohelminthosporin [catenarin ) . 

It has been found that the m.p. of hydroxy^ohelminthosporin, previously 
given as 238° [Charles et at, 1933], can be raised to 246° by conversion into its 
acetate, followed by hydrolysis with 15 % sodium hydroxide and recrystallisa- 
tion from alcohol. (Found in material dried at 110° : C, 63*2 ; H, 3*3 % . C 15 H 10 0 6 
requires : C, 62*9 ; H, 3*5 % .) As this substance only occurs in very small 
amount in the products from H. gramineum , but is the main coloured product 
of H. catenarium , it has been re-named catenarin . 
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2-Methylanthracene from catenarin. Catenarin (0-5 g.) was distilled with zinc 
dust at a dull red heat in a current of hydrogen. 2-Methylanthracene was 
deposited in the cooler part of the tube as colourless leaflets with a green 
fluorescence ; the yield of product w T as low (total weight from three such experi- 
ments, 50 mg.). After recrystallisation from alcohol the substance had m.p. 200° 
and had all the properties recorded for 2-methylanthracene ; a mixture with the 
latter compound (m.p. 203-204°) had m.p. 202-203°. 

Oxidation of catenarin -with manganese dioxide and sulphuric acid. Preparation 
of hydroxycatenarin. Catenarin (2 g.) was dissolved in concentrated sulphuric 
acid (15 ml.) and finely powdered manganese dioxide (1*5 g.) added gradually 
with constant stirring, the temperature being maintained at 60-70°. After all 
had been added, the mixture was kept at 60-70° during a further 15 minutes 
and then poured into water. A brownish violet precipitate formed, which, on 
boiling for a short time with water, became dark brown by hydrolysis. The 
crude product was recrystallised from pyridine and was thus obtained as dark 
red-brown crystals. For further purification this material was converted into 
its acetate by boiling for a few minutes with acetic anhydride containing a trace 
of sillphuric acid. After four recrystallisations from glacial acetic acid hydroxy- 
catenarin acetate was obtained as small greenish -yellow rods, m.p. 233-234° 
(mixed m.p. with catenarin acetate, ca. 210-213°). (Found: C, 58*6; H, 4*0 %. 
C 25 H 20 O 12 requires: C, 58-6; H, 3*9 %.) Yield, 0*55 g. The above acetate (0*4 g.) 
was warmed on the water-bath for 90 minutes with 15 % sodium hydroxide 
solution (30 nil.), when it dissolved slowly to a deep blue solution. After acidi- 
fying with hydrochloric acid and boiling for a few minutes to coagulate the dark 
brown precipitate, the latter was collected and twice recrystallised from pyridine. 
It separated as small brownish leaflets with a bronze lustre ; on heating it under- 
went partial sublimation above 280° and melted at about 320°. (Found in 
material dried at 110° in a high vacuum over P 2 0 5 : C, 59*2 ; H, 3*5 % . C 15 H 10 O 7 
requires: C, 59*6; H, 3*3 %.) 

The crystals separating from pyridine solutions of hydroxycatenarin contain 
pyridine which is only partly lost on drying at room temperature. In appearance 
and in many of its properties hydroxycatenarin resembles cynodontin. Thus, it 
dissolves in concentrated sulphuric acid to a pure blue solution with a red 
fluorescence, and it possesses very feeble dyeing properties — much feebler than 
catenarin, although it is admittedly less soluble than the latter substance. This 
renders it highly probable that hydroxy catenarin is a derivative of 1 : 4 : 5 : 8- 
tetrahydroxyanthraquinone, while its fifth hydroxyl group must be in the 
side-chain, as it would otherwise be an alizarin derivative and consequently a 
powerful mordant dyestuff. In view of its properties hydroxycatenarin must 
be 1 :4:5:8-tetrahydroxy-2-(hydroxymethy3)anthraquinone (VI). 

Oxidation of catenarin with nitric acid. Catenarin (1*5 g.) was warmed on the 
water-bath with nitric acid (20 ml. sp. gr. 1*42). After the initial reaction had 
subsided the mixture was heated on a boiling water-bath till evolution of 
brown fumes had practically ceased, then evaporated to small bulk and 
poured into water, a slight brownish precipitate being formed. The mixture was 
filtered. 

Recrystallisation of the solid from acetic acid afforded fine brownish yellow 
needles (7 mg.) ; on heating the substance charred at about 250° without melting. 
It may be a tetranitro catenarin. (Found: N, 9*4%. C 15 H 6 0 14 N 4 requires: 
N, 9*9 %.) 

The only solid product which could be isolated from the filtrate was oxalic 
acid. 
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Attempted meihylation of catenarin with methyl iodide. Catenarin (04 g.) was 
heated at 100° for 8 hours in a sealed tube with methyl iodide (1 g.) and sodium 
methoxide (1 g. sodium dissolved in 10 ml. methyl alcohol). After cooling the 
contents of the tube were acidified and the red precipitate collected; it consisted 
entirely of unchanged catenarin. 

Action of hydrobromic acid on catenarin acetate. A mixture of catenarin 
acetate ( 0-5 g.) and a saturated solution of hydrobromic acid in acetic acid 
(15 ml.) was heated in a sealed tube at 100° during 8 hours. The contents of 
the tube, which were red in colour owing to hydrolysis, were poured into water, 
and after boiling for a few minutes to coagulate the precipitate the latter was 
collected and re crystallised from alcohol. The product had an indefinite m.p. 
215-220° and was clearly a mixture. (Found: Br, 6*3 %. C 15 H 9 0 5 Br requires: 
Br, 22*9 % .) It was found impossible to isolate a homogeneous bromo-compound 
from this product by crystallisation. In a second experiment an unsuccessful 
attempt was made to purify the crude reaction product by acetylation and 
fractional crystallisation of the acetate ; no definite separation was effected in 
six recrystallisations. 

Efforts to improve the method by varying the conditions met with no, success. 

Absorption spectra. 

The absorption of catenarin, hydroxycatenarin, helminthosporin 1 and cyno- 
dontin in the visible region of the spectrum is shown in Fig. 1 (p. 562) . The curves 
refer to solutions in concentrated sulphuric acid, the concentration in each ease 
being approximately 0*5 x 10“ 4 M. The close similarity of the curves in their 
essential features, indicates the close relationship existing between these com- 
pounds and may be regarded as strong support for the formulae advanced for 
catenarin and hydroxycatenarin . (The absorption spectra of 1 -methyl-3 : 5 :8- 
trihydroxyanthraqumone and the related 1:4: 6-trihydroxyantliraquinone 
described by Dimroth and Fick [ 1916 ] differ widely from any of those here 
described.) 

Summary. 

1. Hydroxyanthraquinones have been found to be produced by various 
species of Helminthosporium , in addition to those previously examined, when 
grown in a culture medium containing glucose as the sole source of carbon. 
The mycelium of Helminthosporium catenarimn Drechsler contains hydroxyiso- 
helminthosporin as the chief constituent of hydroxyanthraquinone nature. This 
substance is more appropriately named catenarin and its constitution as a 
j8- (hydroxymethyl) -1 : 5 : 8-trihydroxyanthraquinone is supported by its oxida- 
tion to a hydroxycatenarin closely resembling cynodontin (1 :4:5 :8-tetra- 
hydroxy-2-methylanthraquinone). 

2. Helminthosporium velutinum Link also produces catenarin but in this 
case the mycelium was found to contain appreciable amounts of ergosterol. 

1 Graves and Adams [1923] condensed 3 : 6-dimethoxyphthalic acid and m-cresol to a 
dimethoxyhydroxy-2-methylanthraquinone which was demethylated to a substance, m.p. 227°, 
described as 1 :5:8-trihydroxy-3-methylanthraquinone. The compound was obtained in small 
quantity and was not analysed. However, it should have been identical with helminthosporin, 
and through the courtesy of Prof. Adams, to whom we are greatly indebted, we have been able 
to compare the substance with natural and synthetic helminthosporin with the result that the 
three specimens have been found to be identical. Owing to the confusion caused by the different 
system of numbering, we overlooked this important work of Graves and Adams in our first 
communication on helminthosporin. 
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3. Helminthosporium avenae Eidam was found to produce cynodontin and 
ergosterol in small relative amount. 

4. Helminthosporium tritici-vulgaris ■ Nisikado yielded catenarin, a little 
lielmintliosporin and a new pentahydroxy-2-methylanthraquinone termed triti- 
sporin . The constitution of this substance is discussed and it is regarded as a 
1:3:5: 8-tetrahydroxy-6- (or 7-) (hydroxymethyl )anthraquinone. 

We desire to express our sincere thanks to Mr W. K. Anslow for much 
technical assistance during the preparation of the crude pigments. 
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LXXX, THE IRRADIATION OF A TURBOT 
VITAMIN A CONCENTRATE WITH HOMO- 
GENEOUS ULTRA-VIOLET RADIATION. 

By EUGENE BOYLE. 

From Sir Donald Currie Laboratories , Queen's University , Belfast. 

{Received March 1st , 1934.) 

The fact that concentrates of vitamin A may contain a chromogenic substance 
which under special conditions can be made to give rise to an increase in the Carr- 
Price units of the concentrate has been reported from time to time especially 
during the earlier work on the irradiation of vitamin A. Hawk [1929] and 
Norris and Church [1930] reported that exposure to air and light had this effect. 
Drummond [1930] however was unable to obtain similar results. Heilbron et al. 
[1931] found that in liver oils, which with the antimony trichloride test showed a 
preponderance of the 572 m/x chromogen over that of the 606 m/x, an increase in 
strength of the 606 m/x occurred after several months’ storage together with a 
small increase in strength of the extinction coefficient of the oils at 3 2 8 m/x. In 
the author’s work it lias been found possible with a turbot concentrate con- 
taining 60 % vitamin A to increase both the blue units and the absorption 
coefficient at 3 28 m fa above the data recorded for the purest vitamin A bv Carr 
and Jewell [1933]. 

Experimental. 

A Hilger E z all- quartz spectrometer with sector photometer and a condensed 
copper spark to supply the light source were used to determine the absorption 
spectra of the solutions used. An air-cooled quartz mercury vapour lamp was 
used as source of ultra-violet radiation. The lamp was used throughout in the 
“end on” position and placed as close as possible to the vitamin A solution 
which was contained hi a quartz test-tube and kept stirred during the experi- 
ments by a magnetic stirrer ; irradiation was thus accomplished in the complete 
absence of air. A sheet of “uvirol” glass transmitting within the range 300- 
390 m/x was interposed between the solution and the lamp and all solutions 
were irradiated with this radiation. The value of E is calculated from the relation 
log l 0 jl = Ecd where C is expressed in mg. /ml., d in cm.; that of the blue values 
is calculated for Lovibond blue units for 1 mg./mi. as in the paper of Woolf 
and Moore [1932], All solutions were irradiated and their absorption spectra 
determined in spectroscopic alcohol. After irradiation the solutions were 
evaporated at 50° in vacuo and concentrated for E and blue value readings, the 
blue values being determined in chloroform in the usual manner, the reading being 
taken immediately after addition of the antimony trichloride reagent. 

A turbot concentrate prepared by Dr T. Moore of Cambridge was used in 
these experiments. It was found that with solutions containing 0*0011 % 
vitamin A an exposure of 3 hours caused only a small decrease in E and blue 
units and that solutions containing 0-00011 % vitamin A, in the case of this 
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particular concentrate, were readily affected by short exposures; the latter 
concentration was therefore used throughout this investigation. 

After 1 minute’s irradiation both E and blue units have decreased, and the 
absorption band of the blue solution of the non-irradiated concentrate at 565 m/x 
has changed to a band at 570 m/x. After 3 minutes’ irradiation E and blue units 
have further decreased and the blue solutions show a band at 575 m/x. On further 
irradiation both E and the blue units increase until a maximum, is reached after 
21 minutes’ irradiation, the absorption band of the blue solutions being 575 m/x 
and the absorption band in the ultra-violet at 328 m/x slightly flattened out. 
After 28 minutes’ irradiation the blue units and E have fallen, selective absorp- 
tion having almost disappeared, the hand of the blue solutions with antimony 
trichloride now reading 576 m/x. Further irradiation caused general absorption 
and very low blue values. 

During irradiation a product has thus been formed which as regards E and 
blue units does not differ from vitamin A. The behaviour of the concentrate is 
certainly evidence of its lack of homogeneity and that the substance absorbing at 
565 m/x, which was evidently in excess in the concentrate, is transformed into one 
absorbing at 575 m/x; further the change involves both E and blue units in 
definite proportions, so that if the substance absorbing at 575 m/x is without 
biological activity, it might readily simulate vitamin A. It is also noteworthy 
that the concentrate was so readily influenced by dilution as regards its reaction 
under ultra-violet radiation. 
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LXXXI. NOTE ON THE ALLEGED REVERSAL 
OF THE DENATURATION OF SERUM-ALBUMIN. 

By LESLIE FRANK HEWITT. 

From the Belmont Laboratories {London County Council ), Sutton, Surrey . 

{Received March 1st , 1934.) 

The claim to have effected the reversal of the denaturation of serum-albumin 
[Anson and Mirsky, 1931] is so contrary to general experience that it is worthy 
of close examination. The method consists in dissolving the denatured protein 
in dilute acid and neutralising with dilute sodium hydroxide solution at room 
temperature. A portion of the albumin treated in this way crystallises like 
untreated albumin and behaves similarly in the precipitin reaction [Miller, 
1933]. At first sight this evidence appears convincing but it is necessary to 
consider the various steps in the process and the assumptions involved very 
critically, since the conclusions reached are of some importance in the- study 
of proteins. 

Experimental methods. 

Serum-albumin. 

The serum-albumin used was prepared from horse plasma. Globulins were 
removed by precipitation with 18 % of anhydrous sodium sulphate at 34° , and 
crystallisation of the albumin was effected by cautious addition of acetic acid 
to the filtrate in the ordinary way. Crystallisation of albumin is usually carried 
out in ammonium sulphate filtrates, but the sodium sulphate process is equally 
effective. The crystalline albumin was filtered off on cloths, lightly pressed and 
dialysed in cellophane bags. The resulting solution was brought to 7 and 
filtered through a sterile Seitz filter. The resulting 800 ml. of sterile 10 % solution 
of albumin was used as a stock preparation in these and other experiments. 

Electrometric p H determinations . 

A compact micro -quinhydr one electrode assembly was devised (Fig. 1). 
The cell is readily made by drawing out a piece of 7-5 mm. bore glass tubing 
and bending the ends round into the form of a U-tube. The bottom horizontal 
portion of the tube is filled with 3 % agar saturated with KC1 and acts as 
a salt bridge. In one limb is placed a buffer solution of known and in 
the other the solution to be investigated. About 0*3 ml. of solution is sufficient, 
for a determination. A little quinhydr one is added to each limb and platinum 
wire electrodes of the usual form are placed in each limb, being supported 
by corks resting on the rims of the limbs. A Cambridge portable potentiometer 
completes the simple apparatus. 

Effect of on denaturation . 

A neutral 0-4 % solution of serum-albumin in 0*8 % saline was titrated 
with 0*1 N HC1, and 4*5 ml. samples of different p H values were withdrawn at 
various stages of the titration. For the p H determinations the quinhydrone 
vessel described above was used. The samples were placed in 5 x 0*5 in. tubes 
in a rack immersed in a tank of boiling water from which the burner had just 
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been removed. The tubes were so arranged in the rack that samples of similar 
p M were not adjacent. When the tubes had been in the hot water for 3 minutes 
they were transferred to a hath of cold water. The precipitates, when present, 
were filtered of! and protein determinations on the filtrates were conducted by 
means of the phenol reagent of Folin and Ciocalteu. In Fig. 2 are plotted the 




Fig. 1. Quinhydrone electrode vessel. 

Fig. 2. Effect of on heat- coagulation of albumin. (The vertical line, 

indicated by arrow, indicates the isoelectric point.) 

amounts of precipitation at different levels of p H . It will be observed that 
coagulation has been maximum in the region of the isoelectric point (p H 4-5 
to 5*6) and falls away slowly on the alkaline side but very steeply on the acid 
side. Thus, taking points equidistant from the isoelectric point (say p u 4*75), 
at 5*5 over 86 % of the protein is coagulated, whereas at p H 4*6 only 9 % 
is precipitated. Heating at reactions more acid than y> H 4*6 does not effect 
coagulation when the solution is cooled and brought to the isoelectric point. 

Effect of salts . 

It is well known that coagulation of proteins on heating does not occur in 
the absence of salts and this is shown in the following experiment. The stock 
10 % solution of albumin was diluted with distilled water giving a final concen- 
tration of 6*2 % albumin. Twelve samples were taken and their reactions ad- 
justed with 6*02 IV HC1 to p u values ranging from 4*1 to 7*2. The samples were 
heated in a boiling water- bath for 15 minutes but no coagulation occurred. 
A small amount of salt was added to each of the cooled tubes without there 
being any coagulation, but when the tubes were reheated coagulation occurred, 
being almost complete in the samples of from 4*6 to 5*6. Electrodialysed 
albumin is said to coagulate without added salt [Adolf, 1926]. The effect of salts 
on protein coagulation was not taken into account by Anson and Mirsky. 

Modifications of Anson and Mirsky’ s experiment. 

Unless the experimental conditions, especially p H , are carefully selected it 
is not possible to repeat Anson and Mirsky’s experiment, and some care is 
necessary in finding the appropriate conditions, since in their paper no p n 



DENATURATION OF SERUM-ALBUMIN 577 

measurements are recorded. The following experiment is of some interest and 
will be described in detail. 

A 2 % solution of serum-albumin in 0-8 % saline was rendered acid (p R 2*3) 
by addition of hydrochloric acid and heated for 4 minutes in a boiling water- 
bath. The solution whilst still hot was divided into three portions. One portion 
was brought to the isoelectric point by addition of sodium hydroxide to the hot 
solution and then immediately cooled (Part I), a second portion was brought 
to the isoelectric point and allowed to remain hot for 2 minutes before cooling 
(Part II), whilst the third portion was allowed to remain hot for 2 more minutes, 
then cooled and finally brought to the isoelectric point when cold (Part III). 

Part I, which had been brought to the isoelectric point and immediately- 
cooled was in the form of a granular precipitate; Part II which had been heated 
for 2 minutes at the isoelectric point was in the form of a gummy coaguium. ; 
whilst Part III, which had been heated in acid solution and cooled before being 
brought to the isoelectric point, was a perfectly clear solution. The method of 
reversal of denaturation described by Anson and Mirsky was applied to Parts 
I and II only, since Part III was already totally in solution. Part I dissolved 
readily in dilute hydrochloric acid giving a clear solution but Part II gave a 
highly viscous gel with which efforts at reversal were quite unsuccessful. When 
the acid solution of Part I was again brought to the isoelectric point by addition 
of dilute sodium hydroxide at room temperature a turbidity was produced, 
and, on addition of an equal volume of saturated ammonium sulphate, there 
was a considerable amorphous precipitation. Now when an equal volume of 
saturated ammonium sulphate solution was added to Part III the protein 
remained soluble and on cautious addition of dilute acetic acid in the usual 
way the albumin crystallised out in fine rosettes of needles, no amorphous 
material being detected microscopically. If the granular precipitate (Part I) 
be centrifuged down and ground by an agate pestle in an agate mortar some 
40 % dissolves up in the supernatant fluid. 

Comment on these experiments is made in the following section, but a point 
raised by Miller [1933] must be referred to here. He mentions the fact that, 
since the solubility of native albumin in half-saturated ammonium sulphate 
solution near the isoelectric point is limited, the precipitate obtained is not 
necessarily all denatured protein. As a matter of observation however the 
addition of an equal volume of saturated ammonium sulphate to serum-albumin 
at the isoelectric point (p H 4-8) results in a considerable change inp H (to p R 5*2) 
and at this reaction undenatured albumin is soluble. 

Using the disulphide reaction [Walker, 1925] and observations of optical 
rotatory power [Hewitt, 1927] evidence of reversal of denaturation was not 
obtained. 

Discussion. 

At the outset we are faced by the significant fact that, in order to observe 
the reversal of denaturation, it is necessary to adhere rigidly, not only to the 
conditions essential for the reversal, but also to, Anson and Mirsky’s methods 
of preparing the denatured albumin. The exact repetition of their experiments 
is rendered difficult by their neglect to record the values of their solutions. 

The first two methods employed by Anson and Mirsky for preparing de- 
natured albumin, namely precipitation with trichloroacetic acid and with 
acidified acetone, need not be considered for the moment as there is no satis- 
factory evidence that the albumin has been denatured. The third method 
consists in warming the albumin in acid solution and adjusting the reaction of 
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the hot solution to the isoelectric point. If immediately cooled the precipitate 
may he redissolved in dilute acid preparatory to the reversal of the denatura- 
tion. This is effected by the addition of 0*1 IV NaOH to the solution at room 
temperature until the isoelectric point is reached. It may seem that the partial 
neutralisation with dilute caustic soda at room temperature is not a process 
likely to effect a reversal of denaturation. The dissolving of the precipitate in 
dilute acid would seem more likely and, indeed, Northrop [1931] has reactivated 
a small portion (up to 1 %) of inactivated pepsin by treatment with acid. 
Actually however the crux of the matter has appeared at an earlier stage. The 
fundamental difficulty lies in the exact definition of a denatured protein. Anson 
and Mirsky 5 s [1931] definition, “All denatured proteins are insoluble at their 
isoelectric points but soluble in acid or alkali, 5 ' is not of general application, but 
it will serve our present purpose if accepted with suitable qualifications. 

It is obvious that in order to prove the possibility of reversing the denatura- 
tion process it is essential to the argument to prove satisfactorily that the protein 
has in fact been denatured. Now Anson and Mirsky assume, without presenting 
any evidence to support the assumption, that when heated at 100° in acid solution 
for 4 minutes albumin is quantitatively denatured. It is a fact however that 
serum-albumin, after being treated in this way, then cooled down to room 
temperature and the reaction adjusted to the isoelectric point, gives no evidence 
of being denatured. The albumin is still soluble in water and dilute salt solutions 
at the isoelectric point, it is still soluble in 50 % ammonium sulphate and may 
be crystallised in the usual way. These facts would be explained by Anson and 
Mirsky as being due to the reversal of the denaturation during the neutralisation 
of the cold acid albumin solution. In order to avoid this reversal Anson and 
Mirsky neutralise the acid solution whilst it is still hot, and under these con- 
ditions protein is precipitated at the isoelectric point. They assume that reversal 
of denaturation is avoided by neutralising the hot instead of the cold solution. 
Reversal of the denaturation is now effected by dissolving the precipitate in 
dilute acid and then neutralising the cold solution. In this w r ay some two -thirds 
of the original amount of protein may be recovered in the undenatured form. 
Anson and Mirsky 5 s explanation however fails to explain why there should be 
quantitatively complete recovery of undenatured protein in the experiment 
mentioned above where the albumin heated in acid solution is cooled before 
neutralisation. Since the reversal process, namely the neutralisation of the cold 
acid solution, has been identical in each case the different yields of undenatured 
protein must be due to differences in the denaturation process. Anson and 
Mirsky suggest that the simplest explanation of their partial recovery of un- 
denatured protein is that there a.re two effects of heating protein solutions, a 
reversible and an irreversible denaturation. There is however no necessity to 
introduce this complication. Let us consider for a moment a further modification 
of the experiment. If the hot albumin solution when brought to the isoelectric 
point, instead of being at once cooled, is kept hot for a minute or two longer, 
the character of the precipitate changes, and the denaturation cannot he re- 
versed. (It should be emphasised that a longer period of heating the acid solu- 
tion. does not have this effect.) The simplest explanation of all the facts and 
observations is that the heating of the albumin in acid solution has little, if 
any, denaturing effect. Heating at the isoelectric point however results in very 
rapid denaturation, so that when the hot acid solution of albumin is brought to 
the isoelectric point, there is an immediate precipitation of granular floccules. 
These floccules consist of a shell or skin of denatured protein surrounding a core 
of undenatured albumin and when ground up in an agate mortar some 40 % 
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of the precipitate Is dissolved. If the granular precipitate be immediately cooled, 
It dissolves readily In dilute acid, and when again neutralised the undenatured 
protein remains dissolved, whereas the denatured portion retains its charac- 
teristic properties, for example it is insoluble in half- saturated ammonium 
sulphate solution and is amorphous. If the experiment be varied by keeping 
the isoelectric solution hot for a minute or two before cooling, the denatured 
skin of the granular floccules can no longer protect the core and the protein 
In the interior of the floccules becomes denatured as well. This completion of 
denaturation Is accompanied by a change in the appearance of the precipitate 
which now becomes more gummy. It is mentioned specifically by An son and 
Mirsky that the portion of the protein (about one-third) which has not been 
reversed in the first instance, cannot be reversed by subsequent treatment. 
This portion corresponds to the denatured skin mentioned above and in the 
present experiments it w r as found that the longer the interval between the 
adjustment of the reaction to the isoelectric point and the cooling, the less 
protein could be recovered in the reversed condition. So far therefore there is 
no evidence that conflicts with the view that protein denaturation is an irre- 
versible process and there is no evidence of two kinds of denaturation, reversible 
and irreversible. 

At this point it is necessary to consider critically the evidence presented 
by Miller [1933] in support of the possibility of reversible denaturation. Using 
the precipitin reaction he concluded that native and “ reversed ” serum-albumin 
were similar but were different from denatured albumin. This putative evidence 
is however rendered void by the fact that the denatured protein he used was 
not a comparable control to the “reversed” albumin. The “reversed” albumin 
was prepared by Anson and Mirsky 5 s method and the reversed portion had not 
therefore been denatured, whilst the “denatured” protein had been subjected 
to further heating processes at the isoelectric point, and was thus truly and 
irreversibly denatured. 

It is clear therefore that the claim to have reversed the heat-denaturation 
of serum albumin has not been confirmed. 

Summary. 

1. No evidence for the possibility of reversing the denaturation of serum- 
albumin was found. 

2. Serum-albumin may be heated in acid solution without being appreciably 
denatured. 

3. In experiments purporting to demonstrate partial reversal of denatura- 
tion evidence is lacking that the albumin recovered had been denatured. 

The author Is indebted to Dr R. G. White for his encouraging interest. 
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The present investigation arose as a result of an attempt to prepare an easily 
obtainable crystalline derivative of oxidised glutathione. The author [1933] lias 
already shown that oxidised glutathione fails to give a dinaphthalenesulphonyl 
derivative with naphthalene - 2 - sulphonic chloride, the latter being reduced to 
naphthaleiie-2-sulphinic acid. 

An attempt was made to prepare the ^ dibenzoyl derivative of oxidised 
glutathione by shaking it with benzoyl chloride and alkali according to the usual 
Schotten-Baumann method. On acidifying the product, a sticky mass was ob- 
tained together with a copious evolution of hydrogen sulphide. 

It was obvious that the peptide was being decomposed by the alkali, and 
hence it seemed advisable to cut clown the time of benzoylation to a minimum, 
a condition which might be accomplished by using 3 : 5-dinitrobenzoyl chloride. 
Both on the Lapworth theory of alternating polarities [Lapworth and Shoe- 
smith, 1922] and on the more modem electronic theories this should behave as 
a highly reactive acid chloride. Unfortunately no product could be isolated in 
the case of GSSG, but this method of benzoylation using 3 : 5-dinitrobenzoyl 
chloride was extended to many other amino-acids with success. 

It was found to be an exceedingly rapid and efficient method, pale yellow or 
colourless crystalline derivatives, having sharp melting-points, being usually 
obtained. The method consists in dissolving the amino-acid in excess of alkali and 
adding the calculated quantity of finely powdered 3 : 5-dinitrobenzoyl chloride. 
The mixture is shaken vigorously for about two minutes. The dinitrobenzoyl 
chloride dissolves almost instantaneously and on acidification the 3 : 5-dinitro- 
benzoyl derivative separates. In most cases practically no 3 : 5-dinitrobenzoic 
acid is formed provided that the acid chloride is not in excess. 

All the mono amino -mono carboxylic acids examined gave crystalline N- 3 : 5- 
dinitrobenzoyi derivatives, which on hydrolysis with hydrochloric acid gave 
3 : 5-dinitrobenzoic acid and the original amino-acid. 

The behaviour of the monoamino-dicarboxylic acids was rather unexpected. 
In the ease of aspartic acid no product was isolable, but a considerable quantity 
of 3 : 5-dinitrobenzoic acid was produced. A formaldehyde titration of the 
filtrate showed that much of the aspartic acid remained unchanged. Glutamic 
acid also reacted only partially with 3 : 5-dinitrobenzoyl chloride, but in this case 
a certain amount of the 3 : 5-dinitrobenzoyl derivative was actually isolated. As 
previously stated no product could be isolated from GSSG. 

It seems from this that the NH 2 group in the monoamino -mono carboxylic 
acids is highly reactive since it reacts rapidly and more or less completely with 
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3 : 5-dinitrobenzoyl chloride in the presence of sodium hydroxide. The mono- 
amino -dicarboxylic acids (and some other “acidic” amino-acids such as tyrosine) 
appear to have a much less reactive NH 2 group since much (or all) of the 3 : 5- 
dimtrobenzoyl chloride is hydrolysed before any condensation can be effected. 

This observation is substantiated by the fact that whereas aspartic acid gives 
no product, and glutamic acid reacts only partially, asparagine and glutamine 
(which are less acidic) react completely with one 1 molecule of 3 : 5-dinitrobenzoyl 
chloride giving high yields of the corresponding mono-dinitrobenzoyl derivatives, 
practically no 3 : 5-dinitrobenzoic acid being formed. Furthermore mesodiamino- 
succinic acid gives a theoretical yield of the corresponding di-3 : 5-dinitro- 
benzoyl derivative. 

The apparent lower reactivity of the NH 2 group in the “acidic” amino-acids 
compared with the reactive NH 2 group in the “ neutral” amino-acids towards 
3 : 5-dinitrobenzoyl chloride in alkaline solution may perhaps be due to the 
different state of ionisation of this group at the employed. As the reaction is 
a very rapid one such differences might be detected, whereas in the slower 
ordinary benzoylations using benzoyl chloride, there is opportunity for an 
equilibrium to be disturbed. 

Whatever the cause, this difference in behaviour has permitted of a smooth 
and complete separation of certain classes of amino-acids. For instance, glycine 
has been separated from a mixture of aspartic acid and glycine, the latter reacting 
preferentially with 3 : 5-dinitrobenzoyl chloride. The separation was not im- 
paired by the presence of large quantities of sodium, salts. It is advisable, but 
not necessary, to remove ammonium salts. They do not interfere with the reaction 
between 3 : 5-dinitrobenzoyl chloride and glycine, but some of the acid chloride 
may he wasted as 3 : 5-dinitrobenzamide. The latter, however, owing to its 
insolubility in sodium hydroxide does not contaminate the product. 

It has not yet been definitely established whether there is any reaction 
between 3 : 5-dinitrobenzoyl chloride and gelatin in alkaline solution, but large 
quantities of the protein interfere with the reaction between the acid chloride and 
glycine. A weight of gelatin equal to the weight of glycine can however be present 
without any deleterious effect. 

Glycine has also been separated from glutamic acid and asparagine from 
aspartic acid. Although glutamic acid does form a derivative, the glycine deri- 
vative is formed preferentially. 

An efficient separation has also been effected between glycine and leucine, 
owing to the fact that 3 : 5-dinitrobenzoylleucine is precipitated from alkaline 
solution by dilute acetic acid, whereas 3 : 5-dinitrobenzoylglycine is not. Other 
possibilities in this direction become evident from details given in the experimental 
part. 

Cystine reacted very rapidly with 3 : 5-dinitrobenzoyl chloride to give di- 
(3 : 5-dinitrobenzoyl) -cystine which was characterised by the formation of a gel 
in aqueous or alcoholic solutions. 

One would expect a different type of derivative in the case of the thiolamino- 
acids. To determine the reaction of the SH group alone thiolacetic acid was used. 
A rapid reaction involving the SH group took place as shown by the disappear- 
ance of the nitroprusside reaction. On acidification an oil was obtained, which 
solidified on long standing and from its reactions appeared to be S-3 : 5-dinitro- 
benzoylthiolacetic acid. Wertheim [1929] was the first to use 3 : 5-dinitrobenzoyl 
chloride for the identification of simple mercaptans. His method however was 

1 There is no reaction between 3 : 5-dinitrobenzoyl chloride and the acid amide group as shown 
by absence of reaction with acetamide. 



582 


B. C. SAUNDERS 


different from the above in that he used small quantities of pyridine as a catalyst 
instead of sodium hydroxide and found that it was necessary to fuse the re- 
actants. It is obviously an advantage to use sodium hydroxide as the amino- 
acids are usually soluble in this medium. It should be pointed out that he did 
not use 3 : 5-dimtrobenzoyl chloride in conjunction with the amino group. 

3 : 5-Binitrobenzoyl chloride reacts with cysteine to produce what appears to 
be the ^-derivative containing a free NH 2 group. Unlike the A- derivatives it 
does not possess a sharp melting-point. It is a light brown powder which is not 
easily recrystallised and cannot be recommended for identification purposes. 

No reaction could be effected between tyrosine and 3 : 5-dinitrobenzoyl 
chloride. Neither phenol nor salicylic acid reacted with this reagent in .alkaline 
solution. 

Guanidine gives an almost theoretical yield of di-(3 : 5-dinitrobenzoyl) - 
guanidine. This derivative is insoluble in NaOH and so does not interfere with 
the identification of the amino-acids by this method. 

The three aminobenzoic acids react almost instantaneously with 3 : 5-dinitro- 
benzoyl chloride, but homogeneous products are not obtained in the case of 
the o- and p- compounds. This problem will be discussed elsewhere. 

The 3 : 5-dinitrobenzoyl derivatives cannot be analysed satisfactorily by the 
micro-Kjeldahl method, low results being obtained . Correct results were obtained 
by the micro-Dumas method. 

Buehler et al. [1933] have recently described the 3 : 5-dinitrobenzoates of 
certain amines; these are salts and are distinct from the derivatives described 
above. The author was unable to obtain the 3 : 5-dinitrobenzoates of glycine and 
several other amino-acids, a result to be expected. 

An attempt was made to prepare the 3 : 5-dinitrobenzoyl derivatives of the 
amino-acids using pyridine instead of NaOH as the condensing agent. On acidi- 
fication in each case the same compound was obtained, which proved to be a very 
stable acid pyridine salt of 3 : 5-dinitrobenzoie acid (2C 6 H 3 (N0 2 ) 2 C00H . C 5 H 5 N). 
This was confirmed by dissolving 3 : 5-dinitrobenzoic acid in excess of pyridine 
and acidifying, the same product being obtained. This compound had previously 
been prepared by Pfeiffer [1914]. 

3 : 5-Dinitrobenzoie acid and all the 3 : 5-dinitrobenzoyl derivatives here 
described gave an intense violet coloration with acetone and NaOH. This test 
could be used qualitatively to determine whether the 3 : 5-dinitrobenzoyl residue 
had entered the amino-acid molecule. The nature of this colour change is now 
being investigated. 

Experimental. 

3 : 5 -Dimirob e nzoylglyc ine. 0*75 g. (1 mol.) of glycine was dissolved in 20 ml. N NaOH (2 mols.) 
and 2-32 g. (I mol.) of finely powdered 3 : 5-dinitrobenzoyl chloride were added. The mixture was 
shaken vigorously in a stoppered bottle, whereupon the acid chloride dissolved almost immediately, 
the solution becoming deep red. The shaking was continued for about 2 minutes, the solution 
filtered if necessary and acidified with dilute hydrochloric acid. The dinitrobenzoyl derivative 
crystallised out immediately 1 . Yield 2*1 g. (80 % theoretical). It was recrystallised from water in 
long colourless silky needles: m.p. 179°. (Found: C, 37 - 6 ; H, 3*08; N, 14*66 %. C 9 H 7 0 7 N 3 , H 2 0 
requires: C, 37*63; H, 3*13; N, 14*63 %. Dried at 100 °. Found: H 2 0 6*0 %. Calc. 6*27 %.) 

1 If an excess of 3 : 5-dinitrobenzoyl chloride were used, this appeared as 3 : 5-dinitrobenzoic 
acid in the precipitate produced on acidification and could be removed by shaking the precipitate 
in the cold with a mixture of five volumes of 50-60° light petroleum and two volumes of alcohol. 
The glycine derivative is insoluble in this mixture. If the acid chloride were not used in excess, it 
was usually found unnecessary to carry out this treatment. 
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Hydrolysis of 3 : 5-dimtrobenzoylglycine . The compound was boiled with HQ (2 vols. HC1, 
1 vol. water) for 1|- hours. On cooling 3 : 5-dinitrobenzoic acid crystallised out and was recrystal- 
lised from water: m.p. 207°. (Found: N, 13*1 %, C 7 H 4 0 6 N 2 requires : N, 13*2 %.) 

A formaldehyde titration of the filtrate showed that the hydrolysis to glycine was complete. 

The 3 : 5-dinitrobenzoyl derivatives of the monoamino-monocarboxylie acids described below 
were prepared in a manner similar to the above. Each derivative dissolved in strong alkali to give 
a dark red colour discharged by acids. Dilute HC1 was used for precipitation from the alkaline 
solution unless otherwise stated. 

3 : 5-Dinitrdbenzoyl-d\-alanim. Recrystallised from water in minute pale yellow needles : 
m.p. 177°. (Found: N, 14*88 %. C 10 H 9 O 7 N 3 requires: FT, 14*84 %.) 

3 : 5-Dinitrdbenzoyl- bleucine. Precipitated by dilute acetic acid. Only slightly soluble in boiling 
water, from which however it can be recrystallised in long colourless needles. Recrystallised more 
readily from 50 % aqueous alcohol: m.p. 186-7°. (Found : 0, 48*06; H, 4*6; N, 12*62 %. C 13 H 1S 0 7 N 3 
requires: 0, 48*0; H, 4*62; N, 12*92 %.) 

3 : 5-Dinitrobenzoyl-d-valine . Precipitated by dilute acetic acid. Recrystallised from water in 
colourless feathery masses: m.p. 157-8°. (Found: N, 12*78%. C 12 H 13 0 7 N 3 , H 2 0 requires: N, 
12*76%. Found: H 2 0, 5*5%. Calc. 5*47 %.) 

3 ; 5 -Dinitrobenzoyl-l- phenylalanine. Precipitated by dilute acetic acid. In order to purify it, 
it was dissolved in alcohol, diluted with water until just cloudy and placed in the ice-chest to 
crystallise. Short colourless needles: m.p. 93°. (Found: 1ST, 11*54; H 2 G, 2*9 %. C 16 H 13 Q 7 N 3 , 0*5 H 2 0 
requires: N, 11*69; H 2 0 2*45%.) 

3 ; 5-Dinitrobenzoyl-l-asparagine. Asparagine reacts w T ith one molecule of 3 : 5-dinitrobenzoyl- 
chloride to give the above compound using the method already described. Yield = 90%. Re- 
crystallised from water in very thin flat glistening leaflets: m.p. 196°. (Found: N, 17*19 %• 
CnH 10 O 8 N 4 requires: N, 17* IS %.) 

3 : 5-Dinitrobenzoyl-d-glutamine. Formed from one molecule of glutamine and one molecule 
of 3 : 5-dinitrobenzoyl chloride. Yield, 95 %. Recrystallised from water in colourless radiating 
needles: m.p. 217°. (Found: N, 16*38 %, C 12 H 12 Q 8 N 4 requires: N, 16*47 %.) 

N-3 : 5-Dinitrobenzoyl-S-benzylcystei?ie. 1*05 g. of $-benzylcysteine were dissolved in 10 ml. of 
N NaOH and 1*15 g. of 3 : 5-dinitrobenzoyl chloride added. The mixture was shaken until all the 
acid chloride had dissolved. A strong xnercaptanic odour was noticeable, owing presumably to the 
partial hydrolysis of the N- be nzy Icy stein e by the alkali. The solution was filtered and acidified with 
dilute acetic acid, a white feathery crystalline precipitate being formed. Reerystallised from 
aqueous alcohol in long slender needles: m.p. 92°. It was subsequently found advantageous to 
carry out the reaction at 0°, in which case no mercaptanic odour was perceptible. The reaction "was 
complete in a few minutes at this temperature. Yield, 90%. (Found: N, 9*69; S, 7*26%. 
C 17 H 15 0 7 N 3 S, 2H 2 0 requires: N, 9*52; S, 7*26 %.) 

N-3 : 5-Dinitrobenzoyl-S-ethylcysteine. As for $-benzylcysteine. Precipitated by acetic acid. 
Recrystallised from aqueous alcohol in colourless needles: m.p. 65°. Hygroscopic. (Found: N, 
12*26; 8, 9*03 %. C 12 H 13 0 7 N 3 S requires: N, 12*24; S, 9*33 %.) 

3 : 5-Dinitrobenzoyld- methionine. Unlike $-ethyl- and ^-benzyl-cysteine, methionine could be 
acylated at room temperature without any decomposition. Recrystallised from aqueous alcohol in 
slender silky needles : m.p. 94-5°; anhydrous substance has m.p. 150°. Very soluble in cold alcohol. 
(Found: C, 40*76; H, 4*08; N, 12*14; S, 8*98 %. C 12 H J3 0 7 N 3 S, 0*5 H 2 0 requires: C, 40*91; H, 3*98; 
N, 11*93; S, 9*09%.) 

3 : 5-Dinitrobemoyl-l-tryptophan . 1 mol. of tryptophan reacted with I mol. of 3 : 5-dinitro- 
benzoyl chloride. An orange precipitate was produced on the addition of dilute acetic acid to the 
alkaline solution. Reerystallised from alcohol as an orange crystalline powder. Insoluble in boiling 
water, m.p. 233° (decomp.). (Found: 0, 54*3; H, 3*54 %. C 18 H 14 0 7 N 4 requires : C, 54*27; H, 3*52 %.) 

Di~(3 : 5-dinitrobenzoyl) meso diaminosuccinic acid. 1 mol. of mesodiaminosiiceimc acid reacted 
with 2 rnols. of dinitrobenzoyl chloride in the presence of 4 mols. of N NaOH. On the addition of 
dilute acetic acid to the alkaline solution a crystalline precipitate slowly formed. The filtrate gave 
no precipitate wdth HC1 showing that no 3 : 5-dinitrobenzoic acid had been produced. The precipi- 
tate was insoluble in boiling water, alcohol, acetone, benzene and glacial acetic acid. It dissolved 
in alkali with the production of a deep red colour. In order to purify it, it was dissolved in NaOH, 
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water was added until the red colour was just discharged and dilute acetic acid was added to 
reprecipitate it as a colourless crystalline powder. Melted with decomp. 254°. (Found : N, 16*03 %. 
C 18 H 12 0 14 N 6 requires : N, 15*67 %.) 

Di-(3 : 5-dinitrobenzoyl)-d-arginme . 1 mol. of arginine hydrochloride reacted with 2 mols. of the 
acid chloride. Precipitated from the alkaline solution "by dilute acetic acid. The product so 
obtained was boiled with alcohol and filtered from a small quantity of tarry residue. On the addi- 
tion of water a colourless crystalline powder gradually separated, m.p. indefinite, shrinks and 
softens about 150°. (Found: C, 41*9; H, 3*69; FT, 18*95; H 2 0, 1*4 %. C 20 H 19 Q 12 N 8 , 0*5 H 2 0 
requires: C, 42*03; H, 3*51; N, 19*61; H 2 0 1*58%.) 

Di~(3 : 5-dinitrobenzoyl )-l-cystine. 0*48 g. of cystine (1 mol.) dissolved in 8 ml. N NaOH reacted 
with 0*93 g. of the acid chloride (2 mols.). On acidifying the alkaline solution with dilute HC1 a 
gummy mass was precipitated which became friable on standing. This was filtered oft* and purified 
by dissolving in hot alcohol, filtering and adding water until just turbid. The liquid was then 
warmed until just clear and allowed to stand. The whole mass set to a gel which was broken up, 
filtered and dried in a desiccator, giving a powder which gradually turned brown in the course of 
a few days. Darkened at 154°, melted with decomposition about 180°. (Found: N, 12*41, 12*54; 
S, 9*38, 9*07 %. C 20 H 1G O 14 N 6 S 2 , 2H s O requires: N, 12*66, S, 9*64 %. Loss of H 2 0 at 100°, 4*4 %. 
Cal. 5*1 %. Found for anhydrous substance N, 13*13 %. Calc. 13*37 %.) 

The dry powdered product again formed a gel when dissolved in alcohol and diluted with water. 
A gel was also formed from aqueous acetone, dilute HC1 and dilute acetic acid. Insoluble in 
benzene. The nitroprusside test w r as given after reduction with Zn and HC1. 

Di-(3 : 5-dinitrobenzoyl)guanidine . 0*54 g. of guanidine sulphate was dissolved in 10 ml. 
WNaOH, 1*15 g. of powdered 3 : 5-dinitrobenzoyl chloride added and the mixture shaken for 
about 2 minutes. The guanidine derivative (insoluble in NaOH) was filtered oil and recrystallised 
from alcohol in radiating clusters of colourless needles. Insoluble in water, moderately soluble in 
acetone, slightly soluble in benzene: m.p. 280° with blackening (shrinks about 215°). The filtrate 
from the reaction gave no precipitate with HC1, showing that all the acid chloride had reacted. 
(Found: N, 22*05 %. C 15 H 9 Q 10 N 7 requires : N, 21*93 %.) The substance was hydrolysed by boiling 
with 1 : 1 HC1 for 1 hour. On cooling 3 : 5-dinitrobenzoic acid crystallised out. 

Reaction between d- glutamic acid and 3 : 5-dinitrobenzoyl chloride. 0*73 g. (1 mol.) of glutamic acid 
was dissolved in 15 ml. of N NaOH. 1*15 g. (1 mol.) of powdered 3 : 5-dinitrobenzoyl chloride were 
added and the mixture shaken for 2 minutes. Nothing was precipitated on the addition of dilute 
acetic acid. Acidification with HC1 gave an oil which crystallised on standing. After some time the 
crystalline precipitate was filtered off and the filtrate made up to 100 ml. It still contained un- 
changed glutamic acid. Using Sorensen’s formaldehyde titration, 10 ml. of this solution required 
2*1 ml. of Nj 10 NaOH. This indicated that 42 % of the glutamic acid was unattacked. 

The precipitate was dissolved in cold alcohol (in which it was very soluble). Water was added 
until just cloudy, and the mixture was allowed to stand, whereupon 0*17 g. 3 : 5-dinitrobenzoic acid 
separated. The alcohol was evaporated from the filtrate and 3 : 5-dinitrobenzoylglutamic acid 
crystallised out. It was recrystallised from water as colourless needles. The substance softens and 
shrinks at 98-99°. (Found: C, 41*24; H, 3*26; N, 11*89%. C 12 H n 0 9 N 3 , 0*5 H 2 0 requires: C, 
41*14; H, 3*28; N, 12*0 %. Loss in weight when dried at 100°, 2*4 %. Calc. 2*6 %. Found for 
anhydrous substance: N, 12*45 %. Calc. 12*32 %.) 

It was subsequently found that a better separation of 3 : 5-dinitrobenzoic acid from the glutamic 
acid derivative could be obtained as follows. The reaction was carried out as above except that 
1*5 g. of sodium acetate were added before the addition of the dinitrobenzoyl chloride. On acidi- 
fying with HC1, 3 : 5-dinitrobenzoic acid separated in crystalline form (0*53 g.). The filtrate on 
standing for a few minutes deposited 3 : 5-dinitrobenzoylglutamic acid (0*54 g.). This was then 
recrystallised from hot water. 

Reaction between aspartic acid and 3 : 5-dinitrobenzoyl chloride. 0*66 g. of aspartic acid was 
dissolved in 15 ml, of N NaOH and 1*15 g. of powdered 3 : 5-dinitrobenzoyl chloride added and the 
mixture shaken for 2 minutes. No precipitate was produced on acidification with dilute acetic acid, 
but 0*5 g. 3 : 5-dinitrobenzoic acid separated at once on addition of dilute HC1. Formaldehyde 
titration showed that 50 % of the aspartic acid remained unchanged. 

Separation of glycine from aspartic acid. A mixture of 0*38 g. of glycine and 0*66 g. of aspartic 
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acid was dissolved in 20 ml. of N NaGH. 1-3 g. of 3 : 5-dinitrobenzoyl chloride were added (an 
excess for the glycine present). The mixture was shaken, filtered and acidified with dilute HGL 
The precipitate, which consisted of a mixture of the glycine derivative and 3:5-dinitrobenzoic acid, 
was dried and shaken with light petroleum-alcohol (5:2) mixture in the cold. The residue was 
recrystallised from water: m.p. 178°. The presence of large quantities of sodium acetate and other 
sodium salts did not impair the separation. 

In the following mixtures the first named component was separated hy a method similar to the 
above : asparagine from aspartic acid; glycine from gelatin (an equal weight) ; glycine from glutamic 
acid. 

In presence of gelatin an excess of alkali was required. Also the product on acidification was 
usually oily, but crystallised if allowed to stand for some time. For the mixture of glycine and 
glutamic acid it is an advantage to have as little excess of 3 : 5-dinitrobenzoyl chloride as possible 
(calculated for the glycine). 

Separation of leucine and glycine . A mixture of 0*33 g. of leucine and 0-19 g. of glycine was 
dissolved in 10 ml. of N NaOH. Mo g. of 3 : 5-dinitrobenzoyl chloride were added and the mixture 
shaken. On acidification with acetic acid 3 : 5-dinitrobenzoylleucine crystallised out. After 
standing for some time (to ensure complete precipitation) this was filtered off and re crystallised 
from aqueous alcohol: m.p. 186°. 

Dilute HC1 was added to the filtrate to precipitate the glycine derivative. Recrystallised from 
water: m.p. 178-179°. 

Reaction between thiolacetic acid and 3 : 5-dinitrobenzoyl chloride. 0*92 g, of thiolacetic acid was 
dissolved in 20 ml. of N bTaOH and shaken with 2-30 g. of 3 : 5-dinitrobenzoyl chloride. The 
nitroprusside test became negative almost immediately. On acidification either with dilute acetic 
or hydrochloric acid an oil -was produced which solidified on long standing. The substance proved 
difficult to recrystallise. (Found for unrecrystallised substance: N, 10*3; S, 12*0%. Calc, for 
C 9 H 16 0 7 N 2 S: N, 9-8; S, 11*19 %.) Melts with decomp, about 135°. Very soluble in alcohol and ace- 
tone, slightly soluble in benzene. When recrystallisation was attempted by dissolving in alcohol 
and adding water, an interchange of radicals evidently took place as the substance which crystal- 
lised out contained no sulphur and proved to be ethyl 3 : 5-dinitrobenzoate. 

The product of t he condensation was undoubtedly S - 3 : 5-dinitrobenzoylthiolacetic acid. It was 
completely hydrolysed by boiling with 5A r HC1 for 30 minutes. On cooling 3 : 5 -dinitro benzoic 
acid separated out, and the filtrate gave a strong nitroprusside reaction. 

Reaction between cysteine and 3 : 5-dinitrobenzoyl chloride. 0*79 g. of cysteine hydrochloride 
(1 mol.) was dissolved in 15 ml. of N NaOH and shaken with 1*15 g. (1 mol.) of the acid chloride. 
The nitroprusside test became negative almost immediately. The solution was filtered and a brown 
powder precipitated by the addition of dilute acetic acid. The product was purified by dissolving in 
alkali and reprecipitating with acetic acid. Melted with decomp, about 160°. Very soluble in 
alcohol and acetone, slightly soluble in water, insoluble in benzene. Hygroscopic. (Found: N, 
13*31; S, 9*96 %. C 10 H 9 O 7 N 3 S requires: N, 13*33; S, 10*1 %.) 

On carrying out the reaction with 2 mols. of the acid chloride the same substance appeared to 
be produced. The reaction was also carried out in an atmosphere of nitrogen with identical results. 


Summary. 

1. 3 : 5-Dinitrobenzoyl chloride is recommended as a reagent for the rapid 
identification of many amino-acids, crystalline derivatives usually being obtained 
in good yield. The condensation is almost instantaneous in alkaline solution. 

2. The acidic amino-acids appear to be less reactive towards this reagent. 
Under the conditions cited in the experimental part aspartic acid does not give 
a derivative. In this way glycine and several other amino -acids have been 
separated from aspartic acid. 

Although glutamic acid does give a derivative, 3 : 5-dinitrobenzoylglycine is 
formed preferentially and a separation has been based on this fact. 

No condensation could be effected with tyrosine in alkaline solution. 
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3. The 3 : 5-dinitrobenzoyl derivatives of certain amino-acids are precipitated 
from alkaline solution by dilute acetic acid. Others are not precipitated by this 
reagent, but only on the addition of dilute HC1. In this way glycine and leucine 
have been separated. 

4. Guanidine gives a good yield of crystalline di-(3 : 5-dinitrobenzoyl) 
guanidine, which is insoluble in alkali. 

5. Thiolacetic gives 3-3 : 5-dinitrobenzoylthiolacetic acid hy the above 
method. Cysteine also gives an ^-derivative which is not, however, suitable for 
identification purposes. 

I wish to thank Sir F. G. Hopkins for the kind interest that he has shown in 
this work. 
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The life of the multicellular organism, is divided into certain phases by develop- 
mental events which occur during those periods. During embryonic and early post- 
embryonic existence cell division and cell growth are exceptionally prominent. 
As cell differentiation increases,, cell growth and cell division progressively 
diminish and finally shrink to a minimum. After the cell has reached its aduit 
stage, it ages and finally dies. Thus growth, differentiation, ageing and death are 
stages in a continuous process. As these are stages in a process the phases 
gradually blend into one another. 

The results of the following investigation show, for the first time, that a 
distinct alteration in the chemistry of the cell occurs during development. An 
examination of the iron content of epithelial organs showed that the cells of an 
organ in an old animal contain appreciably higher quantities of iron than do those 
of a young animal. Estimations of copper under similar circumstances did not 
show such variations. 

The iron content of the liver, kidney, testis — and in some cases of the lung 
and muscle tissue — of rats, guinea-pigs, rabbits, dogs and cats was estimated, 
all tissue utilised in this investigation being freed from blood before chemical 
examination by the following methods. Immediately after death a cannula was 
inserted through the left ventricle into the aorta, and Ringer's solution at body 
temperature was infused under considerable pressure until the venous fluid was 
entirely free of blood. Perfusion was carried out in this manner for 20 to 30 
minutes at least, and in order completely to exsanguinate the liver and kidney 
this was followed by further perfusion through the portal vein in the case of the 
liver, and through the abdominal aorta in the case of the kidney, after all the 
vessels except the renal artery had been ligatured. The completeness of ex- 
sanguination was controlled by histological examination. 

The iron determinations were made according to Warburg’s [1927] method 
by which iron may be detected in quantities as small as 5 x 10~ 4 mg. 50 mg. of 
thoroughly disintegrated tissue were placed in a platinum crucible and incinerated 
by heating for 10 to 12 hours at 800° in an electric furnace. 1 ml. of 0*1 N HC1 
was poured into the crucible containing the ash, and 0*1 to 0*2 ml. of the resultant 
solution was examined for iron. In all, this investigation, which was made at 
the Charite, Berlin, includes the examination of tissues from 125 animals. The 
greater number of estimations were on rats ; but the study of other animals was 
sufficient to show that in them the results were similar to those in the rat. 

The iron content of pulmonary tissue showed greater variations than that of 
the liver, kidney and testis. These irregularities may possibly be explained by the 
inhalation of iron during life. Hence the examination of lung tissue was carried 
out only in a relatively small number of rats. Similarly the spleen may contain an 
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appreciable amount of iron as a result of the destruction of erythrocytes, and 
therefore this organ was excluded. 

Is the increase in the iron content of aged cells of special significance or is it 
dependent on the destruction of blood during life? The latter possibility can be 
excluded for the following reasons. 

1. Histological examination did not show this increased iron to be due to 
haemosiderosis, and further the increased iron occurred regularly in organs, such 
as in the testis, in which haemosiderosis does not usually take place. 

It might be claimed however that the histochemical methods for the demon- 
stration of iron are too crude to demonstrate the minute amounts present in the 
cells, or to show variations when these are present. 

2. The lower values for iron found in the tissues of young animals and the 
high values of the old are definite and constant. This is not only true in different 
animals of the same species but also in animals of various species during 
corresponding phases of development. 

3. If the observed increase in the iron content of the tissues of old animals 
were due to iron deposited in tissues following blood destruction, then this 
increase should be continuous throughout life ; such is not the case. According to 
our results the increase in the iron content of the cells in old adults is clearly 
associated with a definite developmental phase. The increase occurs within a 
short time and remains at the new level throughout the remainder of the animaFs 
life. This increase of the cell-iron must therefore be of some functional significance. 

A study of the iron values of the organs of the rat is illuminating. In the rat, 
the iron content of the kidney and testis is the same throughout the first 
10 months of life (Pig. 1) and in the majority of these animals, even throughout 
the whole of the first year of life. In a certain proportion of animals, the iron 
content begins to increase between 12 and 15 months after birth but more 
frequently after 15 months. 



Years Years 

Fig. 1. Rat. Fig. 2. Guinea-pig. 

Liver. Kidney. • • • Testis. 


The values reach their maximum at 1| years, while only in a small proportion 
of cases is this higher level delayed until the second year of the animaFs life. 
Throughout the remainder of the rat’s existence (in all 3 to 4 years) the iron 
values remain the same. The increase of iron in the liver occurs at about the 
third month, and maximum values are obtained by the end of the fifth month. 
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Thus the change from the low level prevalent in the tissues of the young to the 
high values obtained in the old animals occurs in 3 to 6 months, a relatively 
short time. Indeed, this rapid increase occurring as it does at a definite interval 
indicates that tills phenomenon is due to some physiological process and is not the 
result of such a coincidence as the deposition of haemosiderim in the organs. 

A further point is also of importance. The rise in iron values occurred in all the 
types of animals examined and at the same period, that is the middle period of 
the animal’s life. 

Since the duration of life of guinea-pigs and rabbits is longer than that of rats, 
the increase of tissue-iron does not begin before the end of the second year 
(guinea-pig) or even later (rabbit) (Fig. 2 and Table I). In the liver the increase 

Table I. Rabbit. 


Iron contents of organs at various periods of life in mg. per kg. 
dried substance — average values. 




Bays 

. A 


Months 


Years 


Age 

1 

3 

28 

33 

91 

3 

1 

H 

2 

6 

Liver 

1400 

— 

— 

180 

160 

— 

240 

200 

200 

700 

Kidney 

500 

500 

— 

150 

160 

— 

160 ■ 

170 

— . 

350 

Testis 

— 

— 

125 

— 

— 

— 

120 

— 

125 

260 


generally begins somewhat earlier than in the other epithelial organs, but the 
difference is not as great as in the rat. In dogs and cats of 4 to 5 years of age the 
low values found in the young are still present, and a definite increase in liver- 
iron does not occur until the seventh year. In the young animals, the results are 
closely grouped together (from 100 to 180 mg. per kg. of dried tissues, Tables II 
and III). As already noted, this is true in animals of various species (Table IV). 
The maximum values of the old animals show somewhat greater variation, but 
for the different species the readings fall into a definite group (200 to 500 mg.). 
In the liver the maximum values may be higher — up to 800 mg. (Tables II, III, 
IV B). 

Table II. Rats. 

Iron content of kidney of rats (ing. per kg. dried substance). 


STo. of 

Under f year 

No. of 

Over 1-J years 

,nimal 

(young animals) 

animal 

(old animals) 

1 

170 

1 

268 

2 

182 

2 

200 

3 

162 

3 

215 

4 

90 

4 

435 

5 

120 

5 

476 

6 

107 

6 

500 

7 

115 

7 

326 

8 

184 

8 

300 

9 

170 

9 

300 

10 

148 



11 

180 



12 

123 



13 

115 



14 

120 



15 

140 




Average 142 


335 


Biocliem. 1934 xxvm 


38 
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Table III. Rat. 


Iron content of testis of rats (mg. per kg. dried substance). 


No. of 

Under f year 

No. of 

Over 1|- years 

animal 

(young animals) 

animal 

(old animals) 

1 

96 

1 

205 

2 

115 

2 

355 

3 

103 

3 

330 

4 

85 

4 

218 

5 

135 

5 

294 

6 

142 

6 

272 

7 

157 

7 

250 

8 

135 

8 

264 

9 

110 

9 

526 

10 

128 

10 

280 

11 

180 

11 

182 

12 

145 

12 

260 



13 

210 



14 

400 



15 

335 



16 

276 



17 

270 



18 

410 



19 

180 



20 

345 



21 

200 



22 

210 



23 

270 


Average 130 


283 


Table IV. 

Average iron content of organs of animals (mg. per kg. dried substance). 
A. Young animals 


Animal 

Liver 

Kidney 

Testis 

Eat 

180 

140 

130 

Babbit 

170 

155 

125 

Guinea-pig 

145 

140 

125 

Cat 

200 

125 

— 

Dog 

200 

150 

115 

Old animals 

Bat 

About 700 

335 

280 

Babbit 

Up to 700 

400 

260 

Guinea-pig 

450 

350 

280 

Cat 

Up to 800 

— 

— 

Dog 

Up to 600 

— 

— 


As to the iron content of the organs of young animals, Bunge [1898] found 
that certain animals, e.g. rabbits, are bom with a relatively large store of iron. 
But according to the results of this investigation the tissue-iron of rabbits rapidly 
decreases in amount during the first weeks of post-embryonic life to the same low 
level which young animals of other species already have from birth (Table I). 

Reports have already been published of the estimation of iron in the organs of 
animals. Very often differences have been found to exist between different 
species. For instance, the amounts obtained in mice and rats were much larger 
than those in guinea-pigs and rabbits. The probable explanation is that for 
small animals, such as mice and rats, the older ones have been utilised in order 
to obtain sufficient material, while in the case of larger animals, such as guinea- 
pigs and rabbits, even the organs of the very young are sufficient for analysis. 
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The iron values are independent of the food intake of the animals. This has 
been proved by depriving rats of vitamin B-containing food. In spite of this and 
the consequent considerable loss of weight, the iron content was always found to 
correspond with that of other animals at the same period of life. 

The iron values in the organs of the young are so constant and the increase 
during age so regular that it is possible to determine the age group of an animal 
by iron estimations, preferably of the kidney or testis. Low iron values in the 
testis of rats— below 160 mg. per g. of dried tissue— definitely indicate that the 
animal is under I J years of age, while quantities above 180 mg. suggest that the 
animal’s age is over 10 months and most likely over 15 months. The intermediate 
period between 10 and 15 months cannot be determined with certainty because 
it constitutes the transition from the period of low iron values to that of the 
high values. 

The iron content of the striped muscle of young animals is about the same 
as that found in epithelial organs, especially in the kidney and testis. From 
this fact we have to conclude that the iron is present not only in cells but also 
in the paraplasmatic substances in which muscle tissue is very rich. The rise of 
the iron content in old animals only occurs in the epithelial organs, not in the 
striped muscle. Therefore the increase of the iron content is probably due to 
a new iron compound. 

Summary. 

1. The iron content of the epithelial organs in the animals investigated in 
this series (rats, guinea-pigs, rabbits, cats and dogs) is constant. 

2. A similar constant iron value is obtained in the various organs of the same 
animal, in the organs of animals of the same species, and as between the organs 
of animals of the various species. Only in the liver are the variations appreciable, 
and even here these variations are relatively small. 

3. At a definite period of life and within a short time, the iron content of 
epithelial organs is increased up to 200 % . The same iron value is then maintained 
until death. 

4. This newly acquired iron is probably a compound other than those already 
present in the cell and must be associated with the ageing of the cell. Hence the 
longer the life period of the animal the later does the increase occur. The middle 
period of life can be considered the period during which the increase in ail iron 
occurs. 

5. The iron content of the organs of young animals is so constant and its 
increase at a definite period is so regular that from the iron content of the organs 
of an animal, especially the kidney and testis, it is possible to determine the age 
group of the animal from which the tissue has been taken. The cells of epithelial 
organs having a high iron content can be considered as in the decline of life. 

6. Since the increase in the iron content of organs is so regular a feature, the 
phenomenon must have some biological significance. 
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By MARGARET AVERIL BOAS-FIXSEN, 
JOHN CHARLES DUNCAN HUTCHINSON 
and HESTER MARY JACKSON. 

From the Division of Nutrition , Lister Institute , London . 
(. Received March lst 3 1934.) 


Ik the previous paper of this series [Boas-Fixsen and Jackson, 1932] experiments 
were described in which the biological values of the proteins contained in various 
wheat and maize products were determined by the "'‘'balance sheet” method, 
using adult rats. These experiments revealed no difference hi value, for main- 
tenance of nitrogenous equilibrium, between the proteins of whole wheat and 
whole maize. It was pointed out that this result had an important bearing on 
the theory attributing pellagra, which in its epidemic form is closely associated 
with the consumption of maize, to an amino-acid deficiency. 

A survey of previous work on the subject suggested that, whereas the 
proteins of wheat and maize might be of equal value for maintaining nitrogenous 
equilibrium during a short period, a disparity might be revealed by tests in 
which the growth of young rats during long periods was the criterion employed. 
The present paper describes experiments of this nature. 

The growth of young rats has been used extensively for determining the 
relative nutritive values of proteins, and the method has been extended to 
include longevity and reproduction as criteria, by McCollum et ah [1921]. 
Osborne and Mendel [1916; 1920] and Osborne, Mendel and Ferry [1919] have 
made a detailed study of proteins using this method and devoted much attention 
to the precautions necessary in this type of experiment in order to permit of 
trustworthy deductions. They emphasised the importance for growth of the 
total food intake apart from the protein intake. They considered that ideal 
conditions for comparison of the biological values of different proteins were 
attained when rats of similar weight grew at equal rates and ate about the 
same amount of similarly constituted diets, the only variable in the diets being 
the nature and proportion, and hence the amount, of protein ingested. This 
amount was held to be in inverse proportion to the biological value [Osborne 
and Mendel, 1916]. 


Subsequently Osborne and Mendel adopted the value of the ratio 
as a numer ical expression of the biological value for any given 


protein. The value of this ratio was found to increase at first as the proportion 
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of protein in the diet was raised, reaching a maximum after which it declined. 
This maximum value, obtained under conditions which favoured the most 
economical use of the protein, was taken as the most trustworthy estimate of 
its biological value [Osborne, Mendel and Ferry, 1919], This method involved 
a long series of experiments with diets containing different proportions of each 
protein investigated and, besides being very laborious, did not conform to the 
ideal conditions set out above, for the total consumption of food was not the 
same in parallel experiments. 

Most investigators who have used this method have calculated the weight 
increase per g. protein ingested from the results of experiments in which the 
different proteins were present at the same level in the diets and not necessarily 
at the level at which the above ratio has the maximum value [see also Osborne 
and Mendel, 1920]. 

Mitchell [1924, 1 ; 1928] has offered an explanation for the fact that, for any 
given protein, the value of the ratio (subsequently referred to 

in this paper as Ratio X x ) has been found to increase with increasing protein 
intake. He has suggested that in this expression no account is taken of the 
protein requirement for maintenance, apart from the requirement foi* growth, 
and that the former is a greater proportion of the total intake when this is small; 
in order to obtain uniformity of intake in comparative experiments, he devised 
his paired feeding method [Mitchell and Beadles, 1930]. 

Results reported later in this paper tend to support Mitchell’s view and 
show further that if allowance is made for the protein required for maintenance, 
the above expression tends to give a constant figure for the biological value for 
growth of any given protein, irrespective of the intake. 

Technique . 

The experiments here described were confined to diets containing wheat or maize products 
as source of protein. Most observations were made with whole wheat or whole yellow maize, a 
few only being made with white maize for comparison with the yellow. The protein content of 
the maize was low (from 9 to 1 1 % on the dry weight) compared with that of the wheat, which 
was relatively high (16*4 %). It was not therefore possible to construct a diet, within the capacity 
of the animals’ appetite, containing sufficient protein to support normal growth derived from 
whole maize. To see whether, in any case, normal growth could be obtained on maize proteins, 
diets were prepared containing the gluten of yellow and white maize at various levels up to 23 % . 
These glutens are by-products obtained in the manufacture of corn starch and consist of a mixture 
of maize-glutelin and zein, the water-soluble globulins and a proportion of the glutelin having 
been washed away [Osborne and Mendel, 1914], They do not therefore represent true concentrate, s 
of maize-proteins. 

The provision of the vitamin B complex has always been a difficulty in experiments of this 
type. In work on cereals reliance has been placed either on the cereals themselves for the source 
of supply (in 11411011 case the results are complicated by their differing contents of these vitamins) 
or on whole yeast. The drawback of a yeast supplement is the addition by this means of 
small amounts of extraneous protein of good quality [Osborne and Mendel, 1919; Mitchell, 
1924, 3]. 

Osborne and Mendel used chiefly “protein -free milk”, while Hoagland and Snider [1926; 1927] 
used yeast extracts, all of which supplements contain an appreciable amount of nitrogen. In 
the present work a dilute acetic acid extract from brewer’s yeast was used from which the proteins 
had been precipitated by boiling [Chick and Roscoe, 1929]. 

The diets were designed to support a subnormal degree of growth, which should be limited 
only by the amount of protein present. In this connection it is noteworthy that Osborne and 
Mendel [1916], in a comparison of caseinogen, lactalbumin and edestin, found that the differences 
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between the nutritive values of these proteins for growth could not be detected if the amounts 
present corresponded to more than 12*5 % of the total calories. It is found, however, that with 
diets which contain a very low percentage of protein, the food intake and growth are poor, and the 
results are very irregular. A 10 % level of protein (on the dry weight) was therefore chosen for 
the diets with whole wheat and whole yellow maize; the white maize, however, was so poor in 
protein that it was not possible to make a diet containing more than 9 % protein. 

The few recorded estimations of the biological values of proteins of maize 
and wheat using the criterion of Osborne and Mendel are summarised in Table I. 
The values are not consistent, those for whole wheat-proteins vary from IT to 
2*1 ; a value of 1*2 was found for whole maize-protein. 


Table I. Nutritional value of proteins of wheat a?ul maize 
for supporting growth in young rats. 




Dura- 

tion 

Initial 



Gain in 
body wt. 


Source 

% 

of 

wt. of 

Source of 

No. 

per g. 


of 

protein 

exp. 

rats 

vitamin B 

of 

protein 


protein 

in diet 

days 

g- 

complex 

rats 

ingested 

Observer 

Whole 

10 

30 

43 

Yeast 

6 

2*1 

Hoagland and Snider 

wheat 

10 

60 

43 

concentrate 

6 

1*6 

[1927] 

55 

10 

70 

60-70 

Wheat 

3 

1*3 

Osborne and Mendel 

55 

8 

70 

55 

99 

6 

1*1 

[1920] 

55 

5 

70 

55 

99 

4 

1*1 


55 

10 

56 

35-60 

Dried yeast 

10 

1*7 

Morgan [1931] 

Whole 

9 

56 

35-60 

5? 

4 

1-2 


maize 

9 

63 

— 

Maize (in 3 exps. 
vit. B extract) 

8 

1*2 

Maynard et al. [1923] 


Materials used . 


Table II gives the description and analysis of the cereal products used as sources of protein. 

The nitrogen was estimated by the Kjeldahl method and the crude fibre and fat by the methods 
of Weender and Dormeyer, respectively [see Lunge and Keane, 1911]. The carbohydrate was 
calculated by difference, and the calorie value of the diet as made up was estimated from these 
data. The composition of the diets, their water and protein contents and their calorific values 
are set out in Table III. The diets were fed chiefly in the raw condition, but some observations 
were made using the whole wheat and whole maize diets after mixing with 40-60 % of water 
and steaming for one hour. 

Table II. 

Composition (% of air-drv weight) 

, * — - > Calories 

Total Garbo- (kg.-cal.) 


Material 

1. Whole wheat 

Description 

Soft, red English 

Water 

14-3 

protein 
(N x 6*25) 

14-1 

Zein* 

Ash 

14 

Fibre 

1-6 

Fat 

1*9 

hydrate 

(diff.) 

66*7 

per g. 
(dry wt.) 

3*40 

2. Whole yellow 
maize f 

S. American 

(1) 14-0 

(2) 15-2 

(1) 9-3 

(2) 9-8 

3-3 (34)| 

1*2 

14 

2-8 

69*6 

3*43 

3. Whole white 
maize 

S. African 

10-7 

8-4 

2-6 (32)$ 

1*1 

1*9 

4*1 

73*8 

3*66 

4. Yellow maize 
gluten 

Prepared from S. 
American yellow 
maize 

8-7 

27-0 

11*7 (43)$ 

0*6 

1*3 

5*2 

57*2 

3*92 

5. White maize 
gluten 

Prepared from (3) 

6-9 

41-5 

22-0 (53)$ 

0-7 

0*7 

5*6 

44*6 

3*95 


* (N soluble in 90 % alcohol) x6*25. t Two samples used. $ % of total protein. 
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Table III. Composition of diets used. 


Cereal 

Wheat 

Yellow 

maize 

White 

maize 


Yellow maize-gluten 

- A. . 


White maize- 
gluten 

% protein approx. 

10 

10 

9 

^9 

13 

17*6 

22 

14*5 

23 

Wheat 

690 

— 

— 

— 








Yellow maize 

— 

1058 

— 

— 











White maize 

- — 

— 

1053 

— 











Y ello w maize-gluten 

— 

— . 

— 

312 

469 

624 

Slo 

■ 



White maize-gluten 

— 

— 

— 

— 






333 

535 

Salts 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Butter fat 

35 

35 

35 

35 

35 

35 

35 

35 

35 

Cottonseed oil 

23 

363 

— 

— 

20 

13 

6 


20 

.12 

Corn starch 

— 

— 

709 

557 

409 

225 

688 

483 

% water in diets 

12-9 

(1) 13*3* 

(2) 14-0* 

10*4 

12*3 

11*1 

10*9 

10*1 

11*9 

10*1 

% protein in dry 
diet (N x6*25) 

9- 73 

(1) 9*77* 

(2) 10*1* 

9*04 

9*02 

13*0 

17*6 

22*5 

14*5 

(1) 23*0 

(2) 24*54 

% total cals, from 
protein 

8-90 

(1) 9*58* 

(2) 9*89* 

8*655 

7*66 

11*3 

15*5 

20*2 

12*3 

(1) 20*2 
(2) 21*54 

Calorie value per g. 

4*37 

4*08 

4*18 

4*71 

4*61 

4*54 

4*46 

4*7< 

3 4*56 


dry diet 

* A sample of maize containing lower percentages of water and protein was used in earlier experiments, 
t Diet used for last 10 days of experiments. 

Digestibility. The digestibility of the protein in the whole maize and whole wheat diets was 
determined as follows. Young rats were kept in pairs in metabolism cages and fed on the experi- 
mental diet for a preliminary period of 3 days; the faeces were collected during a subsequent period 
of 4 days and the daily faecal output of nitrogen (N) and the nitrogen intake (I) estimated. The 
daily faecal output of endogenous nitrogen (E) was also determined for each pair of rats during a 
period in which a nitrogen-free diet was fed [see Roas-Fixsen, 1930]. The undigested nitrogen of the 

protein tested is then equal to N -E, and the digestibility to ^ x 100. The average 

figures, calculated from four experiments on each diet, were as follows : wheat, raw 84 % , cooked 
85 % ; maize, raw 92 % , cooked 89 % . Cooking did not therefore appear to alter the digestibility 
of these proteins, although it increased the food intake (see below, p. 597). The slightly higher 
values obtained for maize are probably not significant. 

Mitchell [1924, 2] also found the proteins of whole maize and whole wheat to be equally 
digestible, but the value determined, 94 %, was higher. 

There is some disagreement among different authorities as to the allowance that should be 
made for nitrogen of endogenous origin in the faecal nitrogen [see Schneider, 1934]. According 
to Mitchell [1924, 2], E is proportional to the amount of food taken, and in the expression N -E, 
the value of E should be adjusted to correspond with the actual food intake in the experiments 
with the proteins under consideration, which is almost invariably greater than in the trials on 
nitrogen-free diets. If such an allowance be made in the present case, the digestibility values 
are slightly raised, and those for the wheat diets slightly more than the corresponding figures 
for the maize diets, since rather more was eaten of the wheat than of the maize diet. The figures 
become: wheat-protein, raw 88 %, cooked 91 %; maize-protein, raw 94 %, cooked 92 % . 

Experimental. 

Black and white rats from the Lister Institute stock were used. At first, 
litters of young rats were placed on experiment at 21-22 days of age, irrespective 
of the body weight, which varied from 34 to 54 g. . Subsequently it was found 
more satisfactory to keep the young rats on the ordinary breeding diet until 
they weighed 50 g. or over. The experiment proper lasted for 10 weeks; the 
first week was treated as a preliminary period to enable the animals to become 
accustomed to the diet and calculations were made only on the results of the 
subsequent 9 weeks. Each rat was kept in a separate cage of the type used in 
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vitamin B work, a fine wire grid being placed over the coarse wire mesh of the 
cage floor to prevent loss of food. The legs of the cage rested on a sheet of 
blotting-paper which covered a tray containing peat. This facilitated the 
recovery of scattered diet and enabled trustworthy figures to be obtained for 
the intake of food. 

The diets were mixed and stored as air-dry powders. The daily ration was 
weighed accurately to 0*5 g., added to the residue of the preceding day and 
mixed with water to a paste. At the end of the experiment, or at the end of 
any of the periods into which it might be desired to subdivide it, the residue 
was collected in a weighing- bottle dried at 100° and weighed to 0*1 g. 

The diets to be compared were distributed as evenly as possible among litter- 
mates. Each rat received, five times a week, a supplement of 4-6 drops (85 mg.) 
of cod-liver oil to provide vitamins A and D, and 1*5 ml. of yeast fraction “5 55 
as source of the B- vitamins (see above, p. 593) ; 1 ml. of this extract was derived 
from 0*5 g. of the yeast, and contained 0*0065 g. nitrogen. The total nitrogen 
obtained from this source during the 9 weeks period of the observation amounted 
to 0*46 g. 

Results. 

The performances of the different groups of rats and a description of their 
general condition are given in Table IV. In no case was the growth normal, 
although this standard was approached with diets containing 22-24 % maize- 
gluten, where the average gain in weight was 100-109 g. in 9 weeks. 


Table IV. 











Total 


Ratio 



o / 

i'Q 



Increase 

Total food 

caloric 

Pro- 




protein 

No. 


in wt. 


intake (dry) 

intake 

tein 

g. gain 



in diet 

of 

Condition of rats at 

or. 

£5 


g* 


(mean) 

intake 

in wt./ 



(dry 

wt.) 

rats 

end of 10 weeks 




kg,- 

Of. 

g. protein 








Material 

used 

on diet 

Variation 

Mean 

V ariation 

Mean 

cal. 

(mean) 

intake 

1. 

Wheat 

9-7 

14 

Good . N o long silky 

44-66 

55 

324-510 

424 

1820 

40*5 

1*36 





hairs in fur 








2. 

Wheat 

9*7 

9 

Excellent 

42-94 

72 

364-624 

489 

2140 

47*6 

1*51 


(cooked) 











3. 

Yellow maize 

9*9 

16 

Not so good as (1). 

32-79 

52 

327-567 

406 

1660 

4.0*4 

1*29 





Coat poorer 








4. 

Yellow maize 

9*9 

9 

Good. Coats nearly 

26-87 

65 

285-631 

471 

1920 

47*2 

1*38 


(cooked) 



normal 








5, 

White maize 

9-0 

6 

As group 3 

19-85 

59 

323-628 

501 

2095 

45*3 

1*30 

6 . 

Yellow maize- 

9*0 

4 

Poor ( 

-4H+17) 

6 

176-286 

227 

1070 

20*4 




gluten 









7. 


13-0 

5 

Fair •. 

6-78 

24 

213-285 

261 

1200 

34*0 

0*71 

8. 


17*6 

9 

Good l Coats nearly 
normal 

31-74 

58 

287-505 

413 

1870 

72*6 

0*80 

9. 

55 

22-5 

4 

Good 1 

83-128 

100 

475-666 

550 

2450 

124*0 

0*81 

10. 

White maize- 

14*5 

7 

Stools rather loose 

52-77 

64 

387-520 

460 

2160 

67*0 

0*96 


gluten 










11. 


23*0* 

3 

55 

93-125 

109 

565-674 

637 

2900 

148-0 

0*74 


* 24-5 for last 10 da\ r s. 


The amounts of the food intake, protein intake and increase in body weight 
of rats receiving the whole raw wheat diet (10 % protein, Group 1) are of the 
same order as those of the animals on the s im ilar diet made with whole raw 
yellow maize (Group 3). There is a similar correspondence in the results obtained 
with the cooked wheat and cooked maize diets (Groups 2 and 4). In these 
experiments, therefore, the values obtained for the biological value of the 
protein, as estimated by the ratio X l5 are comparable. The value for the protein 
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of whole raw wheat, 1*32, is slightly higher than for raw yellow maize, 1*29. In 
the six observations with raw white maize (Group 5, 9 % protein) the average 
food intake and growth were higher than for Groups 1 and 3 ; the growth per g. 
protein was the same (1*30) as for yellow maize. 

Of the cooked maize and wheat diets (Groups 4 and 2) more was eaten, and 
‘there was a larger increase in body weight, also the values of the ratio X. were 
greater than for the raw diets, and that obtained for cooked wheat-proteins 
(1*51) was definitely larger than for cooked maize-protein (1*38). Since it is 
unlikely that the nutritive value of the proteins of these cereals is improved 
by steam cooking, it would appear that the palatability of the diets, apart 
from the quality of the protein, affected the values for biological value obtained 
by this method of calculation. 

In the experiments with the maize-glutens, a much lower food intake and 
less growth occurred when the diets contained from 9 to 13 % protein. Only 
when 14-18 % protein was present did the food intake and weight increase reach 
the levels (413-460 g. and 58-64 g. respectively) obtained with 10 % protein 
derived from the whole grains. The amount of protein ingested in the experi- 
ments with the maize-gluten was much greater, and the values obtained for the 
ratio X x are correspondingly lower and vary from 0*71 to 0*96 (see Table IV). 

Relation between protein intake and weight increase . 

In Fig. 1, increase in weight is plotted against protein intake for each rat 
in the groups receiving diets containing 10 % protein from whole wheat and 



Fig® 1. Relation between gain in weight and protein intake for young rats on diets 
containing 9—10 % protein from whole wheat, and whole maize. 

x Wheat, raw. + Wheat, cooked. ^ © Yellow maize, raw 

® Yellow r maize, cooked. E White maize, raw. 
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whole yellow maize, and 9 % protein from white maize. The experimental points 
lie grouped about a straight line, which, if produced backwards, cuts the base 
line at a distance from the origin corresponding to about 10 g. protein. Although 
it may seem unlikely that 10 g. protein could represent the maintenance re- 
quirements for rats whose average body weights varied from 60 to 100 g., yet 
if this amount is subtracted from the total protein ingested and the excess 
regarded as being used for growth requirements, the increase in weight is found 
to be proportional to this excess. The value of the ratio X 2 thus calculated 

( _ a \ was found to be roughly constant in value, irrespective of 
food or protein intake. 

10 g„ protein in 9 weeks, together with the nitrogen (0*46 g.) derived from the E-vitamin 
supplement, provided a daily ration of (25*4 + 7*3) 33 mg. nitrogen, an amount which is about 
what might be expected for maintenance requirements. Mitchell and Carman [1924] found that 
about 30 mg. was the daily total nitrogen output on a *‘N-free ” diet of young rats from 60 to 130 g. 
weight. Using their figure for the biological value of wheat-proteins (av. 67) the daily requirement 
of wheat-nitrogen to balance this expenditure would be about 44 mg. From the results of experi- 
ments with another series of rats, from 45 to 80 g. weight [Mitchell, 1924, 3] the endogenous daily 
nitrogen requirements can be calculated at from 17 to 23 mg. or about 30 mg. wheat -nitrogen . 


Table Y. Biological values of the proteins of whole wheat 
and whole maize. 



No. 

of 

rats 

Caloric 

intakes 

Gain in weight 
Prot. intake 

=(*i) 

Gain in weight 
Prot. intake - 10 
= (X 3 ) 

X 9 

mean 

value 

Diet 

Variations 

Mean 

t 

Variations 

Mean 

10 % wheat* 

7 

8 

8 

1415-1694 

1837-2000 

2026-2727 

1*20-1*53 

1*14-1*53 

1*31-1*69 

1*36 

1*37 

1-50 

1*69-2*27 

1*48-2*02 

1*64-2*05 

1*91] 
1-80 
1*87 J 

1*85 

±0*0256 

10 % yellow 
maize* 

10 

6 

9 

1153-1505 

1713-1846 

2005-2574 

0*93-1*45 

1*10-1*47 

1*29-1*52 

1-22 

1*31 

1*40 

1*46-2-03 

1*61-1-87 

1-61-1-90 

1-76^ 

1*69 

1 - 74 ; 

1*73 

' ±0*0229 

9 % white maize 

5 

1520-2626 

1-07-1*50 

1*30 

1-44-1*81 

— 

1*65 


* The figures in this Table are derived from all experiments made with these diets, 
both raw and cooked. 

In Table V, which includes the results of all experiments with wheat and 
maize diets, both cooked and uncooked, values are given of the ratio X 2 , ob- 
tained after subtraction of this “maintenance protein 55 from the denominator. 
Values are also given of ratio X l5 in which this correction is omitted. The data 
from which these ratios are calculated show great individual variation as regards 
food intake and gains in weight and the results from the 23 and 25 rats which 
received respectively the wheat and yellow maize diets are ranged in three groups 
according to the caloric intake. As this is increased, so the value of X x is found 
to increase, whereas that of X 2 remains approximately constant. 

The values for X 2 calculated from experiments with the cooked wheat and 
maize diets are grouped together with the values derived from the experiments 
with the raw diets, because they showed no significant difference. The figures 
were: for wheat-proteins, raw 1*83, cooked 1*90; for maize-proteins, raw 1*72, 
cooked 1*74. As shown in Table IV, both intake, growth and the values for X! 
were greater for the cooked than for the raw proteins, hut since the correction 
in the denominator, employed in calculating X 2 , is proportionally less for the 
cooked than for the raw diets, the values for X 2 tend to become more nearly 
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identical than those for X x (wheat-proteins, raw 1-36, cooked 1*51; maize- pro- 
teins, raw 1*29, cooked 1*38). 

The average value of X 2 obtained for whole wheat-protein, 1*85, is slightly 
higher than that for the whole maize-protein, 1*73. The difference between these 
mean values (0*12) is more than three times the probable error of this difference 
(0*0343) ; there is therefore a more than 20 : 1 chance that the difference found 
between the nutritive values of wheat- and maize -proteins for growth is signi- 
ficant. On the other hand, in comparison with the maize diet, the wheat diet 
contained a slightly lower proportion of protein -relative to the total calories; 
and the protein may therefore have been utilised with slightly greater efficiency 
for that reason. 

Maize-gluten. The results in Table IV indicate an inferiority of the maize- 
gluten diets as compared with those composed of the whole grain. For example, 
the rats in Group 8, receiving diets containing 17*6 % protein from yellow 
maize-gluten ingested food of about the same total calorie value (1870 kg. -cal.) 
and showed about the same average increase in weight (58 g.) as the rats in 
Group 3, receiving diets with only 10 % protein derived from the whole maize 
grain (1660 kg. -cal.; increase in weight 52 g.) and as those in Group 1 receiving 
a similar diet prepared from whole wheat (1820 kg.-cal. ; increase in weight 55 g.). 
In the first case this amount of growth was supported by a total of 73 g. protein 
whereas in the second and third instances only 40 g. protein were needed. 



Fig. 2. Relation between gain in weight and protein intake for young rats 
on diets containing 9 to 23 % protein from maize-gluten. 




% protein 

© 

Yellow maize-gluten 

9*0 


99 99 

13*5 

□ 

99 99 

17*5 

A 

99 99 

22*0 

X 

White maize-gluten 

15*0 

J r 

99 99 

23*0 


Fig. 2 shows graphically the results of the whole series of experiments with 
the yellow and white maize-glutens. In this case the points appear to lie on a 
fiat curve and no simple relation is shown between the weight increase and 
protein intake. It should be remembered, however, that in the experiments 
with whole wheat and whole maize illustrated in Fig. 1, the protein was fed 
throughout at approximately the same level (10 %) whereas, in the experiments 
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with the glutens, the protein level varied from 9 to 24 % . The form of the curve 
indicates that the gluten is utilised with less efficiency when present in the diets 
at higher levels. 

The point at which the curve cuts the abscissa corresponds with an intake 
of about 18 g. protein in 9 weeks, which would suggest that the amount of 
maize-gluten-protein required for maintenance is greater than the amount re- 
quired of whole maize-protein. 

Since, however, this point for maize-gluten is determined mainly by experi- 
ments with diets containing over 14 % protein, this value for maintenance 
(18 g.) cannot fairly be compared with that obtained for the whole cereal diets 
(10 g.). The results of the experiments with 9 % protein from yellow maize- 
gluten appear, at first sight, to indicate that about 15-25 g. maintenance protein 
are required at this level also. It must, however, be remembered that, in these 
experiments (Group 6, Table IV), the caloric intake was very low, so that some 
protein may have been used to provide energy and the protein maintenance 
requirements raised on that account. 

In the samples of white and yellow maize the proteins contained 32 % of 
zein (calculated from the amount of nitrogen soluble in strong (90 %) alcohol) 
and presumably about 68 % of glutelins and globulins [see also Osborne and 
Mendel, 1914]. The similarity in nutritive value between the total proteins of 
whole wheat and of whole maize indicates that the glutelin and globulins con- 
tained in the maize are able to supplement the deficiencies of the zein. 

In the specimens of maize-gluten used, the proportion of alcohol-soluble 
protein was much greater than in the whole grain, and amounted to 43 and 53 % 
of the total protein in the yellow and white maize-glutens, respectively. Pre- 
sumably the 57 to 48 % present of other maize-proteins retained in the gluten 
was insufficient to supplement this larger proportion of zein. 

Summary. 

1. An attempt has been made to measure the relative nutritive values of 
the proteins of wheat and maize for the growth of young rats, using the criterion 
adopted by Osborne and Mendel, viz. the gain in weight per g. protein ingested. 

2. The proteins of whole wheat and of whole yellow and white maize ad- 
ministered in diets containing 9-10 % of these proteins were found to have 
nutritive values of about the same order, being 1*36, 1*29 and 1*30 respectively, 
as determined by the above method. After cooking, these cereal diets were 
taken better by the animals, and the nutritive value of their proteins appeared 
to be slightly greater (1*51 and T38 for wheat and yellow maize -proteins 
respectively). 

3. Graphic representation of the above results indicated that, if an amount 
of protein (10 g.) w T ere subtracted from the total protein ingested over the ex- 
perimental period of 9 weeks, the ratio, growth jg. protein ingested, was roughly 
constant in value and independent of the food intake. This 10 g. might be 
supposed to represent “maintenance requirements’ 3 apart from those of growth. 

The value of the ratio - - pr Q t^n i ngested 8 - i d wou ^ ^ en indicate the biological 
value of the proteins for the growth of young rats. 

4. The value of this ratio was 1*85 for the proteins of wheat, and 1*73 for 
those of maize, when present in the diet at a 9-10 % level. There was no 
difference between values obtained for the cooked and raw cereals. 
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5. The nutritive value of “maize-gluten” was found to be inferior to that 
of the proteins of the whole gram, doubtless due to the greater proportion of 
zein contained. 

6. The results of the above experiments, showing only a slight difference 
between the nutritive values of the proteins of whole wheat and whole maize 
for support of growth in the young rat, is in accord with previous work showing 
their similar values for maintenance of the adult rat. 

We wish to express our gratitude to Dr H. Chick for her constant help and 
criticism during the investigation. Two of us (M. A. B-F. and J. C. D. H.) are 
indebted to the Medical Research Council for grants and to the Lister Institute 
for hospitality. We wish also to acknowledge the help given by Messrs Brown 
and Poison and Messrs MacKean of Paisley in providing us with the maize 
products, and by Mr Walter Acton of the latter firm for much information con- 
cerning them. We also acknowledge the assistance of Messrs J. and H. Robinson 
in providing the samples of whole wheat used. 
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LXXXV. BRADYCARDIA IN THE VITAMIN B r 
DEFICIENT RAT AND ITS USE IN VITAMIN Bj 
DETERMINATIONS. 

By THOMAS WILLIAM BIRCH and LESLIE JULIUS HARRIS. 

From the Nutritional Laboratory , University of Cambridge , and 
Medical Research Council . 

(. Received March 1st , 1934.) 

In an earlier paper [Drury et al., 1930] it was shown that rats suffering from 
vitamin B x deficiency had low heart rates. When vitamin B x was administered 
rapid cures resulted, the effect on the heart rate being proportional to the amount 
of vitamin allowed. It was suggested that this action on the heart might form the 
basis of a very convenient, rapid and accurate method for estimating the vitamin. 
Vitamin B 2 and various other food constituents were without similar action. 
During the past three and a half years this method has been in continuous use 
in this laboratory where it forms our usual routine method of test in vitamin B 1 
assays. As a result of this further experience — during which several hundred 
tests in all have been carried out — we have had the opportunity of collecting 
further evidence as to the advantage of the method and have examined its degree 
of accuracy when carefully checked against other standard methods of vitamin B x 
assay. In the present paper we present a typical set of results, illustrating the use 
of the method in practice. The principal examples which we gi ve relate to tests on 
the materials selected for investigation in 1930 by the sub-committee appointed 
in this country to examine methods and standards for vitamin B t , preparatory 
to the adoption of the League of Nations International Standard. These materials 
were (1) the fi< activated acid clay” standard, and certain specimens of (2) yeast, 
(3) marniite and (4) wheat germ. Parallel determinations on each of these four 
materials were carried out by us by three other methods, viz. (1) cure of con- 
vulsions in rats, (2) growth rate in rats, and (3) cure of “polyneuritis” (head 
retractions) in pigeons, and are here compared with our results by the brady- 
cardia method. These data were included in the memorandum on antineuritic 
vitamin B 1 , placed before the International Conference on Vitamin Units and 
Standards of the Permanent Standards Commission of the Health Organisation of 
the League of Nations, London 1931. 


PART I. 

Determination of vitamin by the bradycardia method. 

1. Technique. 

The electrocardiographic records needed in this method are taken by a 
procedure already outlined [Drury et al 1930]. The unanaesthetised rat is held 
down firmly on its back on a board, its head being held by an adjustable metal 
clamp and its paws and hind-legs fixed by slip nooses attached to cleats at the 
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side of the board The electrodes consist of two small needles, one being placed 
under the skin of the right fore-leg the other at the lower end of the thorax These 
needles are connected to a Matthews’s portable electrocardiograph on which 
permanent photographic records are then taken. 


The method of carrying out an assay is as follows. 
40 g. are placed on a basal diet of 


Young rats weighing about 


Sugar 

Araeliis oil ... ... 

4 4 Light white casein 55 

Salt mixture ... 

Autoclaved marmite (1 hr., 15 lbs., p R 10) 
Cod-liver oil 1 dron dpt 


1 drop per rat per day. 


After about 3 weeks, when the animals are beginning to decline in weight 
electrocardiograms are taken. By this time the heart rate should have fallen from 
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Table I. 

Duration of cures. 

Average 

Relative 

activity 


Bose fed 

Individual duration of 

duration of 

calculated 

Material 

§* 

cure (days) 

cure (days) 

from curve 

Activated clay 

0*01 

1*5 

1-5) 


0*02 

0*04 

2*5, 4*5, 2*5, 4, 4 

6 

3-5 L 

6 ) 

100 

Yeast 

0*1 

3, 3, 3*5, 4*5 

3*5 

21 


0*2 

4, 5, 6 

5 

16*5 

ms 

Mannite 

0*2 

2 2 

*>. 

(6) 


0*4 

5, 5 

5 

8*3 

8*3 

Wheat gerai 

0*1 

I 

1 

5*5 

0*2 

2, 2, 4, 3*5 

3 

9 


0*4 

5, 3 

4 

6*5 

7 



Fig. 2. Bradycardia method: dose-effect curve. 


x = Activated acid clay standard, 
o = Yeast. 

• — Marmite. 

4- = Wheat germ. 

To determine the scales for the unknown, the points for the standard are first plotted; un- 
knowns are next plotted roughly at approximately the correct scale ; and then the value for each 
point of the unknown is calculated against the standard curve. The average of these values (shown 
in Table I) is used in re-plotting for final comparison, as above. 
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the norma! rate of 506-550 per minute to a rate of about 350 per minute. As 
soon as the rate has fallen, to this figure a single dose of the substance to be tested 
is fed. The animal is replaced in its cage and given basal diet and water ad lib . as 
before. After 24 hours its electrocardiogram is again taken. If the rhythm has not 
increased a larger dose must be tried. With a sufficiently large dose the rate is 
suitably increased and is measured every 24 hours, or better twice daily, until it 
has fallen again to about the same low value as when the dose was administered. 
The increase in rate and the time over which the increase lasts are roughly pro- 
portional to the dose given. Several levels of unknown are tested in this way, 
with about 4 to 6 animals in each group, and comparison is made simultaneously 
with the amount of standard reference material needed to produce the same 
effect. A dose-effect curve may be plotted from which relative activities may be 
determined for intermediate readings, whenever the “effects” are not quite 
identical (c/. Fig, 2). Cures of about 4 days’ duration are found to be the most 
suitable basis for comparison. A quick method, when approximate results suffice, 
is to find the amount of supplement needed to give the smallest detectable effect 
on the heart rate lasting about 1-2 days. If doses lasting longer than about 
4-5 days are given errors may be caused by apparently incomplete utilisation of 
the vitamin. This is especially the case with sources of moderate activity and less 
so with active concentrates. 

2. Illustrative results . 

In the tests taken for description here the “activated clay” standard was 
compared with yeast, marmite and wheat germ fed simultaneously at two or 
three different levels of activity. Fig. 1 gives the daily records of the heart rates 
after dosing. It is seen that 0-62 g. of activated clay is roughly equivalent to 
0-1 g. of the yeast, or slightly more potent than 6*2 g. of marmite or of wheat 
germ, and other doses in proportion. The average durations of cure at each level 
of dosage are worked out in Table I, and the relative activities of the four sub- 
stances can then be calculated more accurately from the combined dose-effect 
curve, Fig. 2. The activities so determined, taking activated clay as 100, are: 
yeast 19, marmite 8, wheat germ 7. These results will be found to agree excellently 
(Table VII) with those determined by the three other standard methods. We 
now turn to a discussion of the latter, giving various recommendations as to the 
technique which we have found most advantageous, and shall return later to a 
comparative discussion of the bradycardia method. 


PART II. 


Cure of convulsions in rats. 

L Method . 

Our technique is a modification of that described by Smith [1930]. 
Diet. The basal diet consists of 


4 e Light white casein ” 

18 

Salt mixture 

... 4 

Arachis oil 

10 

Sucrose ... ... 

58 

Autoclaved brewer’s yeast . . . 

... 10 

Dried brewer’s yeast 

0-4 

Cod-liver oil 

1 drop per rat per day, 
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The small addition of brewer’s yeast is made because in our experience a larger 
percentage of the rats develop convulsions consistently when a trace of vitamin B x 
is provided in the diet, which is in conformity with the conclusions of Sherman 
and Sandels [1931] and Sebrell and Elvove [1931]. The 04 % level was chosen 
because after numerous trials it was found to give the best results. Sugar is used 
in place of starch in order to avoid risk of refection and also because we found 
that the substitution tended to increase the percentage incidence of convulsions. 
On this diet over 50 % of animals can be relied upon to develop convulsions at the 
regular time. 

Preparation of animals . Young rats, either albino or piebald, weighing about 
70-80 g. are placed on the above diet. After about 6-8 weeks, appetite having 
fallen considerably, “polyneuritic” symptoms begin to appear. The rat develops 
leg weakness and drags his limbs, the gait is “wobbly” and there is evidence of 
inco-ordination (swollen red paws said to be indicative of deficiency of Reader’s 
“vitamin B 4 ” have not been seen). As a criterion for the presence or absence of 
definite “polyneuritis” the rat is picked up and suspended by the tail, and 
rotated between the thumb and finger for a second or two : if convulsions follow 
the rat is ready for use. 

Method, of test. A single dose of the substance to be tested is administered to 
each of a series of such rats. If, as in the work under description, the substance is 
a foodstuff, it is fed per os. If it is an active concentrate it is probably better to 
inject it into the peritoneum. Provided a sufficient dose has been given the 
animal is cured within 24 hours. If it is not cured in 2 days the test is regarded 
as negative, and a larger dose is then given. Animals which die within 24 hours 
of dosing are neglected, as when they are in the proper condition they should live 
for at least two days with the “polyneuritic” symptoms. If the dose has been 
sufficient and the animal is cured, the number of days 5 respite from convulsions 
is noted. 

Normally, using the minimum dose of standard needed to effect a proper 
cure, the cure lasts about 5-6 days. With certain substances, however, such as 
marmite it tends to last slightly longer, e.g. about 8-12 days: this may be due to 
the slower rate of absorption. 

Calculation of results. The agreement between duplicate animals as regards 
the duration of cure is very close. For example a 6-day dose will produce cures 
lasting somewhere between 4 and 9 days in the great majority of animals in any 
given group. Occasionally, however, an animal may be encountered which 
behaves abnormally, appearing to remain cured or partially cured over a pro- 
tracted period : such animals are neglected in computing the results of the assay. 
In a few cases these same animals have also failed to respond normally during the 
depletion period, and coprophagy was suspected — it cannot always be obviated 
even with screened floors. 

If an approximate idea only is desired of the potency of different preparations 
under test, it can be obtained with great ease and using very few rats by simply 
comparing the minimum doses of each needed to produce a definite cure — such 
cures usually lasting about 5 days. This method is especially useful in deter- 
mining roughly the activity of solutions during a process of concentration. 

At about this minimum level, however, results tend to be more variable and 
partial cures are more frequent. More precise results are obtained therefore by 
providing sufficient of the supplement to give cures lasting from about 6 to 12 days 
and feeding several dosage levels of both unknown and standard, using several 
duplicate rats at each level. Doses of standard and unknown are then compared 
which give approximately the same duration of response. To allow for slight 
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differences a dose-effect curve (Fig. 3) is plotted, but it is always advisable to 
restrict comparisons to doses of unknown and standard which give similar 
magnitudes of cure. At medium levels the duration of cure is found to be very 
nearly proportional to the weight of vitamin given, so that the method of 
calculating activity from “day-dose” (dose given/average duration of cure) is 
reasonably accurate. As higher levels are reached however the increase in 
duration of cure does not quite keep pace with the increase in dose. 



Amount fed, g. 


Fig. 3. Convulsion in rats: dose-effect curve. 

x = Activated acid clay standard. O = Yeast. 

# = Mar mite. + = Wheat germ. 

Scale divisions determined as for Fig. 2. 

Degree of accuracy attainable. The relatively small degree of variation between 
individual animals on duplicate doses of a supplement is seen from reference to 
Table II. Thus at the level of 0*02 g. of activated clay, 13 out of 20 animals gave 
cures lasting 4 to 8 days, i.e. within 30 % of the median value of 6 days. Or 
again, with 0*4 g. of mannite 14 animals out of 22 gave a result within 20 % of 
the median value of 12 days, while 18 out of the 22 fell within 8-16 days, or 30 % 
of the median. Hence with 5 animals in a group, duplicate determinations based 
on the median value should certainly not differ by more than 30 %. From a 
practical point of view this may be taken as the “possible percentage error of the 
method,” he. when comparing one single dose level of standard with the equivalent 
level of control and using 5 animals in each group. Actually, in any complete 
assay based on a series of such comparisons, the final error is naturally con- 
siderably less, as, will be seen from Tables II and VII. 

2. Results. 

The determinations on yeast, marmite and wheat germ, taking activated 
clay as standard, are shown in Table II. They confirm the results given by our 
bradycardia method, the two sets of values being in excellent agreement. 

39—2 
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Table II. Cure of convulsions. Experimental results. 



Dose 

No. 

of 


Days 

pro- 

tected, 

Acti- 

vity 

calcu- 

lated 

from 

Material 

or 

o* 

tests 

Days protected 

mean 

curve 

Activated 

0-01 

6 

h, (-), H, H, r, (-> 

— 

— 

acid clay 

0*02 

(13 

10, 7, 6, 4, 4, 4, (20), S, 7, 5, 7, (13), 5 
[5, 5, 9, 6, 11, (-),(-)] 

6*1 

- — 

\m 

[6] 

100* 


0-04 

0*05 

4 

3 

13, 9, 11, 13 

17, 12, 14 

11*5 

— . 

Yeast 

0*05 

6 

(-). (-). H. (-). (-). (-) 

— 

— 


0-10 

9 

5, 7, 5, 7. 10, 6, 6, 6, 4 

6*2 

20 


0-20 

5 

16, 8, 9, 12, 8 

10*6 

18*5 

19*3 

Marmite 

0-2 

6 

H. (-)• ("). H. W. (") 

— 

— 


0-3 

1 

J 7 

H 

10, 7, 7, 10, 6, 11, 8 

8*4 

7*3 


0*4 

|[15] 

[13, 12, 14, 12, 11, 8, 12, 13, 17, 11, 12, 16, 11, 13, 22] 

[12*5] 

10*5 


0*5 

2 [1] 

[13], 12, 11 

12*0 

8*4 


0*8 

[1] 

[18] 


lk7 

Wheat germ 

0*1 

3 

(-) 

__ 

— 

0*2 

5 

3, 3, 7, (-), (-) 

4*3 

7 


0*4 

4 

8, 6, 10, 7 

7*8 

6*8 

6*9 


Figures in round brackets indicate partial cures, or abnormal response. 
Figures in square brackets were determined at a separate time. 

* = Standard of reference. 


PART III. 

Determinations by the growth rate method. 
1. Technique. 


Diet . We use a basal diet having the following composition : 


Axachis oil 

... 15 

Sugar 

... 60 

“Light white casein 55 

20 

Salt mixture ... 

Alkaline autoclaved marmite after 

... ... 5 

Guha and Drummond 1 

0*75 g. per rat per day 

Cod-liver oil 

... 1 drop per rat per day. 

Experiments have also been carried out using rice starch in place of sucrose, and 


these gave identical results. In order to avoid risk of refection however we prefer 
to use sucrose, which has the additional advantage of being a more standard 
product. The “light white 55 variety of caseinogen is used in order to avoid any 
possibility of shortage of the “Coward factor 55 . 

Influence of variations in vitamin B 2 supplement. In one series of experiments 
0*5 g. of autoclaved marmite was given per day in place of 0*75 g. Growth rate 
was consistently less. This experience emphasises the necessity, frequently 
overlooked, of always making comparison between animals receiving the same 
amount of vitamin B 2 , in computing results. 

1 Made alkaline to litmus and autoclaved for 1 hour at 15 lbs. 
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Method of test , During the preliminary period albino rats of 56 to 70 g. weight 
are fed on the above diet. If smaller animals, around 40 g., are taken lower growth 
rates are obtained, and results are liable to be more variable. Groups should 
contain equal proportions of male and female, or preferably males only should 
be used. As soon as the animals begin to lose weight or are remaining constant, 
graded daily doses of unknown and standard are fed to groups of rats. The 
growth rate is then measured over a period of 2-3 weeks. 

Calculation of results. Comparison between standard and unknown must he 
made over that range where small additions of the vitamin have the greatest 
effect on the growth rate, that is to say between 1 and 2*5 g. per day (Fig. 4). Over 



Fig. 4. Growth rate method. Dose-effect curve with international standard 
(0*75 g. autoclaved marmite per rat per day). 

this range the dose is nearly proportional to the growth rate, so that it is legitimate 
to calculate activity by dividing average gain in weight by dose given. It is 
preferable however to plot a dose-effect curve for unknown and standard. This 
should include at least two points for the standard on the steep part of the curve 
and at least one Intermediate or coincident value for the unknown (or vice versa). 

Variability of ££ standard reference curve ” The suggestion has been made that 
trouble may be saved and less animals used by constructing a standard reference 
curve, showing the relation between dose and effect, which, it Is suggested, may 
then be applied to any future experiment. We have found (as we reported in the 
memorandum to the Vitamin Conference in 1931) that this procedure is inaccu- 
rate, since the curve may vary appreciably from one experiment to another, 
owing to the considerable number of uncontrollable variables. Thus, in one ex- 
periment, summarised in Table III (and Fig. 4), in which five levels of standard 
were tested, using 4 or 5 rats, all males, in each group, the growth was found to 
be proportional to the dose given up to the level of about 2*5 g. per day and then 
fell off rapidly, whereas in the earlier experiment (Fig. 6, top), it remained 
proportional up to 3*5 or over. It follows that direct comparison between 
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Table III. Growth responses with graded doses . 


Amount of 
standard fed 

Average gain in wt. 

Mean gain 

mg. per day 

g. per day 

in wt. 

7 

1*2, 1-7, 1*0, 1*1, 1*2 

1*2 

12 

2*5, 2*0, 1*5, 1*9 

1*9 

20 

2*5, 2*7, 2-4, 2*9, 2*6 

2*6 

25 

3*1, 2*8, 2-7, 2*8, 3*1 

2*8 

35 

3*0, 3*2, 2*6, 2*9 

2*9 


unknown and standard must be made in each individual experiment. This has 
since been accepted by Coward et al. [1933] in a recent paper. 

Degree of accuracy attainable . Differences of ± 20 % in activity can generally 
be readily detected by the method described. This is well illustrated by the 
experiment (Table IV) in which we fed supplements at 80, 100 and 120 mg. per 
day of marmite to groups of 4 to 5 animals only. Comparing groups of the same 
sex the differences in response are quite marked (cf. dose-response curve shown in 


Table IV. 


Amount of 





marmite fed 

Average daily gains in wt. (g.) 

Mean gains in wt. (g. 

per day 

r 

% 

r 

" ' ' *4 

mg. 

<? 

9 

o' 

o 

80 

0*44, 0*44 

0*16, 0*12, 0*02 

0*44 

0*10 

100 

0*82, 0*82 

0*24, 0*62 

0*82 

0*43 

120 

M, 1*3 

0*45, 0*70 

1*2 

0*57 



Kg. 5. Degree of accuracy of growth rate method. 


Mg. 5). (In this experiment the animals grew at a somewhat slower rate than is 
usual for this level of marmite. This was attributed to their having started on 
experiment at the weight of 40 g. in place of the usual 50-70 g.) 
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To determine the largest individual variation in a larger group of animals and 
so obtain a more exact measure of the accuracy of the method, a further experi- 
ment was carried out. Doses of 160, 140 and 120 mg. of marmite respectively 
were fed to groups of 9, 5 and 5 animals, all males. The growth rates are given in 
Table V. It is seen that in the group of 9 the maximum variation is from 1*7 to 

Table V . Individual variability of animals in groups. 

Amount of 

marmite fed Mean daily gain 

mg. per day Average daily gains in wt. (g.) in wt. (g.) 

120 0*9, 2*4, 1*8, 1*9, 1-9 1-8 

140 1*8, 1*4, 1*9, 1*0, 1*8 1-8 

160 2*4, 1*9, 2*3, 2*4, 2*6, 1*7, 2*0, 1*8, 1*9 2*1 

2°6 g. per day, that is about 25 % either way of the median value of 2*1 g. per 
day. The remaining 7 animals are all within 14 % of the median. Tour out of the 
9 are within 10 %. In the two groups of 5, 3 or 4 animals agreed within 10 % of 
the median. 

From the foregoing figures it may be expected that in a determination using 
5 animals in a group (at a suitable level of dosage), 3 out of 5 animals should agree 
within 14 % ; and an accuracy of this order is about the best that may reasonably 
be looked for. Actually in the experiment under discussion the difference be- 
tween doses of 140 mg. and 120 mg. ( = — 14 %) was not detected when groups 
of 5 animals were used, but the difference between 140 and 160 mg. ( = — 12 %) 
was detected when groups of 5 and 9 animals respectively were used. On the 

Table VI. Growth method. Summary of results. 

Mean growth Relative aetivi- 




Average growth 

rate g. ties calculated 

Material 

Dose (g.) 

rate g. per day 

per day from curve 

1st series : 0-5 g. autoclaved marmite 




Activated clay 

0*007 

-1, -0*5 

-0*75] 


0*014 

2, 1*9, 1*7 

1*87 ! 

100 (a) 


0*028 

2*7, 2*2 

2*45; 

Yeast 

0*04 

0 , 0 

0 

— 


0*08 

1*7, 1*9, 2*6 

2*07 

20 


0*16 

3, 2*4 

2*70 

21 





20*5 

Marmite 

0*1 

-0*2, 0*5 

0*15 

— 

2nd series: 0-75 g, autoclaved marmite 




Activated clay 

0*03 

4*2, 3*8 

4 

(103) 

Yeast 

0*05 

1*8, 1*0 

1*40 

20 


0*10 

3*3, 1*9 

2*60 

20 


0*20 

3*9, 3*7, 3*3 

3*63 

20(b) 

Marmite 

0*07 

0*75, 0*6 

0*68 

9*1 


0*14 

2*4, 1*5, 1*6 

1*83 

9*6 


0*28 

2*5, 3*4, 3*3 

3*07 

8*6 





9*1 

Wheat germ 

0*1 

1*2, 0 

0*60 

6*5 


0*2 

1*7, 2*3 

2*00 

7*5 


0*4 

4*2, 3*6, 3*8 

3*87 

7*5 





7*2 


(a) = Standard. 

(6) — Secondary standard. 
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other hand it should be pointed out that when an assay of an unknown is carried 
out by feeding several different levels of unknown and of standard, the final result 



Fig. 6. Vitamin determination by growth, rate method. 

x = Activated clay standard. O = Yeast. 

# =Marmite. 4- = Wheat germ. 

Scale for abscissae determined as in Fig. 2. Note difference in response with 0*5 g. autoclaved 
marmite per rat per day (below) and 0*75 g. (above). 

is then more accurate than just indicated, for although there is a possible error 
of 14-20 % in each single group, these tend to cancel each other when the final 
averages are determined (see Table VII) . 
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2. Results. 

Determinations on activated clay, yeast, mannite and wheat germ gave 
results virtually identical with those determined by the bradycardia method. Two 
determinations were carried out: in the first the yeast was compared directly 
with the acid clay as standard; in the second yeast was used as secondary or 
derived standard for determining the activity of the mannite and the wheat germ 
(Table VI and Fig. 6). 


PART IV. 

Comparison op the “bradycardia” and other methods of assay. 

Specificity of test. The results described in Sections I, II and III show that the 
“bradycardia method” gave identical values with the two other methods of 
assay, when checked against four materials of diverse origin having activities 
ranging from 7 to 100. The same figures were given in a few pigeon tests which 
we also carried out (cure of head retractions) 1 . The comparison of these results, 
together with further values obtained independently in other laboratories, is 
given in Table VII. The values obtained by the three rat methods appear to 
agree within an experimental error of + 5 % . 


Table VII. Agreement betiveen bradycardia and other methods . 

Relative activities 


Method 

Activated 

clay 

standard 

Dried 

yeast 

Mannite 

Wheat 

germ 

Bradycardia method 

100 

18-8 

8-3 

7 

Cure of convulsions in rats 

100 

19-3 

8-7 

6*9 

Curative growth tests on rats 

100 

20 

9-1 

7-2 

Pigeon method 

100 

18 

8*5 

— 

“Institute B” (rat growth tests) 

100 

(15) 

9 

7 

“Institute C” (pigeon tests) 

100 

20 

(11) 

(14) 


Values in brackets are somewhat divergent from five other concordant readings on the same 
material and are considered less reliable. 

This very close agreement (which is confirmed by tests on vitamin B x con- 
centrates and other materials) indicates that the factor measured by the brady- 
cardia method runs parallel in its distribution with that measured by the other 

1 The basal diet used was polished rice and water. Only such pigeons as developed head 
retraction within 30 days were used. These amounted to about 30 % only of the total. Minimum 
doses were compared giving approximately the same duration of cure and corrected for the 
“day-dose.” Our experience confirms that of other workers that the pigeon gives more erratic 
results than the rat awing to the greater variation in individual responses. Among the disadvan- 
tages of the pigeon method are: (1) a frequent failure to absorb the vitamin properly, especially 
with materials of only moderate activity, and the occurrence of a “crop bound” condition; 
(2) an inability to consume many types of foodstuffs of relatively low potency, but of great practi- 
cal dietetic importance (which of course can be readily tested by the rat method); (3) false cures 
( e.g . as with glucose, change in temperature, etc.); (4) lack of economy in use — e.g. (a) the space 
needed to house 1 pigeon will accommodate about 10-20 rats, and (b) each pigeon is available for 
test only once in every 6 weeks, whereas with “bradycardia” or “convulsions” tests on a rat 
several tests per fortnight may be carried out per rat. 
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better known methods of assay, and it seems very probable that the same single 
factor is responsible for the loss in weight, for the production of the poly- 
neuritis and for the bradycardia. Physiological arguments in favour of this view 
are presented in a later section of the paper (Part VI). We have found also that 
highly purified specimens of vitamin B x , including the crystalline preparations 
of Jansen and of Windaus, retain the characteristic effect on the heart beat. At 
the same time we recognise that in view of the present complicated position 
of the vitamin B problem it would be premature to make any dogmatic claim 
on this point. 

Advantage of the bradycardia method . The bradycardia method has many 
advantages over the other methods. All animals are ready for test about 4 weeks 
after having been placed on the deficient diet, and all consistently develop the 
symptom. This may be contrasted with the delay and irregularity in the pro- 
duction of head retractions in pigeons or convulsions in rats. Again, results are 
obtained very rapidly and with little trouble: only one dose has to be fed to 
each rat and the test is concluded in a few days, one measurement only per day 
being needed and taking but a few moments to carry out. Also much less material 
is needed than for a growth test. An additional economy is that the same animal 
can generally be used two or three times over. The sensitivity of the method is 
similar to that of the others, although it is probably slightly inferior in this respect 
to the growth rate method, which however is more laborious and depends on a 
less specific symptom. A further advantage, and a very important one from the 
practical standpoint, is that the heart rate method can be used for testing food- 
stuffs containing only slight traces of the vitamin. Neither the curative pigeon 
test nor the rat convulsion test is applicable to this important class of estima- 
tion, as it is impossible to get the severely ill animal to eat sufficiently large 
quantities of the food, as for example when the diet must consist entirely of the 
food in question. (The bradycardia develops at an earlier stage than the poly- 
neuritic symptoms and while the animal is still able to eat normally.) Indeed 
in certain estimations of this kind, such as in comparisons of white and brown 
breads and of certain wheat products we have been driven back to the heart rate 
method as the only one available, since in growth tests on rats we were defeated 
by the further complication of refection so that no comparison was possible. In 
the heart rate method an assay can be concluded in 3 or 4 days before refection 
has had time to develop. It is in this type of problem, i.e. comparing the 
vitamin B activity of naturally occurring and especially farinaceous materials, 
that the heart rate method seems particularly useful, and we have accordingly 
added experimental details (Part V) of its application in certain such cases. 

Practically the only drawback to the heart rate method is the original expense 
of purchasing the electrocardiograph. Accurate determinations are not possible 
with simpler types of apparatus. 


PART V. 

Application of bradycardia method to wheat products. 

To illustrate the practical uses of the bradycardia method, its application to 
the determination of the vitamin B x content of two classes of wheat products will 
be described. These were (a) white compared with brown bread, ( b ) whole wheat 
grain as influenced by different soil treatments. 
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(a) White compared with brown bread. 

We originally became interested in this problem because it had been claimed 
that white bread contains adequate amounts of vitamin B [Hartwell, 1924] and 
that the substitution of brown for white bread in a dietary experiment on rats 
resulted in little improvement in growth [Mottram and Hartwell, 1929]. 

Our attempts to compare the vitamin contents of white and brown bread by 
the rat growth method failed, as the rats became refected. Efforts were made to 
apply the rat convulsions method, but with unsatisfactory results. Determina- 
tions by the bradycardia method were then carried out, and these proved the 
striking difference between the two kinds of bread. 



Hours 

Fig. 7. Comparison of white and brown bread by the heart rate method. 

Three tests were carried out. In each case the specimens of brown and white 
bread were purchased from a local branch of the Co-operative Society. The first 
test (Fig. 7, 1) showed that 1 g. of brown bread was sufficient to cause a marked 
rise in heart rate whereas 1 g. of white bread had a very slight effect only. The 
difference was brought out more sharply when the brown bread was fed at a 
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higher level (Fig. 7, II) and a further experiment (Fig. 7, III) furnishes the basis 
for a rough quantitative comparison. 

Conclusion. The white bread contained only insignificant amounts of vita- 
min compared with the brown bread. Detailed results on different types of 
wholemeal, brown and white and germ breads will be presented in a later paper. 

(b) Effect of soil treatment on vitamin value of wheat . 

This work was undertaken to test the claim that the vitamin content of seeds 
and grain is influenced by the nature of the manure or artificial fertiliser [McOar- 
rison and Viswanath, 1926; Rowlands and Wilkinson, 1936]. 

Through the co-operation of Sir John Russell of the Rothamsted Experimental 
Station we were provided with specimens of whole wheat from plots treated as 
follows : 

Plot No. 3. No manure. 

2b. 14 tons of dung per acre. 

5. Complete mineral manure. 

7. Complete mineral manure 4-412 lbs. of sulphate of ammonia per acre. 

16. 412 lbs. of sulphate of ammonia only. 




Fig. 8a. Vitamin B x value of whole meal wheat flours. Preliminary test at various levels 
(illustrating extent of variation of individual animals). 

= Plot2B. — =Plot3. .... 

■ 1 - H -li ! I 1 1 = Plot 7. botto m — Plot 10. 


— Plot 5. 
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Although these various treatments greatly influence the chemical composition of 
the grain and the amount of grain produced our results (Figs. 8a and 86) show 



Fig. 85. Comparison of vitamin B x activity of whole meal wheat flours, using 4 animals per 
group. The indication obtained in the preliminary test is confirmed, viz , showing the slight 
superiority of plots 7 and 10 and slight inferiority of plot 5, compared with 2B or 3. bays 
protected : Plots 2B and 3 = 5 days ; plot 5=4 days ; plots 7 and 10 = 6 days. Relative activities : 
Plots 2B and 3 = 100; plot 5 = 80; plots 7 and 10 = 120. 

@-@~® = Comparison curve, mean of all specimens. = Plot 2B. 

= Plot 3. =Plot 5. \ I ! - H - H4 - = Plot 7. — — =PlotlO. 

that the vitamin B x content -when expressed per g. of whole grain is not 
affected to any important extent (the fuller data will be presented elsewhere) . 
In conformity with this, growth tests on the “sharps 55 prepared from the grain 
from these same plots showed no appreciable variation in content of vitamin B 
complex. 


PART VL 

Physiological significance op the bradycardia in 

VITAMIN Bj DEFICIENCY. 

1. Relations between bradycardia and “ polyneuritic 55 symptoms . 

As mentioned in Part If. t the incidence of convulsions in our vitamin 
Bi-deficient rats was greatly increased when they were given small traces of 
vitamin in their diet. This symptom seems to be associated, that is, with hypo- 
vitaminosis rather than complete avitaminosis or with chronic rather than acute 
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vitamin B x deficiency. This finding confirms earlier conclusions of Sherman and 
Sandels [1931] and Sebrell and Elvove [1931]. (A similar relation appears to 
apply also to certain symptoms of vitamin B a deficiency in the pigeon.) Measure- 
ments of the heart rate which we have carried out suggest that this small amount 
of vitamin B x probably has the function of keeping the heart rate at a high 
enough value to enable the animal to survive, thus allowing the chronic 
symptoms of polyneuritis to develop. We find that the heart rate of a I4 hypo- 
vitaminotie 55 rat with symptoms of polyneuritic convulsions is generally around 
400 beats per minute, while a rat rapidly run out on a diet completely devoid of 
vitamin B x has a much lower heart rate, about 300 beats per minute or lower, and 
no symptoms of 44 polyneuritis. 55 In other words the biochemical lesion caused by 
vitamin B x deficiency seems to affect the heart almost immediately and may so 
cause sudden death from heart failure, while its poisoning action on the central 
nervous system proceeds more slowly. 

2. Relation to the biochemistry of vitamin B x action . 

In the earlier paper on this question [Drury et al ., 1930] the suggestion was 
made that the bradycardia might be correlated with the accumulation of lactic 
acid which is known to occur in vitamin B deficiency [Bickel, 1924; 1925; 
Collazo, 1923; Collazo and Morelli, 1926]. This error in lactic acid metabolism 
seems to be a consistent feature of vitamin B x deficiency, is not restricted to any 
one organ or type of tissue and is common to various species. Work on beri-beri 
patients in Japan, for example, has shown how the lactic acid tends to reach 
abnormally high levels, especially after exercise. Hayasaka [1930, see also 
Hayasaka and Inawashiro, 1928; 1930; Inawashiro and Hayasaka, 1928] has 
found that the recovery process after muscular 
exercise is more prolonged in beri-beri than in 
normal individuals, and, in the case of the dog, he 
has pointed out that in vitamin B deficiency even 
quite light exercise sufficed to keep the blood- 
lactic acid above its normal value for prolonged 
periods. He therefore concludes that lack of vita- 
min B leads to a disturbance in the resynthesis of 
glycogen from lactic acid. In keeping with this 
view he has found that when sodium lactate was 
injected into beri-beri patients the resynthesis 
to glycogen was much lower than in normal 
controls or cured beri-beri subjects. The accu- 
mulation of lactic acid in vitamin B 2 deficiency has 
been confirmed further -by Collazo and Bayo 
[1931] and others, and Kinnersley and Peters 
[1930] and their co-workers have recently found 
a correlation between the imminence of con- 
vulsions in pigeons and the excess of lactic acid 
accumulating in certain parts of the brain. From 
what is known of the influence of lactic acid 
on heart rhythm [Clark et al ., 1932] it is to be 
expected that an excess will diminish the rate of beat in vivo , as it does in isolated 
preparations. Measurements of blood-lactic acid (Fig. 9) in vitamin B-deficient 
rats have confirmed our belief in a correlation between the lactic acid excess and 
the low heart rate. On the other hand it must be recognised that this does not 



Lactic acid, mg. per 100 g. 
of whole blood 


Fig. 9. Correlation between fall in 
heart rate and rise in lactic acid 
content of blood in vitamin B x 
deficiency. 
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prove that the coi relation is a direct caiisativ e one. Attempts to influence the 
rate by the administration of large doses of sodium lactate have been un- 
successful. 

Experimental . It was found necessary to use about 3 rats in order to obtain enough blood for 
each lactic acid estimation. The blood samples were obtained by decapitating the rats with scissors 
over a weighed basin of 20 % trichloroacetic acid. The blood was allowed to drain from the animals 
for about half a minute, the basin was then again weighed and the amount of blood obtained 
calculated from the difference in the weighings. The amount of blood used was usually between 
0-10 g. this giving a reading of approximately 1-3 ml. of Nj 100 I in the final titration. When 
sufficient blood had been obtained the, trichloroacetic acid mixture was made up to a definite 
volume so as to give a final concentration of about 5 % trichloroacetic acid. This solution was then 
filtered and precipitated with the copper-lime reagent to remove carbohydrates and the lactic acid 
estimation carried out according to the method of Friedemann et al. [1927]. 

As will be seen from Fig. 1 the heart rate of a normal rat is between 500 and 600 beats per 
minute, and the lactic acid content is about 30 mg. per 100 g. of blood. When the rats become 
deficient in vitamin B x the heart rate drops to 300-350 beats per minute and the lactic acid 
content rises to about 70 mg. per 100 g. 

3. Vitamin B x as oxidative coenzyme. 

The existing evidence warrants the suggestion that the physiological role of 
vitamin B x is to intervene at some stage in that complex cycle of reactions in 
carbohydrate metabolism involving the formation and oxidation of lactic acid, 
and in a capacity corresponding with that, of coenzyme. Banga and Szent- 
Gyorgyi [1932] announced the isolation of a coenzyme for lactic acid dehydro- 
genase. One of us has drawn attention elsewhere [Harris, 1934] to the fact that 
a number of salient properties of the coenzyme bear a resemblance, superficially 
at least, to those of vitamin B x — e.g. it is needed for the normal functioning of the 
heart muscle (it was from this source that it was isolated), and it is concerned in 
the removal and oxidation of lactic acid. In this connection also its suggested 
relationship to adenine, or adenylic acid, which is known to be of significance 
for the physiology of the heart beat, is of further interest. 

It seems certain of course that vitamin itself cannot be identical with 
Banga and Szent-Gyorgyi’s coenzyme (cf. Boyland, 1933); nevertheless there 
appears to be a close interconnection between the two classes of substances and 
their physiological roles in the related and interdependent series of reactions 
which they control. The nature of the lactic acid dehydrogenase system is dis- 
cussed further in the following paper [Birch and Mann, 1934]. 

Summary. 

Part I. 

The technique of estimating vitamin by the heart rate method which has 
been in use in this laboratory for several years as a standard method is de- 
scribed. Single doses of the unknown are fed to rats suffering from vitamin 
deficiency and the heart rate measured at daily intervals for a few days after- 
wards. The magnitude and duration of the effect are proportional to the amount 
of vitamin so given. The accuracy of the method was checked by tests on four 
substances chosen for investigation by the Sub-committee on Vitamin B 1 
Standardisation, viz. activated acid clay standard, dried yeast, marmite and 
wheat germ. These were assayed by separate control tests by the independent 
methods described in Barts II and III. 
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Part 11. 

A method of carrying out vitamin B x determinations by curative tests on 
polyneuritic convulsions in rats is described. A feature of this method is the close 
agreement in response between animals receiving duplicate doses. 

Part III. 

Results with a growth rate method are also given and the conditions defined 
for the most accurate results. The number of variables differs too much to permit 
the use of a standard dose-effect reference curve — as for example with the amount 
of autoclaved marmite given as the source of vitamin B 2 . Under the conditions 
described differences of ± 20 % in activity are readily detected, and 3 out of 
5 animals at least in a group fall within ± 15 % of the median value while the 
values reached in the assays by any of the three rat methods appeared to vary 
within an experimental error of about ± 5 % . 


Part IV. 

Results by the heart rate method correspond with those given by the other 
methods, the comparative values found, taking activated clay standard as 100, 
being yeast 18-8, 19*3, 20, 18 ; marmite 8*3, 8*7, 9 * 1 , 8*5 ; wheat germ 7, 6*9, 7*2, by 
the bradycardia, convulsions, growth rate and pigeon (head retraction) methods 
respectively. Among the advantages of the heart rate method are its convenience, 
rapidity, simplicity and economy, and the fact that it can be readily used for 
determining foodstuffs containing only small amounts of vitamin B x which are 
beyond the scope of the curative pigeon or rat (convulsions) method, and — when 
they contain starch and give rise to refection — the rat growth test. 

Part V. 

As an example of the use of the heart rate method tests are described on 
white and brown breads and other wheat products. These could not be readily 
estimated by the pigeon or rat curative methods, and growth tests on rats were 
vitiated by the occurrence of refection. 

Part VI. 

A rat given no vitamin B x and dying from acute avitaminosis has a very low 
heart rate (e.g. 300 per min.) and no polyneuritic convulsions. A rat given slight 
traces of vitamin B x and developing chronic hypovitaminosis has a less severe 
bradycardia (e.g. heart rate 400) but convulsions. It is suggested that the traces 
of vitamin B x act by keeping the heart rate at a high enough level to enable the 
animal to survive and so permit the more slowly developing chronic symptom to 
develop. 

The earlier suggestion is confirmed that the bradycardia is correlated with 
the accumulation of lactic acid in the vitamin B r deficient animal. Vitamin B x 
appears to have the property of a coenzyme-like substance intervening in the 
chain of carbohydrate oxidation reactions. 
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The necessity of a coenzyme for the oxidation of lactic acid by the lactic de- 
hydrogenase of animal tissues has been shown by Szent-Gyorgyi [1925]. The 
preparation of a concentrate of this substance from mammalian heart tissue has 
been described by Szent-Gyorgyi and Vargha [1932]. Recently Banga and 
Szent-Gyorgyi [1933] have further purified the concentrate by precipitation with 
phosphotungstic acid and picric acid and have obtained the coenzyme as a 
semi- crystalline picrate. By investigation of the products of hydrolysis of the 
coenzyme they concluded that it was a monophosphate of a monoadenylnucleo- 
tide not identical with muscle adenylic acid or adenylpyrophosphate, but possibly 
identical with cozymase. 

This coenzyme is of considerable interest owing to the importance of lactic 
acid as an intermediary in animal metabolism. In certain pathological conditions 
where accumulation of lactic acid is observed, it appears possible that such an 
accumulation may be due to a deficiency of the coenzyme. Such an accumulation 
occurs as a symptom of vitamin B x deficiency and in this case there is additional 
evidence which suggests the possibility of a connection between vitamin B x 
activity and the coenzyme activity. 

Kinnersley and Peters [1929; 1930] showed that brain tissue of polyneuritic 
pigeons had an abnormally high lactic acid content. Fisher [1931] has shown that 
there is a general defect in lactic acid metabolism in the polyneuritic pigeon as a 
whole, in addition to the defect in brain described by Kinnersley and Peters. This 
defect in lactic acid metabolism in vitamin B 1 deficiency is not confined to pigeons. 
According to Japanese workers, e.g. Hayasaka [1930], lactic acid accumulates in 
the body and reaches abnormally high levels in patients suffering from beri-beri. 

Further, a relation between vitamin B 1 and lactic dehydrogenase coenzyme is 
suggested from the work of Meiklejohn et al. [1932] and Passmore et al [1933], 
who showed that the cerebrum of the brain of polyneuritic pigeons when minced 
and mixed with lactic acid showed a low oxygen uptake compared with normal 
brain tissue. The addition of vitamin B x concentrate increased the in vitro 
respiration of the polyneuritic brain tissue, and it was assumed that the oxida- 
tion affected in this way was that of lactic acid. 

Unfortunately, from the recent work of Meiklejohn [1933] it appears that the 
amount of lactic acid removed during the oxidation is not influenced by the 
presence of the vitamin. A similar observation has been made by Hahn and 
Fisclibaeh [1929] using ox muscle. They find that with washed ox" muscle, the 

1 Beit Memorial Research Fellow. 
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renewed oxygen uptake in presence of “Kochsaft ” is not due to oxidation of the 
added lactic acid, for although the amount of respiration may be restored to 
90 % of its original value by adding the “Kochsaffc,” the lactic acid content 
remains unaltered. On the other hand, while avitaminous brain tissue shows a 
low oxygen uptake with pyruvic acid similar to that with lactic acid, according to 
the conclusions of Meiklejohn ei t ah [1933] in this case the addition of vitamin B x is 
without effect. However, on consideration of the results of Peters and his colla- 
borators it appears that this conclusion is somewhat unjustified. The difference 
in the rate of oxygen uptake between normal and avitaminous brain tissue in 
presence of lactate is small. Hence the increase obtained on addition of vitamin 
to the avitaminous brain is almost sufficient to raise the rate of oxygen uptake to 
that of normal brain tissue + lactate. On the other hand the difference in the 
rate of oxygen uptake in the case of normal and avitaminous brain with pyruvate 
is much greater than in the case of lactate. Hence in this case while addition of 
vitamin B x causes an increase of the same order as in the case of lactate, this 
addition is insufficient to raise the rate to normal. In the case of lactate and 
avitaminous brain, using the cerebrum the increase in oxygen uptake produced 
by addition of vitamin B x is 28 %, using the optic lobes 22 %. In the case of 
pyruvate with the cerebrum the increase in oxygen uptake produced by addition 
of vitamin B 1 is 20 %, and with the optic lobes 40 %. If the increase in the 
presence of lactate is to be regarded as significant it appears that the case of 
pyruvate should not be ignored merely because it does not raise the rate of oxygen 
uptake to normal. Furthermore since the difference in the rate of oxygen uptake 
between normal and. avitaminous brain with pyruvate is greater than with lactate, 
it appears that deficiency of vitamin B x produces actually a greater effect on the 
mechanism of pyruvate oxidation than on that of lactate oxidation. Peters ex- 
plains his conclusion by assuming that the increase obtained with pyruvate is due 
to the effect of the vitamin on the residual lactic present in the brain tissue. 

The question of the possible identity of vitamin B x and lactic dehydrogenase 
coenzyme has been investigated by Boyland [1933]. As vitamin B x is a sulphur- 
containing compound and the coenzyme contains no sulphur, it is difficult to 
imagine how the two can be identical. Further arguments point in the same direc- 
tion, for example Szent-Gyorgyi precipitates his coenzyme with mercuric nitrate, 
followed by precipitation from aqueous solution with acetone. By neither of 
these reagents w r ouid vitamin B 1 be precipitated. Of course it still remains 
possible that vitamin B x might exist in the coenzyme in some such form as the 
base of a nucleotide which occurred as a small impurity in Szent-Gyorgyi’s 
preparation, but Boyland’s experiments do not allow for this. 

Boyland concluded that crude coenzyme preparations possessed only a slight 
vitamin B 1 activity as determined by rat feeding experiments, and that while 
crude vitamin B x concentrates showed activity as coenzyme for heart-lactic 
dehydrogenase, purified preparations did not possess this activity. 

Table I shows the results obtained by Boyland in testing the activity of his 
coenzyme preparation by the methylene blue technique. 


Lactic dehydrogenase 
coenzyme solution 

Table I. 

Ml 10 lactate 

Reduction time in 

10 mg. per ml. 

ml. 

minutes 

0-0 

1*0 

180 

0*1 

1*0 

47 

0*2 

1*0 

27 

0*4 

1*0 

12* 

0*4 

0*0 

150 


40—2 
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Since in the above experiments doubling the concentration of the coenzynae 
doubles the velocity of the reaction, it appears doubtful whether 0*4 nil. of the 
coenzyme solution is sufficient to produce maximum activation of the enzyme. 
Meiklejohn et ah [1932] found in then experiments with avitaminous brain tissue 
and lactate that it was necessary to add only 1/10 of a pigeon dose of vitamin B l 
to each Bar croft cup to obtain the maximum increase in oxygen uptake. Thus 
in the case of Boyland’s results, if it is assumed that 0*4 ml. of the coenzyme 
solution produces maximum activation of the enzyme then this amount should be 
equivalent to 1/10 of a pigeon dose. Boyland tested the vitamin B 1 activity of 
Ms preparation by rat feeding experiments. He found, as would be expected, 
that 0*1 ml. and 0*2 ml. showed no activity, while 2 ml. showed some activity, 
but less than one pigeon dose. From the above calculation, 2 ml. should only be 
equivalent to half a pigeon dose or less. 

Thus Boyland’s conclusion that lactic dehydrogenase coenzyme possesses 
little vitamin B* activity appears unjustified and hi spite of his work it still 
seems possible that there may be a close interrelation between vitamin B x and 
the coenzyme activity. The work to be described was started with the view of 
investigating this possibility. 

Preparation of the enzyme. 

During the course of this work three different methods have been employed 
for the preparation of lactic dehydrogenase from heart muscle. The methods so 
employed may be divided into two sections according to the properties of the 
enzyme preparation obtained. 

Section I. Szent-Gyorgyi and Vargha’s method: [1932]. 40 g. pig heart muscle 
freed from fat and connective tissue are finely chopped and shaken with 800 ml. 
of distilled water at room temperature for 10 minutes ; after squeezing through 
linen the residue is shaken with another 800 ml. of distilled water for a further 
10 minutes. After squeezing through linen, the residue is placed in a mortar and 
frozen by surrounding it with an ice and salt freezing mix true. The tissue is then 
ground up and mixed with 120 ml. of Mj 15 phosphate buffer at p H 7*2. 

Section II. (a) Boyland' s method [1933]. 20 g. of well minced pig’s heart are 
ground up with 250 mi. of ice-cold water and pressed through linen. The residue 
is washed in this way six times, pressed and then frozen, WMle frozen it is 
minced three times to break up the cells and then suspended in 100 ml. if/ 100 
phosphate buffer at p H 7*4. 

(h) Birch and Mann's method. In this method the enzyme is extracted from 
the tissue. The method is identical in its initial stages with that of Szent-Gyorgyi. 
It is essential that the frozen tissue should be thoroughly ground up so as to 
break up the cells as far as possible. The pounded tissue is suspended in phosphate 
buffer and allowed to stand for 2-3 hours at room temperature. The suspension 
is then squeezed through linen, and the liquid obtained is fully saturated with 
ammonium sulphate. The precipitate is filtered off and dried in a vacuum- 
desiccator. The yield from 100 g. of tissue is about 7 g. TMs enzyme preparation 
shows little loss of activity after several weeks if it is left in the dry form in a 
vacuum-desiccator. It may be further purified by dissolving in phosphate buffer, 
centrifuging off the insoluble residue and then reprecipitating with ammonium 
sulphate. 

The differentiation of the methods of preparation is based on the amount of 
washing which the tissue undergoes. Szent-Gyorgyi’s enzyme preparation con- 
sists of comparatively unwashed tissue, while by Boyland’s method the tissue is 
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very thoroughly washed. In our own method the enzyme is further purified by- 
extraction from the tissue and by precipitation with ammonium sulphate. This 
difference in the degree of washing of the tissue is accompanied by a fundamental 
difference in the properties of the resultant enzyme preparations. 

Preparation of the coenzyme. 

At the beginning of this work the method of Szent-Gvorgyi and Varglia [1932] 
was used for the preparation of the coenzyme from bullock’s heart and Boyland’s 
enzyme was used as a means of testing the activity of the coenzyme. The yield of 
the coenzyme is small — about 0*7 g. of the crude concentrate from 5 kg. of heart, 
and in the subsequent purification by phosphotungstic acid most of the activity 
was lost. In place of the phosphotungstic precipitation other methods were used 
for the purification of the crude coenzyme, and in some cases it was apparently 
separated into two fractions, either of which separately showed little coenzyme 
activity but together gave good activation of the enzyme. An example of this, 
where precipitation with silver nitrate was used as the means of fractionation is 
shown in Table II. 

Solution I. The crude coenzyme solution is precipitated at p K I *5 with AgF0 3 . 
The precipitate is decomposed with H 2 S, evaporated to a small volume and 
precipitated by the addition of 10 volumes of acetone. This precipitate dissolved 
in water forms solution I. 


Solution II. The filtrate from the above acid silver precipitate is brought to 
p H 6 with ammonia and again precipitated with AgN0 3 . The filtrate is treated 
with H 2 S, evaporated and precipitated with acetone. The acetone filtrate is 
evaporated until all the acetone is removed. 


Using these two solutions with Boyland’s enzyme the following results were 
obtained by the Thunberg technique of methylene blue reduction. The total 
volume in each tube was 3 ml. In general 1 ml. of enzyme was used and 1 ml. of 
1 in 5000 methylene blue, together with phosphate buffer at p H 7*4. In some cases 
when the enzyme was found to be weak the methylene blue was cut down to 
0*5 or 0*25 ml. 


Table II. 

Reduction 
time (mins.) 


0- 25 ml. of (I) + enzyme + lactate + MB 80 

1- 0 ml. of (II) + enzyme + lactate + MB 120 

0-25 nil. of (I) -h 1-0 ml. of (II) + enzyme + lactate + MB 10 

0*5 ml. of (I) +0*5 ml. of (II) + enzyme +MB (no lactate) 68 


Attempts to separate these two factors from heart completely were unsuccess- 
ful, though results such as those shown in the above table were sometimes ob- 
tained. One of the causes of this failure was the minute amounts , of the substances 
with which we were dealing. It was found that yeast contained considerable 
amounts of the coenzyme. Since yeast is more readily obtainable and easier to 
work up on a large scale than heart tissue, it formed the source of most of our 
subsequent preparations of coenzyme. Even using yeast it has so far proved 
impossible to effect a complete separation of the two factors. One factor, which 
is probably identical with Szent-Gvorgyi’s coenzyme is readily obtained more or 
less free from the other. The method of obtaining this is shown in the following 
scheme. 
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Preparation A. 


14 lbs. yeast extracted with H 2 0 at 80° 

I 

Extract pptd. with HgSO* in 7 % H 2 S0 4 


filt. (discard.) ppt. treated with H 2 S and filtd. free from sulphide 

i 

filt. pptd. with AgN0 3 


ppt. pn 6 ppt. at pn 2 treated with H 2 S 

filt. freed from H 2 S and Ba(OH) 2 added 
| toj) H 7 


filt. made acid with H 2 S0 4 . BaSO t insol. Ba salts inactive 
| filtd. off and then evapd. to 
■ small vol. pptd. with 10 vols. 

{ acetone 

ppt. dried with acetone = coenzyme preparation “A” 

Attempts to obtain the second factor free from the first have up to the present 
been unsuccessful. The best preparations so far consist of a mixture of the two 
factors. The method of preparation of this mixture is shown in the following 
scheme. 


Preparation B. 


14 lbs. yeast extracted with H 2 G at 80° 
Extract pptd. with PbAc 


filt. made alk. with NaOH to 8 


filt. pptd. with ppt. 

Hg(N0 8 ) 2 at 
T PH 1*5 

ppt. treated with H a S and filtd. free from sulphide. H 2 S removed by evap. in vacuo. 
| Soln. then fract. with A&NOo 


Pn 6 ppt. 
treated 
with H 2 S 
and refract, 
with AgN"O s 


Pn 4 ppt. 


Pn 1*5 ppt. 


Most of the activity is found in the silver ppt. at p B 6 w T hile some activity is also found in the 
Ph 1*5 ppt. These ppts. are again fractionated with silver nitrate. The silver fractionation does not 
give clear cut results. The majority of the activity usually comes down at p B 6, but often some 
comes down at p H 1*5. These solutions obtained after refractionation with silver are called 
“ eoenzyme preparation B” in the subsequent experiments. 

Using preparation “A” in the Thunberg technique of methylene blue 
reduction only small amounts are necessary to produce maximum activation 
(0*5 to 2 mg. ; the actual amount seems to vary with the enzyme used) ; the 
activation produced is small. With preparation £t B” relatively large amounts 
are often necessary but the activation produced is 5-8 times as great when using 
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the pure enzyme. It is seen from the schemes of preparation shown that the first 
factor “ A” is precipitated by HgS0 4 and by acetone from aqueous solution. The 
second factor does not seem to follow these reactions, but if the HgS0 4 filtrate 
or the acetone filtrate is examined for coenzvme activity it is usually found to 
possess only slight activity. In some cases by mixing the two solutions reactiva- 
tion has been obtained as is shown in Table II, but more often than not the 
mixture is found to be inactive. Thus it appears that the second factor is un- 
stable except when in the presence of the first, and the best preparation obtainable 
is a mixture of the two, containing a greater percentage of the second factor. 

Further evidence for the existence of two factors . 

In addition to the results shown in Table I other evidence has been found 
which suggests that two factors are necessary. This has been obtained by 
comparing the maximum activation produced by coenzyme preparations “A” 
and “B 55 with each type of enzyme. 



Fig. 1. Fig. 2. 


Fig. 1. Comparison of the two coenzyme preparations “A” and 44 B” using the unpurified enzyme 
at 7*2. Abscissa = relative amounts of coenzyme added; ordinate = 1/T. 

In this experiment 1 ml. of Szent-Gydrgyi’s enzyme was used with 1 ml. of 1 in 5000 
methylene blue, the lactate concentration being Mj 10. The minimum reduction time with 
coenzyme preparation 44 B” was 3 minutes. The minimum reduction time with coenzyme pre- 
paration 4 4 A” was 5 minutes. The blanks were enzyme + lactate + MB — 135 minutes, enzyme 
+ maximum amount of coenzyme 44 B” + MB = 43 minutes, enzyme + coenzyme 44 A” +MB = 
150 minutes. 

Fig. 2. Comparison of coenzyme preparations 44 A” and 44 B” with the purified enzyme at j?H 7*2. 
This enzyme was twice precipitated with ammonium sulphate. Starting with 1 g. of the original 
precipitate the final volume was made up to 20 ml., and ml. of the solution was used. The 
minimum reduction time with coenzyme preparation 44 B ” was 4f minutes. The minimum with 
coenzyme preparation 4 ' A” 311- minutes. The blanks were enzyme + lactate -f MB = 6 hours + ; 
enzyme + coenzyme 44 A” 4- MB = 6 hours ; enzyme + coenzyme 4 * B ” •+■ MB = 51 minutes. 

Fig. 1 shows curves obtained using Szent-Gyorgyi’s enzyme; curve A with 
increasing amounts of coenzyme “A,” curve B with coenzyme “B.” With this 
unpurified enzyme coenzyme “A 55 gave an activation which was almost two- 
thirds of that obtained with “B.” 

When a more purified enzyme was used with increasing amounts of the co- 
enzyme results were obtained which are shown in Fig. 2. Here it is seen that 


Oxygen uptake, ml 
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maximum activation with coenzyme ec A” was only one-seventh of that given by 
coenzyme “B.” 

Thus using an enzyme consisting of practically unwashed tissue both co- 
enzymes show similar activity. Using a purified enzyme there is a marked 
difference in the activation produced by the coenzyme preparations £ ‘ A 55 and 



Time (minutes) Time (minutes) 

Fig. 3. Fig. 4. 

Fig. 3. Rate of oxygen uptake using Szent-Gyorgyi’s enzyme at 7*2. 

(Right-hand cup contained enzyme -f- lactate + coenzyme 44 A” 

9 {Left-hand cup contained enzyme + lactate 

n j Right-hand cup contained enzyme -f lactate 4 coenzyme “A” 

( Left-hand cup contained enzyme + coenzyme 44 A” 

(Right-hand cup contained enzyme + lactate + coenzyme 44 B” 

* 9 ( Left-hand cup contained enzyme + lactate 

J Right-hand cup contained enzyme + lactate + coenzvme “ B ” 

9 (Left-hand cup contained enzyme + coenzyme 44 B” 

2 ml. of enzyme were used, the lactate concentration being M /20. The amount of coenzyme 
used was that which was found necessary to give maximum activation in 3 ml. when using the 
methylene blue technique. 

The difference between the two curves obtained with coenzyme 41 B 15 is presumably due to 
some blank in the coenzyme preparation, which is accounted for in o where it is balanced 
against enzyme 4- coenzyme. 

Fig. 4. Oxygen uptake using ammonium sulphate enzyme at p H 7*2. 

(Right-hand cup contained enzyme + lactate + coenzyme preparation 44 B ” 

J (Left-hand cnp contained enzyme + lactate 

j Right-hand cup contained enzyme -f lactate + coenzyme preparation 44 B 95 
9 {Left-hand cup contained enzyme + coenzyme preparation 44 B” 

^ (Right-hand cup contained enzyme 4- lactate + coenzyme preparation “A” 

9 (Left-hand cup contained enzyme + lactate 

f Riglit-hand cup contained enzyme + lactate + coenzyme preparation 44 A” 

9 ( Left-hand cup contained enzyme + coenzyme preparation 4 ‘A” 

Ammonium sulphate coenzyme 1 g. made up to 18 ml. in phosphate buffer, then 2 ml. 
used. The lactate and coenzyme concentrations were the same as in the previous experiment. 

CC B.” With a purified enzyme preparation “A” is practically inactive. Thus 
preparation “B 55 contains an additional factor necessary for the activation .of 
lactic dehydrogenase. This factor is present in Szent-Gydrgyf s crude enzyme, and 
thus coenzyme preparation “A” shows activity. On purification of the enzyme 
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however this factor is removed and preparation “A” becomes inactive with this 
enzyme, while preparation CC B” still remains active. 

This explanation is again supported by similar results obtained by using the 
Bar croft technique for the measurement of the rate of oxygen uptake. The results 
using Szent-Gy orgyi 5 s enzyme are shown in Fig. 3. The amount of coenzyme 
added was the same as that which was required to give maximum activation in 
3 ml. when using the Thunberg technique. It is seen that coenzyme “A 55 gives 
a rate of oxygen uptake which is about half that given by using coenzyme “B.” 

When using the purified enzyme curves were obtained which are shown in 
Fig. 4. In this experiment the rate of oxygen uptake with eoenzyme “A” is only 
one-fifth of the rate obtained by using coenzyme U B.” 

Thus the results obtained by the Barcroft technique support those obtained 
by the Thunberg technique and indicate that two factors are necessary for the 
activation of lactic dehydrogenase. In the Barcroft experiment just described 
with the ammonium sulphate enzyme the partially purified enzyme was used, 
not that purified by a second precipitation with (NH 4 ) 2 S0 4 . This was because by 
further purification of the enzyme in this manner we appear to remove a factor 
necessary for oxygen uptake by the system. This is shown in Fig. 5 where we 
have used the twice precipitated enzyme with coenzyme preparation “B” with 
and without methylene blue. 

It is seen that the addition of methylene blue enables the system to take up 
oxygen about twice as fast as when methylene blue is absent. The system has 
not yet been obtained in such a state that it gave no oxygen uptake without 
methylene blue but these results seem to indicate that lactic dehydrogenase with 
its coenzymes is unable to take up oxygen by itself. Apparently it needs some 
system such as the cytochrome system to enable it to take up oxygen. The addi- 
tion of methylene blue to systems containing the cruder enzyme lias no effect on 
the oxygen uptake. 

The possible identity of these coenzymes with cozymase . 

In his latest paper Szent-Gy orgyi suggests that his factor is possibly identical 
with cozymase. During the course of this work two preparations of cozymase 
have been made according to the method of Euler and Myrbach [1928] and it w r as 
found that both were completely inactive as coenzyme for lactic dehydrogenase, 
while they showed a high activity as coenzyme for glucose dehydrogenase 
[Mann, 1932]. The estimation of the preparations as cozvmase is at present being 
carried out and until this is done it cannot be claimed definitely that cozymase 
is inactive as the coenzyme. But from the results with one cozymase preparation 
which are shown in Table III and from the fact that the method of preparation 
of cozymase differs markedly from the preparation of lactic coenzvme the 
conclusion that they are not identical is fairly safe. 

Table III. Activity of cozymase as lactic coenzyme. Cozymase prepared according to 
Euler and Myrbach [ 1928 ]. Szent-Gy orgyi' s crude enzyme used. 

R/r. 


0*1 mg. cozymase + enzyme + lactate + MB 4 hrs. •+ 

0-5 mg. „ 4 hrs. + 

2-5 mg. . 4 hrs. 

4-0 mg. ,, 4 hrs. 

Blank with lactate 4* enzyme + MB 4 hrs. + 

1*6 mg. P.T.A. heart coenzyme + enzyme + lactate + MB 4J- mins. 
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Inhibition by pyruvic acid . 

It is difficult to understand why for a simple reaction such as the conversion of 
lactic acid into pyruvic acid two coenzymes should be necessary. Is the second 
factor a coenzyme of this reaction or of some subsequent one \ Using the Thun- 
berg technique with purified enzyme and coenzyme preparation “A” or, as we 




Fig. 5. Fig. 6. 

Fig. 5. The difference between the rate of oxygen uptake when methylene blue is added 
to the purified lactic dehydrogenase system. 

(Right-hand cup contained enzyme -f lactate 4- coenzyme preparation “B” 

0 ’ 1 Left-hand cup contained 3 ml. phosphate buffer. 

(Right-hand cup contained enzyme + lactate -1- coenzyme preparation “B” + MB 
x 9 [ Left-hand cup contained 3 ml. phosphate buffer. 

The enzyme was prepared by dissolving the 1st ammonium sulphate precipitate in phos- 
phate buffer, centrifuging off the insoluble matter and then reprecipitating with ammonium 
sulphate. 05 g, of this precipitate was made up to 8 ml. and 1 ml. was used in each cup. 

Fig. 6. Inhibition of the activity of lactic dehydrogenase by small amounts of pyruvic acid. 

o , Coenzyme preparation 44 B” 
x, Coenzyme preparation 44 A’ 5 

Ammonium sulphate-precipitated enzyme used ; 1 g. made up to 28 ml. 0-5 ml. of this 
solution was used with coenzyme preparation 44 B.” The minimum reduction time (i.e. without 
pyruvate) was 2| minutes and the maximum when pyruvate was added 28 minutes. The blank 
on coenzyme + enzyme alone was 68 minutes. I ml. of the enzyme solution was used with 
coenzyme preparation 44 A” and a minimum reduction time of 6} minutes was obtained. The 
maximum when pyruvate was added was 98 minutes. 

The concentration of lactate was iff/ 10, and 1 ml. of 1 in 5000 methylene blue was used 
throughout. The pyruvic acid was purified according to the method of Case [1932], and was 
added as the sodium salt. 

believe, Szent-Gvorgyi’s coenzyme, it was often found that for a short period 
reduction of methylene blue proceeded quite rapidly, after which further reduc- 
tion was very slow. It therefore appeared that some substance which was being 
formed was inhibiting the reaction and it appeared probable that this substance 
might be pyruvic acid. This view was supported by results obtained from the 
effect of added pyruvic acid on the velocity of reduction of methylene blue in 
presence of ilf/10 lactate. The results are shown in Dig. 6. 

It is seen from Fig. 6 that a minute concentration of pyruvate inhibited the 
reaction, using coenzyme “A 55 with the ammonium sulphate enzyme. This may 
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afford an explanation of the slowing off in the speed of reduction of m.b. when this 
coenzyme was used, as immediately a trace of pyruvic acid was formed it 
inhibited the reaction. 

Using coenzyine a B ” a much greater concentration of pyruvate was necessary 
to give the same percentage inhibition. It is suggested as an explanation of this 
that in the case of coenzyine “B” some factor was present which enabled the 
removal of pyruvic acid. In the case of coenzynie “A’’ this factor was missing. 

The second factor present in the coenzjune “B” would therefore be a co- 
enzyme for removal of pyruvic acid. 

One would naturally suppose that this removal would be carried out by oxida- 
tion, but if this is so it seems that the oxidation is not accomplished by pyruvic 
dehydrogenase since pyruvate without lactate in the presence of enzyme and 
coenzyme hardly reduced methylene blue at all. 

Fig. 6 shows that an apparent equilibrium or maximum inhibition with 
pyruvate was obtained with a pyruvate concentration between 0-002 and 
0*004 M. This differs from the results of Bernheim [1928] who found that this 
44 apparent equilibrium 5 ’ was obtained between 0*033 and 0*066 M concentration 
of pyruvate. This was presumably due to the presence of our second factor in his 
enzyme. It must be borne in mind however that it has not yet been shown that 
the soluble lactic dehydrogenase from yeast needs a coenzyme but, as the co- 
enzyme for heart muscle-lactic dehydrogenase occurs in relatively large amounts in 
yeast, it is conceivable that it does. This matter is at present under investigation. 

A ctivity of the coenzyme preparations “A” and “ B” as vitamin B 1 . 

The difference between the coenzymes “A” and “B” as activators of lactic 
dehydrogenase is accompanied by a difference in their action on vitamin B r 
deficient rats. Rats as the experimental animals have been used and the heart 
rate method as the method of estimating vitamin B x activity. Normal rats 
(heart rate 500-550); vitamin Bi-deficient rats (heart rate 300-350). Injection 
of vitamin B x intraperitoneally causes the heart rate of vitamin Bi-deficient rats 
to return to normal, usually in about 6 hours. 

Injection of coenzyme “A” into vitamin Bi-deficient rats caused an almost 
instantaneous drop in heart rate. This supports Szent-Gyorgyi’s opinion that his 
coenzyme is an adenylic acid, as Drury and Szent-Gyorgyi [1929] have shown 
that certain adenine compounds, notably adenosine and adenylic acid, caused 
bradycardia in normal rats when injected. Using coenzyme “A” this drop in 
the heart rate lasted for 1-2 hours depending on the amount injected and then 
the rate returned to nearly its original value. It showed no rise above its original 
value and therefore no vitamin B activity. 

In these experiments that amount of coenzyme which produced maximum 
activation in a total volume of 3 ml. in a m.b. tube was called one dose. 

Using the coenzyme “B,” if 9 doses were injected a similar drop in heart rate 
was produced to that obtained with coenzyme “A,” showing that the adenine 
compound was again present. The heart rate returned to its original value after 
1-2 hours, and tended to rise slightly above the original value, but this slight rise 
was only maintained for a few hours. Using half the amount the drop was less, and 
the subsequent rise was quicker, the heart rate returning to its original value in 
about half an hour and continuing to rise above its original value during the next 
2 or 3 hours. This seemed to show some definite curative effect. 

Using 2 1 doses, while the initial drop in heart rate was smaller and recovery 
to original rate more rapid, the subsequent rise in heart rate was much smaller 
than with 4J doses. These results are shown in Fig. 7. 
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The curative effect of the coenzyme “B 5? was limited to a few hours whereas 
injection of vitamin B 1 with or without the coenzyme gave a curative effect lasting 
for several days. 

This was shown in Fig. 8 where 9 doses of coenzyme “ B ” and vitamin B x were 
injected simultaneously. 




Fig. 7. Effect of coenzyme preparation “B” on the heart rate of vitamin B r cleficient rats. One 
dose is the amount of coenzyme necessary to give maximum activation of the enzyme in 3 ml. 

® , 9 doses injected intraperitoneally 
x , 4J- doses injected intraperitoneally 
0 , 2-f; doses injected intraperitoneally 

The coenzyme preparation used in this experiment was prepared by a slight modification of 
scheme B. The original yeast extract was first of all treated with acid clay at 4-5 in order 
to adsorb as much vitamin Bj as possible. The acid clay was then filtered off and the filtrate 
treated according to scheme B. The coenzyme is apparently not adsorbed by the acid clay. 

Fig. 8. Injection of 9 doses of coenzyme preparation “B” -j- vitamin B x concentrate. 

Approximately two international units of vitamin B x were used. 

It seems from this evidence therefore that if vitamin B x occurred in the 
coenzyme it only occurred in a minute amount, and it appears doubtful whether 
the rise in heart rate produced was due to vitamin B x . It is therefore unlikely 
that vitamin B x or any compound containing it participates in the oxidation of 
lactic acid by the systems described in this paper. Nevertheless from Peters’s 
evidence, and from the fact that a temporary cure of the bradycardia is produced 
by coenzyme ££ B” it is possible that it is this second factor, which is missing in 
vitamin B x deficiency; but it is obviously useless to form any rigid theory until 
more evidence has been obtained. 

Summary. 

A soluble cell-free lactic dehydrogenase from heart muscle lias been prepared 
in a less impure form than hitherto obtained. By using this enzyme it lias been 
shown that two factors are necessary for its activation. Methods for the prepara- 
tion from yeast of the first factor, which seems to be identical with Szent- 
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Gyorgyi’s coenzyme, and for a mixture of the two factors have been worked out. 
Neither of the factors appeared to be identical with cozymase. 

Using the system enzyme + lactate + mixture of two coenzymes, addition of 
methylene blue was found to be necessary before the system could take up 
oxygen. 

Some evidence has been obtained which tends to show that the second 
coenzyme may be concerned with the removal of pyruvic acid. 

The coenzymes have been obtained free from vitamin but the second factor 
seems to show some temporary curative effect on the bradycardia produced in 
vitamin B r deficient rats. 

We wish to express our thanks to Prof. Sir F. G. Hopkins and Dr L. J. Harris 
for the interest they have shown in this work. 
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LXXXVIL THE TRANSMISSION OF VITAMIN A 
FROM PARENTS TO YOUNG IN MAMMALS. 

III. EFFECT OF THE FAT CONTENT OF DIET 
DURING PREGNANCY ON THE TRANSMISSION 
OF VITAMIN A TO THE FOETAL RAT. 

By WILLIAM JOHN DANN 1 . 

From the Nutritional Laboratory , University of Cambridge and 
Medical Research Council . 

(Received March 2nd , 1934.) 

Is an earlier paper [Dann, 1932] a preliminary investigation of the factors 
controlling the transmission of vitamin A from mammalian mothers to their 
young was described, most of the work being done upon the rat. One of the 
conclusions reached, which is further examined in the present communication, 
was that 4 4 the amount of vitamin A in the liver of the foetal rat at birth is small 
and subject to little variation. It cannot be increased by giving large amounts of 
carotene to the mother before or during pregnancy.” The provitamin A, carotene, 
was used in those experiments because at that time no rich concentrate of vita- 
min A was available in the quantities required. Since the publication of the 
earlier paper, however, concentrates of vitamin A have become available in large 
quantities, and it has been thought advisable to repeat the work upon the rat 
using vitamin A itself in the diet. The repetition (described below) led to a con- 
clusion similar to that reached from the earlier work, namely that the amount of 
vitamin A in the liver of the foetal rat remains small even when the parent doe 
receives large amounts of vitamin A before or during gestation. 

Having established this point, it remained to be seen whether other consti- 
tuents of the diet exercised any marked effect on the amount of vitamin A trans- 
mitted to the foetus during gestation when there was a liberal amount of it in the 
doe’s diet. A factor which might a priori be expected to exercise some effect is 
the fat content of the diet, and in the present paper an investigation of the effect 
of the fat content of the maternal diet on the transmission of vitamin A to the 
foetus is described. 

Experimental. 

The effect of a diet rich in vitamin A on its transmission to the foetus. 

For this work piebald rats from the breeding colony of this laboratory were 
used. The sexes were segregated at weaning and all the animals kept on the stock 
diet for breeding animals, consisting of bread, milk, mixed corn, green stuff and 
meat. At 12 weeks old, the diet was changed to one made up to resemble the 
carotene-rich diet used in previous experiments [Dann, 1932], which consisted of 
maize meal 1060, whole milk powder 400, whole grain flour 200, yeast 200, wheat 
germ 60, calcium phosphate 60 and salt mixture 20; for each 90 g. of this basal 

1 Beit Memorial Research Fellow. 
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diet 10 g. of red palm oil were allowed and mixed in. In place of the red palm oil 
for the present experiment was substituted the same weight of a 0*5 % solution 
of BJD.H. vitamin A concentrate in araehis oil. When the animals were 16 weeks 
old, bucks and does were placed together in a single large cage, and when the 
does were seen to be pregnant they were removed to separate cages but kept upon 
the same diet. At birth of the litters both parent and young were immediately 
killed and the liver of the doe was removed for estimation of its vitamin A 
content colorimetrically with antimony trichloride. The young were examined 
similarly in batches of four or five instead of singly, and the vitamin A content 
of the carcase after removal of the liver was also determined in every case to be 
negative. The results of the liver examinations are set out in Table I. 


Table I. Transmission of vitamin A to foetal rats , when the parent 
receives much vitamin A. 


Doe 

1 

2 

3 

4 

5 

6 

Vitamin A content of doe’s liver 
at parturition (in b.u.) 

300,000 

300,000 

300,000 

200,000 

200,000 

180,000 

Vitamin A content of liver of 
foetus at birth (in b.u.) 

25 

33 

30 

20 

35 

20 


The effect of the fat content of the diet. 

For this work also our own stock breeding animals were used. At weaning 
the sexes were segregated and kept in large cages on the stock diet described 
above. 

At the age of 16 weeks, when the experimental period began, the does were 
divided into two groups matched in weight, and each group was put into a single 
large cage, together with a suitable number of bucks of the same age. One group 
then received a diet poor in fat and the other group a diet rich in fat, each diet 
containing the same liberal amount of vitamin A. In order to ensure that these 
conditions were strictly observed, the diets were prepared as follows. A basal 
diet free from fat and vitamin A was composed of 600 g. maize meal, 200 g. skim 
milk powder, 200 g. dried yeast and 50 g. salt mixture ; weekly batches of this 
diet were prepared. The two experimental diets were prepared fresh daily by 
the addition of the requisite quantities of araehis oil and vitamin A to the basal 
diet. A commercial concentrate of vitamin A (obtained from The British Drug 
Houses, Ltd.) was taken, and 1 g. was dissolved in 19 g. of araehis oil. Each day 
1*5 g. of this were weighed out and mixed into 148*5 g. of the basal diet, giving 
an experimental diet containing 0*05 % of the vitamin A concentrate and 1 % of 
fat. A further 1*5 g. of the oil was weighed out and mixed with 28*5 g. of araehis 
oil; the 30 g. of dilute vitamin A solution were then mixed into 120 g. of the basal 
diet giving an experimental diet containing 0*05 % of the vitamin A concentrate 
and 20 % of fat. By adopting the procedure of daily preparation of diets in this 
way any change in the potency of successive batches of the vitamin A concentrate 
is prevented from contravening the conditions stipulated above, since the two 
diets on any one day will always contain the same percentage of vitamin A and 
one will always contain twenty times as much fat as the other. 

When a doe was seen to be pregnant she was at once removed to a separate 
cage but kept on the same diet as she had previously received. At parturition the 
young were removed immediately and decapitated, and the carcases were digested 
in aqueous KOH, from which the vitamin A was removed by extraction with 
ether and estimated by the antimony trichloride reaction. 
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Two experiments performed in this way are reported here. In the first, 
twelve piebald does were used; in the second, eight albino does. The results are 
collected in Tables II and III. 


Table II. Transmission of vitamin A to foetal piebald rats . The diet of each doe 
during gestation contained 0-05 °/ 0 of vitamin A concentrate , but some received 
1 °/ 0 and others 20 0 j o of fat. 


Doe 

1 

2 

3 

4 

5 

6 

’{ 

8 

9 10 

11 

12 

Fat content of doe’s diet during ges- 

20% 

20% 

20% 

20% 

20% 

20% 

1 0/ 

1 /o 

1 o/ 

1 /o 

1 0/ 1 0/ 

1 /O 1 / 0 

1 0 / 

1 /o 

1% 

tation 

Number of young In litter 

9 

8 

8 

10 

6 

9 

12 

8 

S 10 

8 

8 

Vitamin A store of each foetus (in 

31 

25 

33 

35 

37*5 

50 

25 

33 

25 19 

25 

25 

B.TT.) 

Total amount of vitamin A trans- 

279 

200 

264 

350 

225 

450 

300 

264 

200 190 

200 

200 


mifcted to the whole litter (in b.u.) 

Table III. Transmission of vitamin A to foetal albino rats. The diet of each doe 
during gestation contained 0-05 °/ 0 of vitamin A concentrate , but some received 


1 °j 0 and others 20 °j 0 

of fat. 








Doe 

l 

2 

3 

4 

5 

6 

7 

8 

Fat content of doe’s diet during gesta- 
tion 

20% 

20% 

20% 

20 % 

1 0/ 

1 ,Q 

1% 

1 0/ 

1 i 0 

1 0/ 
1 /o 

Number of young in litter 

9 

9 

12 

7 

6 

10 

10 

9 

Vitamin A store of each foetus (in b.u. ) 

11*5 

37 

46 

16 

21 

30 

16 

9 

Total amount of vitamin A transmit- 
ted to the whole litter (in b.u.) 

104 

243 

552 

112 

186 

300 

160 

81 



Discussion. 







The first part of the experimental work described shows that the amount of 
vitamin A transmitted to the foetal rat during gestation is still strictly limited 
when the parent animal has an enormous reserve of vitamin A in her own liver 
and receives a diet rich in vitamin A during gestation. The amount of vitamin A 
found .in the foetal rats at birth was however greater in these experiments than 
in the author’s previous experiments where the provitamin carotene was included 
in the diet of the parent, but it must be borne in mind that in the present 
experiments the does received at a moderate estimate five thousand times the 
necessary minimum of vitamin A in their diet. 

Turning to the effect of fat in the maternal diet, it can be seen from the figures 
collected in Table II that the average amount of vitamin A found in the foetal 
piebald rats at birth was 35 b.tt. when the doe received during gestation a diet 
containing 20 % of fat and 0*05 % of vitamin A concentrate, and 25 b.u. when 
the doe received a diet containing 1 % of fat and 0*05 % of vitamin A concen- 
trate. The average figures for the total amounts of vitamin A transmitted to the 
whole litter during gestation were 294 b.u. and 226 b.u. for does receiving high 
fat and low fat diets respectively. From Table III the average figures for the 
albino rats are 27 b.u. and 19 b.u. transmitted to each foetus, and 253 b.u. and 
182 B.u. transmitted to the whole litters, on high fat and low fat diets respectively. 

From these figures it appears that an increase in the proportion of fat in 
the diet of a pregnant doe will in general cause an increased transmission of 
vitamin A to the foetus. It is plain however that with the wide diff erences in 
fat content now tested, the variation in the amount transmitted is so small 
(though definite) that the effect of ordinary variations in the fat content can be 
neglected when the diet is rich in the vitamin. 
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SUMMARY. 

1 . When the female rat receives large amounts of vitamin A (of the order of 
5000 times the necessary minimum) in her diet before and during gestation, her 
young have only a small store of vitamin A in their livers at birth. The amount 
is generally between 20 and 35 b.tt. of the vitamin. In the body apart from the 
liver no vitamin A can be detected. 

2. The amount of vitamin A transmitted to the foetal rat during gestation 
when the parent doe receives large amounts in her diet is affected by the fat 
content of the diet and is increased as the fat content increases. This increase in 
transmission is small and for ordinary ranges of variation of fat content is 
probably negligible. 

I wish to express my thanks to Dr T. Moore for his interest in this work and 
for many suggestions towards its furtherance. 
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LXXXVIII. ASCORBIC ACID IN THE EYE-LENS 
AND AQUEOUS HUMOUR OF THE OX. 

Br THOMAS WILLIAM BIRCH and WILLIAM JOHN DANN 1 . 

From the Nutritional Laboratory , University of Cambridge and 
Medical Research Council. 

(Received March 2nd , 1934.) 

In an earlier communication [Birch and Dann, 1933] on the estimation and 
distribution of ascorbic acid and glutathione in animal tissues we drew attention 
to the distribution of ascorbic acid in organs other than the suprarenal cortex, 
as detected by the indophenol reagent. The presence in a number of tissues of 
reducing substances other than glutathione had become evident from the work 
of Mason [1930] and of Bierich and Rosenbohm [1933], but no evidence of the 
identity of such substances had been obtained. By applying the indophenol 
titration for ascorbic acid to tissue extracts we were able to demonstrate the 
presence of the acid in a number of organs and to give figures for the amounts 
present. At the same time it was pointed out that the indophenol titration may 
not be specific for ascorbic acid in tissue extracts, so that other tests are necessary 
to confirm the results obtained by the titration method. 

The silver nitrate staining test was applied to a number of the tissues which 
had been found by means of the indophenol titration to contain ascorbic acid, 
with results which were not always in harmony with those obtained by the latter 
method. Some tissues found by the titration method to contain ascorbic acid 
gave little or no staining with silver nitrate, and led us to the conclusion already 
formulated by Harris and Ray [1933, 1] that a positive result with this test 
indicates the presence of ascorbic acid in a tissue but a negative result does not 
necessarily mean that ascorbic acid is absent. 

In order to examine the reliability of results obtained by the titration method 
it was decided to carry out biological assays of the ascorbic acid found by the 
titration method to occur in unexpected sites. The tissues chosen for examination 
were the eye-lens and aqueous humour of the ox. 

Experimental. 

Bor the first attempt to assay biologically the ascorbic acid in the lens and 
the aqueous humour of the ox’s eye the recovery test of Harris et al. [1932] was 
employed. Young guinea-pigs fed on a full diet of natural foodstuffs on at- 
taining the weight of 300 g. were placed on a vitamin C-free diet consisting of bran 
80 parts, ground oats 720, egg-yolk 40, salts 84, cod-liver oil 1 % , and were weighed 
daily thereafter. As soon as any animal showed a loss in weight on two successive 
days, it was given its first dose of the material under test and then dosed daily. 
The weight curves of the animals are shown in Fig. 1 . 

Since no simple method of extracting the ascorbic acid from the lens could be 
devised, the method of preparing the lens for dosing was to remove the lenses 

1 Beit Memorial Research Fellow. 
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from a number of ox eyes which had been kept in cold storage after the slaughter- 
ing and to estimate by the indophenol micro -titration the amount of ascorbic 
acid in a sample of the lenses. Weighed amounts of the lenses calculated to 
contain (from the titration results) either 1 mg. or 3 mg. of ascorbic acid were 
then mashed up in a little water until the suspension could be taken up in a 
pipette and given to the guinea-pig. For doses of the aqueous humour, the 
humour was extracted from a number of eyes and pooled; an ascorbic acid 



Fig. 1. Weight curves of guinea-pigs used in recovery test. The daily doses of the different groups 
were as follows : (1) No addition to basal diet; (2) 3-0 ml. of orange juice ; (3) Eye-lens calculated 
from indophenol titration to contain 1 mg. ascorbic acid; (4) Eye-lens calculated to contain 
3 mg. ascorbic acid; (5) Aqueous humour calculated to contain 2 mg. of ascorbic acid. 
Dosing commenced as indicated by the arrows. D signifies died; K signifies killed. 


determination was then made on a portion of the mixed Jhumour. The amount 
of humour calculated to contain 2 mg. ascorbic acid was then given to the guinea- 
pig from a pipette. The ascorbic acid estimation and preparation of doses were 
carried out each day, and a fresh supply of eyes was obtained as often as possible 
(generally every day). 

From the weight curves in Fig. 1 it can be seen that the test was not successful. 
Three of the four animals receiving a supplement of eye-lens died before the 
first of the negative control animals, the average time between commencement 
of the experimental period and death being 4J days for the animals receiving 
eye-lens and 6| days for the negative controls. Thus no evidence of the presence 
of ascorbic acid in the lens is afforded by this test, which however suggests not 
so much the absence of ascorbic acid from the lens as the presence of some other 
substance exerting a positive toxic effect. The animals receiving aqueous humour 
lived through the experimental period of 9 days but did not show an increase of 
weight, as did the positive controls receiving 3 ml. of orange juice daily. The 
curves indicate that the dose of aqueous humour contained about 1-2 mg. 
ascorbic acid, or about two-thirds of the amount found by the titration. If the 
aqueous humour exerts in slighter degree a similar toxic action to the lens, then 
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the amount of ascorbic acid present would be greater than is indicated by the 
curves. 

On account of the failure of this test with the lens a second test was arranged 
with alterations considered likely to diminish the effect of the toxic action of the 
lens. Instead of the curative test, the tooth structure method of Hojer as modi- 
fied by Key and Elphick [1931] was used, as it has the advantage that at the 
beginning of the dosing period the guinea-pigs have not been entirely depleted of 
their vitamin C and therefore are likely to be more resistant to the toxic action 
of the dosing material. For convenience of dosing a large batch of ox eyes was 
obtained, and the lenses were removed, dined in a vacuum -desiccator and 
powdered. The dried powdered lenses were well ground and mixed to give a 
uniform material, which by titration against the indophenol was found to 
contain 0-9 mg. ascorbic acid per g. The indophenol reagent was standardised 
against pure ascorbic acid. The dose given to each animal daily was 3 g. of the 
powdered eye-lens, containing according to the titration 2*7 mg. of ascorbic acid. 
Four animals were used, together with three negative controls, four animals 
receiving 3*5 ml. orange juice daily and three animals receiving 2 ml. orange 
juice daily. After 14 days all the animals were killed and their lower jaws 
dissected out for examination of the teeth. During the dosing period one animal 
receiving the eye-lens had gained a little in weight, one had remained steady and 
the other two had fallen considerably. The results of the histological examination 
of the teeth are set out in Table I. 


Guinea-pig 

no, 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Table I. 


Degree of protection 


Daily dose 

from scurvy 5 *' 

3 g. dried eye-lens 

2-6] 

1 

2*2 I 
2 | 

1 

>• Mean 2*5 

99 

3*3 j 


3*5 ml. orange juice 


i 

»» 

3*5 j 
3 1 

- Mean 3*2 

99 

3*8] 


2 ml. orange juice 

1*5] 


99 

1 

• Mean 1*4 


1*8 J 


None 

0 1 


>9 

0*3 

• Mean 0*5 

>9 

l*2j 



* Each figure in this column is the mean of three, allotted by three independent observers. 


From the figures given it appears that ascorbic acid is undoubtedly present 
in the lens of the ox eye. The doses of orange juice given to the positive control 
animals were chosen to contain 2*1 mg. and 1*2 mg. of ascorbic acid in 3*5 ml. and 
2-0 ml. respectively. Since this work was undertaken, however, it has been 
demonstrated by Harris and Ray [1933, 2] that the ascorbic acid content of the 
juice of different oranges varies a good deal more than was supposed. Hence it is 
difficult to give a quantitative figure for ascorbic acid content of a test dose used 
in a biological test unless the positive controls have been dosed with pure ascorbic 
acid. On the assumption that the orange juice used in our experiments was near 
to the average in ascorbic acid content ( i.e . 0*6 mg. per ml. of juice) then the 
results set out in Table I indicate that the eye-lens contains ascorbic acid to the 
extent of about two -thirds of the amount suggested by indophenol titration. 
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Summary. 

The eye-lens and aqueous humour of the ox have been tested biologically by 
the tooth protection method and the recovery method respectively, and the 
presence of ascorbic acid found by the indophenol titration method has been 
confirmed. 
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LXXXIX. FURTHER STUDIES ON THE LACTIC 
ACID, SUGAR AND INORGANIC PHOSPHORUS 
OF THE BLOOD OF RUMINANTS, (a) FOLLOW- 
ING ADRENALECTOMY AND (b) AFTER INTRA- 
VENOUS INJECTION OF INSULIN* 
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In a previous paper [Allcroft and Strand, 1933] we Lave shown that a marked 
increase occurs in the percentages of lactic acid and sugar in the blood of sheep 
after muscular exercise and/or excitement, and it seemed important to deter- 
mine whether these changes would also occur after adrenalectomy. While there 
are numerous references to the effect of adrenalectomy in dogs and small 
laboratory animals, we can find only one reference to similar work in the 
ruminant. Moore and Purinton [1901], working on two goats and two kids, 
found that the operation was fatal in three out of the four cases. 

Briggs et al [1923-24] state that after insulin injections in normal animals, 
there is a decrease in glucose, phosphorus and potassium in the blood with an 
increase in blood-lactic acid. Best and Ridout [1925] state that the lactic acid 
content of the blood of dogs does not significantly increase during insulin 
hypoglyeaemia. Cori [1925] reports that insulin hypoglycaexnia was attended 
by no definite changes in the lactic acid of either fasting rabbits or cats : later, 
however [1931 ; 1932], this worker reports an increase in lactic acid and a decrease 
in phosphorus after injection of insulin in normal rabbits, but after adrenal- 
ectomy these changes were not observed. Katayama and Killian [1926-27] also 
conclude that insulin produces an increase in the lactic acid of the blood of 
rabbits and human beings and note that in the rabbit the changes in concentra- 
tion of lactic acid are very slight in comparison with the drop in blood-sugar. 
These rather contradictory reports led us to attempt to study the changes in 
lactic acid, sugar and inorganic phosphorus of the blood of sheep after injection of 
insulin. Though it was not possible to complete the study it is thought advisable 
to report the observations which were made. 

Technique . 

The sheep were brought in from grazing and put in metabolic cages for 
18-24 hours before operation. Food was withheld during this period but water 
was available. The animals were anaesthetised by ether and the wool was cut 
short, but not shaved, over the skin of the abdomen between the costal margin 
and the umbilicus. An oblique incision (about 8 in. long) was then made in 
the loin stretching from the lower border of the 12th rib on the right side 
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towards the umbilicus. By retraction of the viscera, the adrenal gland was 
readily exposed and the small vein crossing in front of it from the parietes to 
the inferior vena cava was doubly ligated. Narrow tapes were then placed with 
care under the vena cava above and below the site of the gland. By gently 
pulling on these it was possible to control the bleeding during the removal of 
the gland, which was the next step. After removal, any obvious small veins or 
arteries were tied and the longitudinal slit which is unavoidably made in the 
vena cava, as a result of the excision of the gland (on account of the short length 
of the adrenal vein) stitched by fine linen thread on fine needles, and a small 
piece of wet cotton wool placed over the suture line to prevent leakage. The 
abdominal wound was then closed and the animal allowed to recover from this 
first operation. The removal of the left adrenal gland followed in 8-20 days. 
In this case the length of the adrenal vein was sufficient to permit of the removal 
of the gland without damaging the vena cava. The animals recovered well from 
both operations, without any suppuration of the wounds. 

In a few cases cortico-adrenal extract was injected after bilateral adrenal- 
ectomy to maintain the animal in good condition. The extract was made by 
Grollman and Firor’s method [1933] and assayed by intraperitoneal injection 
into month-old adrenalectomised rats. If the extract were potent the rats 
gained 1-4 g. in weight daily and appeared to be in a normal condition. Occa- 
sional hatches of extract -were not potent, and after injection of these the rats 
lost weight daily showing typical adrenal insufficiency symptoms such as loss 
of appetite, muscular weakness, general apathy and often convulsions just 
before death, which resulted in 2-4 days after the operation. 

Although the extracts were as a rule potent as judged by their effect on 
growing rats, it is not certain, owing to the limited number of experiments, 
whether their injection into adrenalectomised sheep really prolonged life (see 
Table I). We gained the impression however that the injected animals were 
in better condition than the controls. 

Owing to the short survival period of bilaterally adrenalectomised sheep it 
was found necessary to carry out the excitement experiments as soon as possible 
and the second day after the final operation was chosen since by that time the 
blood-sugar had assumed a low level. Blood samples were taken from most of 
the animals before unilateral adrenalectomy, in the period between unilateral 
and complete adrenalectomy, and after the final operation. The technique and 
times of sampling were essentially the same as in the earlier work except that 
sampling was continued for only 2 hours following the excitement, since this 
period covered the major changes which we had noted. 

In the insulin injection experiments, insulin was injected into the left jugular 
vein and samples of blood were taken from the right jugular vein, before in- 
jection and at intervals of 15, 30, 45, 60, 90, 120, 180, 240 and 300 minutes 
afterwards. The amount of insulin injected per kg. body weight is given in each 
graph. In the case of the one adrenalectomised sheep to which insulin was 
administered it was not possible to obtain the full series of samples owing to 
convulsions, which occurred 50 minutes after the insulin injection. 

Lactic acid was estimated by the method of Friedemann et al. [1927], Mood- 
sugar by the Hagedorn and Jensen [1920] method and inorganic phosphorus 
by Briggs method [1922]. For all estimations the blood-proteins were precipi- 
tated within 1-2 minutes after the blood sample was drawn. 

The results of parts (a) and (b) are given and discussed separately. 

(a) The following table (Table I) gives the results of adrenalectomy on the 
blood constituents. 
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The effects of excitement are shown in the curves of Figs. 1-4. 

Sheep Nos. 167 and 125 (Figs. 1 and 2) were subjected to a barking dog but 
showed singular lack of interest in the proceedings. After the 120 minute sample 
had been taken one of the sheep (No. 125) was exercised for 5 minutes and then 
samples taken immediately and 15 minutes after. The dog barking caused no 
significant alteration in the level of any of the three constituents studied in 




Fig. 1. Effect of excitement (dog barking) on sheep No. 167 bilaterally adrenalectomised. 
Ordinate: mg. per 100 ml. whole blood. 

Fig. 2. Effect of excitement (dog barking) on sheep No. 125 bilaterally adrenalectomised. 
10 minutes’ exercise between 120 and 130 minutes. Ordinate: mg. per 100 ml. whole blood. 
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Fig. 3. Effect of excitement (by explosion of cracker) on sheep No. 3 bilaterally 
adrenalectomised. Ordinate: mg. per 100ml. whole blood. 

Fig. 4. Effect of excitement (by explosion of cracker) on sheep No. 4 unilaterally 
adrenalectomised. Ordinate : mg. per 100 ml. whole blood. 

either animal, and the changes in lactic acid and sugar which occurred in sheep 
No. 125 after exercise are so small as to be of doubtful significance (Fig. 2). 

Sheep Nos. 3 and 4, the former bilaterally, and the latter unilaterally 
adrenalectomised, were subjected to the explosion of a medium-sized firework 
placed about 4 ft. from them. Sheep No. 3 (Fig. 3) showed no alteration in lactic 
acid or inorganic P but the curve for sugar showed a lower level after the 
explosion, returning to the pre- experimental level within 30 minutes. In sheep 
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No. 4 the only change was a slight elevation of the blood-sugar immediately 
after the explosion (Fig. 4). This increase in blood-sugar and the normal low 
level of the inorganic P is, in our opinion, due to the fact that the animal is not 
completely adrenalectomised. 

Discussion. 

(a) It can be seen from the above results that the blood-lactic acid was 
lower after complete adrenalectomy than before or after unilateral adrenal- 
ectomy. This is contrary to the conclusions of Britton and Silvette [1932] with 
cats, but in agreement with those of Hastings and Compere [1930-31] with 
dogs. The blood-sugar level was also considerably lowered after complete 
adrenalectomy. Injection of C-A extract definitely raised the blood-sugar in 
one sheep, No. 2, and possibly diminished the fall in another, No. 5 [c/. Britton 
and Silvette, 1932; Wyman and Walker, 1929]. 

The inorganic P was considerably raised after complete adrenalectomy. It 
was observed too in every case after the second gland was removed that there 
was a marked increase in the blood concentration so that it was often difficult 
to get a series of blood samples. Just before death the usual symptoms of 
adrenal insufficiency were present, viz. refusal of food, muscular weakness, pros- 
tration, decrease in body temperature and finally convulsions. These observa- 
tions, increase in inorganic P, anhydraemia and insufficiency symptoms, agree 
with those made by Britton and Silvette [1932], Britton [1932] and Lucas [1926]. 

Banting and Gairns [1926] state that the lowering of the blood-sugar does 
not depend on the absence of the adrenals but is the result of the shock of the 
operation. If this were so one would expect a gradual rise in the blood-sugar 
as the animal recovered from the operation, but in no instance was this observed. 
None of the animals survived for a longer period than 60 hours after complete 
adrenalectomy. In the cases where cortico -adrenal extract was injected (except 
in sheep No. 5) the short survival period was probably due to the fact that the 
extract was not sufficiently potent to prolong the life of the animal. On the 
same extract however we were able to keep completely adrenalectomised month- 
old and adult rats indefinitely. It is extremely probable that sheep No. 5 died 
of insulin shock since it has been shown that adrenalectomy renders other 
animals hypersensitive to insulin [Ellsworth and Weinstein, 1933; Tada, 1931; 
Lewis and Magenta, 1925; Houssay and Lewis, 1923]. Moore and Purinton 
[1901] record survival periods for two bilaterally adrenalectomised kids of 
49 and 60 hours, while one goat survived 8 days and in another the results were 
not fatal. 

Effect of excitement. It is evident that in completely adrenalectomised sheep 
no significant alteration occurs in the levels of lactic acid, sugar or inorganic P 
of the blood after the same type of emotional stimuli which were found to cause 
marked rises in normal sheep [Allcroft and Strand; 1933]. This confirms the 
views of Lumley and Nice [1930], who showed that after excitation induced by 
shocks sufficient to cause struggling in adrenalectomised rats, no increase in 
the blood-sugar occurred, while in normal rats under similar conditions increases 
up to 86 % were observed. Britton [1933] also reports that none of the measures 
which normally produce hyperglycaemia in cats, e.g. adrenaline, anaesthesia or 
excitement, has any significant influence on the blood-sugar level of adrenal- 
ectomised animals. 

(b) Figs. 5-8 show graphically the changes which occurred after insulin 
injection in the four unoperated sheep. Figs. 5 and 7 show results obtained on 
the same sheep with an interval, of 16 days between the experiments. 
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In Table II are given the results of the few blood samples which were secured 
from the completely adrenalectomised sheep, and also in chronological sequence 
the therapeutic treatment administered during the convulsive stages. Though 



Kg. 5. Effect of intravenous injection of insulin (2 units per kg.) on normal sheep No. 9. 25. ix. 33. 
Ordinate: mg. per 100 ml. whole blood. 


Fig. 6. Effect of intravenous injection of insulin (2 units per kg.) on normal sheep No. 13. 25. ix. 33. 
Ordinate: mg. per 100 nil. whole blood. 




Fig. 7. Effect of intravenous injection of insulin (2 units per kg.) on normal sheep No. 9. 1 1 . x. 33. 
Ordinate : mg. per 100 ml. whole blood. 

Fig. 8. Effect of intravenous injection of insulin (3 units per kg.) on normal sheep No. 10. 11. x. 33. 
Ordinate: mg. per 100 ml. whole blood. 

the animal had been maintained in good condition with cortieo-adrenal extract 
up to the commencement of the experiment the subsequent injections of glucose 
and cortico-adrenal extract were unable to prevent death 7 hours after injection 
of insulin. 

It will be seen that in only one case (Fig. 5, sheep No. 9) did the blood-lactic 
acid show any definite increase after intravenous injection of insulin. The 
samples obtained at 45 and 300 minutes after injection of insulin into the 
adrenalectomised sheep (see Table II) gave high values for lactic acid associated 
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Table II. Effect oj insulin injection on a completely adrenaiectomised sheep. 

27*2 kg. weight (0*75 unit insulin per kg.) 20*4 units injected. 

Results expressed in mg./ 100 ml. whole blood. 



Lactic 

Blood- 

Inor- 


acid 

sugar 

ganic P 

Before injection 

12*15 

62*68 

12*24 


10*40 

55*64 

13*00 

15 mins, after 

11*60 

45*96 

12*16 

30 

10*05 

40*68 

11*54 

45 

23*75 

36*28 

12*50 

50 

— 

— 

— 

70 

— 

— 

— 

83 

— , 





95 

— 

— 

— 

210 







300 

20*10 

57*40 

10*98 


Remarks 

Injection of 0*75 unit insulin per kg. body weight 


Convulsions began. 11 ml. glucose intravenously 
1 1 ml. glucose intravenously 
11 ml. glucose intravenously 
11 ml. glucose intravenously + 0*5 ml. adrenaline 
subcutaneously 
60 ml. glucose subcutaneously 


with the hypoglycaemic convulsions. The changes in the blood-sugar correspond 
to those reported in the literature, although the degree of hypoglycaemia pro- 
duced was not the same in all cases, and the low level seemed more prolonged 
in the ruminant than in simple- stomached animals. The fall in inorganic P 
agrees with the work of Cori and Cori [1932] on rabbits and of Eadie et al. [1925] 
on dogs and rabbits. The former observed that the level was lowest 45 minutes 
after injection and gradually returned to the original level. Eadie et al . [1925] 
state that the blood-phosphate fall is simultaneous with that of blood-sugar, but 
the rise to normal occurs before that of sugar and in some cases may continue 
above the normal level. In our own work the lowest levels lie between 45 and 
60 minutes after injection and in two cases (Figs. 7 and 8) there was a rise to 
above the normal level. It is possible that this return to a higher level was 
delayed in Figs. 5 and 6 and might have occurred after the last samples were 
taken. Ellsworth and Weinstein [1933] observed similar phenomena in dogs 
whether normal, or completely adrenaiectomised and maintained on cortical 
extract : one adrenaiectomised sheep however showed only a very slight fall in 
inorganic P. 

It is obvious that adrenalectomy increases the sensitivity of the sheep to 
insulin just as it does that of other animals. At the same time it is evident 
that the normal ruminant can tolerate much larger doses of insulin without 
occurrence of convulsions than can simple-stomached animals. Peterson et al. 
[1931] report that they lowered the blood-sugar in cows to values as low as 
17 mg. per 100 ml. by insulin injections and yet failed to induce convulsions. 

Summary. 

1 . A description is given of the surgical technique used for adrenalectomy 
operations on sheep. 

2. After bilateral adrenalectomy in sheep the blood-sugar and lactic acid 
levels were definitely lowered while that of inorganic P was raised. 

3. No change occurred in blood-sugar and lactic acid of adrenaiectomised 
sheep when they were subjected to such types of excitement and muscular 
exercise as were known to raise them in normal sheep. 

4. There was no definite change in the blood-lactic acid of normal sheep 
after insulin injections. 
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5. The hypoglycaemia produced by insulin injection in normal r uminan ts 
was similar to that in other animals except that no sign of convulsions was 
observed even after large doses of insulin. 

6. The changes hr blood-inorganic P after insulin corresponded to those 
found in other animals. 

7. Bilateral adrenalectomy increases the sensitivity of the ruminant to 
insulin. 

We wish to express our thanks to Prof. J. J. R. Macleod for his advice and 
interest in this work, to Dr R. A. Cleghorn and Dr H. E. Magee for assistance 
in part of it. 
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Many qualitative investigations showing the influence of various physical factors 
upon the process of ultrafiltration are contained in the literature. Eiford [1933] 
has discussed these effects in a more quantitative manner, based on experimental 
results with graded collodion membranes [Eiford, 1931]. The latter afford a 
unique advantage in that they provide a wide selection of grades and can be 
accurately calibrated in terms of average pore diameter ; and groups of membranes 
known to be of the same grade may be used in comparative filtrations with 
different systems. The present study considers the influence upon the ultra- 
filtration of proteins of the nature of the solvent medium, its hydrogen ion 
concentration, the concentration of protein and filtration pressure. It establishes 
a firmer basis for the standard conditions which have been adopted as being most 
favourable for ultrafiltration studies on viruses and bacteriophages in this 
Laboratory (for a partial bibliography see Burnet and And r ewes [1933]). It 
confirms the values previously presented for the empirical correction factor used 
in estimating the particle size of a virus or phage from the pore diameter of the 
limiting membrane which, under those optimum conditions, just completely 
retains it. 

Materials. 

The proteins used were highly purified samples of horse serum-albumin and 
pseudoglobulin, kindly presented to us by Dr H. W. Dudley, to whom we ac- 
knowledge our indebtedness. The pseudoglobulin was prepared by precipitation 
from normal horse serum with half-saturated ammonium sulphate, and sub- 
sequent dissolution in water and precipitation with ammonium sulphate three 
times. The final precipitate was dissolved in water and dialysed under slight 
pressure. This served to precipitate any remaining euglobulin, which was sedi- 
mented by centrifuging. The clear centrifugate, containing the pseudoglobulin, was 
concentrated in vacuo over sulphuric acid to obtain the solid protein. The albu- 
min, contained in the first filtrate from the globulin precipitation, was precipitated 
three times by the method of Hopkins and Pinkus [1898], the requisite amount of 
acetic acid for producing a crystalline precipitate being determined in each case 
by trial. The final precipitate was redissolved in water and dialysed and con- 
centrated in vacuo as above. 

When the albumin was dissolved in water, or the pseudoglobulin in 0-05 % 
sodium chloride solution, practically no insoluble residue remained. Protein-free 
ultrafiltrates of solutions of both proteins in distilled water contained no chloride 
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detectable by the silver nitrate test and only a trace of sulphate as detected by 
barium chloride. The ash contents of the solid samples were: albumin, 0-8 %; 
pseudoglobulin, 04 %. 

Procedure. 

Exclusive use was made of the graded collodion (“gradocol”) membranes, 
prepared and calibrated by the methods of Elford [1931] and Elford and Ferry 
[1934]. Nickel-plated ultrafilters of the type described by Barnard and Elford 
[1931] were slightly attacked by the more acidic protein solutions, and accordingly 
silver-plated models were employed. The components of the apparatus were 
sterilised separately and assembled under sterile conditions. Filtration was carried 
out under positive pressure of from 1 to 3 atmospheres of nitrogen. In compara- 
tive experiments, six filtrations could be run simultaneously from a pressure 
distributor attached to one nitrogen cylinder. 

In a typical experiment, a solution of protein was made up to the desired 
concentration in a given solvent medium, and the p H was adjusted, If necessary, 
by addition of small quantities of 04 N or N hydrochloric acid or sodium 
hydroxide. The solution was then filtered through a membrane of grade between 
0-5/x and X-0/x to sterilise it. Filtration through such a membrane affords a very 
convenient method for removing bacteria and gross aggregates with minimum, 
loss of protein by adsorption. This sterile stock filtrate could be kept for months 
at 4° without any appreciable change in appearance, p H (unless originally alkaline, 
when absorption of C0 2 from the atmosphere soon shifted the reaction), or 
filtrability. In no case was an antiseptic preservative necessary. When a com- 
parison of different media was required, the stock was made up to twice the final 
concentration desired, and aliquot parts were diluted with the different media. 

Different samples, usually 10 mi. of stock solution, were filtered through 
various membranes, all of comparable thicknesses and of grades ranging from 
that which let the protein through in nearly undiminished concentration to that 
which yielded filtrates giving a negative test with sulphosalicylic acid. For each 
individual filtration, the filtrate was collected in successive ml. samples and 
analysed with a Zeiss dipping refractometer. The concentrated residue remaining 
over the membrane was also analysed. The refractometric analyses were roughly 
checked by precipitation with sulphosalicylic acid, which was sensitive to a 
concentration of about 0*005 % protein. The relative concentration, u, of the 



Pig. 1. Typical filtration curves. 


filtrate, in terms of the concentration of protein In the stock solution (using the 
refractive index of the protein-free ultrafiltrate as a zero-point) could be ex- 
pressed with an accuracy of about 2 %. It was plotted against the total volume 
filtered to give the “filtration curve’ 5 (Fig. 1). 
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The highest point on this curve, ^max , was characteristic of the solution and 
the membrane and was reproducible for comparable conditions to 5-10 % . The 
value of % max is largely determined, in curves of type I, by the amount of 
adsorption of protein by the membrane ; in curves of type II, by a process not 
fully explained, perhaps a true sieving mechanism; in curves of types III and IV, 
by the stage at which the narrowing and blocking of pores begins. These processes 
are discussed more fully below. In curves of type V, u is still rising at the end of 
the experiment, and % ma , x is significant only in comparing different filtrations 
which have all been carried to the same point. 

Values of % max for different membranes were plotted against the logarithm 
of membrane average pore diameter, log j , to give the “end-point curve 5 ’ 
(Fig. 2). The end-point, j e , for the disperse phase in a given system is the A.P.B. 1 
of the membrane which just fully retains it. 



Fig. 2. Typical end-point curves. 


The slopes of the end-point curves vary for different systems, as shown in 
Fig. 2. Hence the “filtrability 55 of the disperse phase in a given system cannot 
well be characterised by the end-point alone; it should be represented by the 
whole curve. We have selected three points on the curve for a convenient measure 
of filtrability : the values of average pore diameter, j 0 . 5 , j 0 . 2 and y e , which 
correspond with the maximum relative concentrations of filtrates 0*50, 0*20 and 
0 respectively. The higher these values are, the less “fiitrable” is the system. 

The filtrabilities of different systems may be compared among themselves, 
however, by the values of w mas for one given grade of membrane, represented by 
the intersections of the end-point curves with the vertical line drawn through the 
appropriate value of log j, as shown in Fig. 2 by ah. 

General effect of the nature of the solvent medium on filtrability. 

The effect of capillary- active substances in decreasing the adsorption zone of 
the filtration curve and favouring filtration generally has been discussed [Elford, 
1933]. The suspending medium uniformly used for filtration studies on viruses and 
bacteriophages in this Laboratory has been the Hartley’s broth which is employed 
in bacteriological work. The stock broth is prepared from horse-flesh by extrac- 
tion and digestion with trypsin [Hartley, 1922 ]. Its effect in facilitating filtration 
may he due to (1) peptisation of the particles of the disperse phase by adsorption 
of large residues of broken-down proteins ; (2) lowering of surface tension of the 
solution ; (3) peptisation and electrokinetic effects due to the presence of neutral 
salts. 

1 The abbreviation “A. P.D.” is conveniently used for average pore diameter . 
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The stock broth often contains proteoses; addition of snlphosalicylic acid 
produces a precipitate which, in contrast with that given by the large serum- 
proteins, may be redissolved by boiling. Before investigating the influence of 
broth upon the filtrabilities of the serum-proteins, an effort was made to obtain 
a proteose-free broth. The standard method of preparation was modified by 
prolonging the digestion with 5 % Cole and Onslow's pancreatic extract for 
2 weeks at 37°. Chloroform was added as a preservative. The resulting “extra- 
digested 55 broth gave a negative test with snlphosalicylic acid. Its surface 
tension at 21° was about 6 % lower than that of water, compared with a 25 % to 
30 % lowering in the ease of the stock broth. Its frothing power was greatly 
diminished. 

Experimental. 

Comparative experiments were made to show the effects of various media on 
filtrability. Solutions of serum-albumin, concentration 0*5 %, were made up in 
water, 1 % sodium chloride, and 1 : 1 dilutions in water of extra-digested broth, 
two different preparations of stock broth, and ox-heart broth (i.e. Hartley’s 
broth prepared from ox -heart instead of horse-flesh). Each system, adjusted to 
approximately the same p H , was filtered through a membrane of the same A. P.D. 
A similar experiment was performed with the pseudoglobulin, using 0*05 % 
sodium chloride solution instead of water. The results are shown in Table I. 


Table I. Filtration of serum-proteins in various solvent -media. 


Concentration of protein 0*5 % . 


Medium 

Water 

0- 05 % NaCl 

1- 0 % NaCl 
Extra-digested broth 

Stock broth, preparation 26-9 
Stock broth, preparation 24-10 
Ox-heart broth 


Albumin. 
Membrane 
A.P.D. 14-5 mp 


P H u max. 

7-1 0*14 

6- 9 0*34 

7*1 0-36 

7- 5 0*46 

7-4 0*33 

7-4 0-46 


Pseudoglobulin. 

Membrane 


A.P.D. 59 mil 

r 

Pm 

U max. 

7-1 

0-14 

7*3 

0*61 

7*3 

0*57 

7*4 

0*81 

7*3 

0*74 

7*4 

0*73 


Results. The data demonstrate the superiority of Hartley's broth as a solvent 
medium in the filtration of both proteins. Stock and ox-heart broths favour the 
filtration to about the same extent and are definitely more effective than extra- 
digested bioth, which in turn has about the same effect as the 1 % sodium chloride 
solution. The superiority of the stock and ox-heart broths over the extra- 
digested preparation is probably due to the presence in the former of a capillary- 
active component, which becomes destroyed by prolonged digestion. It is also 
to be noted that in every instance the improvement in filtration is more marked 
for pseudoglobulin than for albumin. The mechanism of these effects will be 
discussed below. 

Effect of on filtrability. 

Serum-albumin. 

Experimental. The complete filtration and end-point curves were determined 
for filtrations of solutions of serum-albumin, concentration 0*4 % to 0*5 % in dis- 
tilled water, at different values of ranging from 3*0 to 8*8. The characterising 

Biochem. 1934 xxvm 42 
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A.P.D. values, j 0 . s and j 0 . 2 , were obtained interpolation, and j e by extra- 
polation on each curve. These three quantities are plotted against the p H in 
Fig. 3. 




Fig, 3. p H -filtra»bility curves of serum -albumin dissolved in water, a. u mAX = 0-50. b, w max = 0’20. 

Fig. 4. Comparison of filtrability of serum -albumin dissolved in water and in Hartley’s broth. 

a. Solution in Hartley’s broth, b. Solution in water (interpolated from the data of Fig. 3). 

(Membrane AJPJD. 20 mg.) 

Time did not permit a correspondingly complete series of end-point curves to 
be obtained for filtration of serum-albumin when dissolved in 1 : 1 dilutions in 
water of stock broth, but comparison was made of systems at different p H values 
with one grade of membrane. The values of u mdbX are plotted against the p E in 
Pig. 4, together with the corresponding curve for solutions in distilled water, 
interpolated from the data of Pig. 3. 

Results . The high peak in Fig. 3, at which membranes of A. P.D. 4 5mp 
completely retain serum-albumin in aqueous solution corresponds fairly closely 
to its isoelectric point, p K 4*88 [Svedberg, 1930]. It is significant that the 
adsorption of the protein on collodion particles as a function of the ex- 
hibits a high maximum at the same point [Elford, 1933; Ettisch et al. s 1930]. 
Stock broth improves the filtration at all p n values but most markedly at the 
isoelectric point and near it on the alkaline side. The minimum filtrability 
apparently occurs at the same p n as in distilled water solution. At the optimum 
Ph values for filtration in aqueous solution, 3*8 and 8, the end-point is about 
limp. The former p B is just outside the zone within which Svedberg and Sjogren 
[1930] show serum-albumin to be monodisperse (p H 4 to 9). 

Serum pseudoglobulin. 

Experimental. A complete set of end-point curves was established for 
filiations of pseudoglobulin, concentration 0*4 %-0*5 % in 1 % saline, at different 
values of p H ranging from 2*5 to 8. The values of j Q .r 0 , j 0 . 2 andy e , obtained as for 
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the albumin, are plotted against tkep H in Fig. a. A comparison of filtrations in 
broth at different values, similar to that performed for the albumin is shown 
in Fig. 6. 




Fig. 5. |J H -ftltrabiiity curves of serum-pseudoglobulin dissolved in 1 % saline, a. u max = 0*50. 
b, u miXX = 0*20. c. u mnx — 0. 


Fig. 6, Comparison of Ultra bility of serum-pseudoglobulin dissolved in 1 % saline and in 
Hartley’s broth, a. Solution in Hartley’s broth, b. Solution in 1 % saline (interpolated 
from the data of Fig. 5). (Membrane A. P.D. 59 m/x.) 


Results. Conditions for the poorest filtrability of pseudoglobulin in 1 % 
saline obtain at p n 4*4, where a 90 mp membrane completely retains the protein. 
This reaction is well on the acid side of the isoelectric point (p n 5*4) in contrast 
to the close correspondence observed between isoelectric point and point of 
maximum j e for the albumin. Adsorption of serum-globulin on collodion particles 
is greatest over a fairly wide range of p H in the neighbourhood of the isoelectric 
point [Ettisch ei ah, 1930; Elford, unpublished experiments], and the maximum 
is not sharply defined as in the case of serum-albumin. 

Broth is found to improve the filtrability of pseudoglobulin at all values 
(Fig. 6), but the point of minimum filtrability seems to be displaced still further 
in the acid direction (y? H 3-7). Since the broth itself exhibits a maximum 
opalescence at about 3, the minimum filtrability observed at 3*7 may 
depend upon the resultant stability of the broth colloids and of the pseudo - 
globulin. 

The optimum point for the filtration of pseudoglobulin in 1 % saline, as far 
as the present investigations extend, is at y? H 8. The corresponding value for the 
end-point is about 2 5mg. 

Effect of neutral salt on filtrability . 

Solutions of the albumin containing sodium chloride in concentrations varying 
from 0*05 % to 2*0 % were filtered at selected p R values to show how increasing 
the amount of salt in the medium influenced filtration. The salt concentration 
producing the maximum effect in each case, together with the actual value of 

42—2 
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^max? are shown in Table II. The increase in fiitrability due to the salt is least 
marked with systems of high fiitrability (lowj e ) hi water, and the effect becomes 
greater as the isoelectric point is approached from the alkaline side. 

Table II, Effect of salt on the fiitrability of serum-albumin. 
Concentration of protein 0*5 %. 




Concentra- 

« max in 





Mem- 

tion of 

NaCl 



je in 


brane 

NaCl 

solu- 

M max in 

A 

water 

Pn 

mix 

0/ 

/o 

tion 

water 

^ max 

mix 

7-2 

14*5 

1*0* 

0*34 

0*14 

0*20 

13 

6*8 

20 

0*8 

0*90 

0*63 

0*27 

14 

4*8 

40 

2*0 

0*95 

0 

0*95 

45 


* Only concentration used. 


Effect of concentration of protein on filtrability. 

Filtration studies on viruses have shown that the fiitrability improves with 
increasing concentration of virus, particularly as the grade of membrane used 
approaches the end-point. The higher the virus concentration the more quickly 
is the adsorbing capacity of the membrane satisfied, so that the virus has the 
greater chance of appearing in the filtrate before blocking sets in. Therefore 
experiments have always been performed with suspensions of the highest 
concentrations obtainable, which, however, in the case of virus correspond to 
molecular concentrations which, for a protein, would be quite undetectable by 
the sulphosalicylic acid test. In protein solutions, the molecular concentration 
may be high enough actually to hinder filtration. 



Fig. 7. Filtration curves of serum-albumin at different concentrations, a. 4-0 %. b. 2*0%. 
c. 1-0%. d. 0*5%. e. 0*25%. (Membrane A.P.D. 33m^; p H of solution 5*7.) 

Experimental. Solutions of serum-albumin at p H 5 *7-5*8 ranging in concen- 
tration from 0*25 % to 4 % were filtered through membranes of the same 
grade. The results are expressed in terms of the relative concentration of filtrate, 
u, in Fig. 7. 
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Results. The value of decreases with increasing original concentration 
of the solution filtered. In the systems of highest protein concentration, the 
primary adsorption on the membrane is most quickly satisfied, but blocking sets 
in at such an early stage that the first sample of filtrate collected is the most 
concentrated. Under such conditions it is almost impossible to obtain repro- 
ducible results, as the filtrate concentration is rising so rapidly in the first ml 
that a very slight variation of the time at which blocking becomes effective will 
result in widely conflicting values of % max . Hence the concentrations of 4 %, 
2 % and probably 1 % are unsuitable for quantitative comparative experiments. 
On the other hand, a concentration of 0*25 % is rather low for accurate analyses 
by the refractometer. The usual concentration used in these investigations, 
0*5 %, is apparently the most satisfactory. 


Effect of pressure on filtrability. 

A solution of pseudoglobulin at p H 5*2 was filtered through membranes of 
grade 84 m/x at pressures of 3, 2 and 1 atmospheres and under its own slight 
hydrostatic pressure in the filter. In the last case, the conditions approximated 
to those of a diffusion experiment. Fig. 8 demonstrates the effect of increasing 



Fig. 8. Filtration curves of serum-pseudoglobulin at different pressures, a. No pressure applied. 
b. 1 atm. pressure, c. 2 atm. pressure, d. 3 atm. pressure. Membrane A.P.D. 84?%^; p H of 
solution 5-2. 

pressure in slightly narrowing the adsorption zone [Elford, 1933] and hastening 
blocking. The range of pressure (1-3 atmospheres) regularly employed in the 
present studies does not involve much variation in u m ax . 

Discussion. 

The p pr filtrability curves of serum-albumin (Fig. 3) indicate that the p IL 
range may be divided conveniently into characteristic zones of good and poor 
filtrability. Between 4*2 and 7, there is a sharp peak of poor filtrability, where 
the end-point values of average pore diameter lie far above the molecular size 
(5*4 m/x, disregarding the dissymmetry of the molecule) calculated from, ultra- 
centrifugation [Svedberg, 1930; von Mutzenbecher, 1933]. On each side this 
region grades into a zone of good filtrability, where the curves are relatively fiat, 
and j e is about twice the molecular size of the protein. 

The filtration curves for experiments within the central zone of poor filtra- 
bility are invariably of types I, III and IV (Fig. 1). Curves of the other types occur 



658 


W. J. ELFORD AND J, D. FERRY 


as this zone merges into the regions of good filtrability; the extreme acid and 
alkaline systems invariably give curves of types I, II and Y. The universality of 
type I shows a uniform filtration mechanism for membranes which let through 
the respective systems in nearly undiminished concentration, i.e. where u mBlX 
lies between 0-9 and TO. The distribution of the other types indicates two 
different mechanisms in those filtrations where % ma x lies between 0 and 0*9. 

In a case where the p H lies within the central zone, the relative concentration 
of the filtrate drops off at an early stage and decreases as the filtration is con- 
tinued, eventually reaching zero. The pores have been rendered impermeable to 
protein, presumably blocked by large deposits of protein within them, and the 
Umax attained is far below the value which might have been reached had this 
blocking effect not occurred. This process may be termed abnormal filtration. On 
the other hand, when the experiment is made in the extreme acid or alkaline 
portion of the p H range, the relative concentration of the filtrate reaches a 
definite fractional value which is fairly steadily maintained or may even rise 
gradually as the filtration continues. This is what would be expected for a true 
sieving mechanism, where the filtrate concentration slowly increases due to the 
continual gain in concentration of the residue above the membrane [Manegold, 
1930] or is maintained constant if the latter effect is offset by a slow blocking. 
The suggestion of sieving need not necessarily mean that the system filtered is 
polydisperse. A nionodisperse system filtered through a membrane whose pores 
are not quite uniform in size but have a range of size distribution would exhibit 
this effect ; and our gradocol membranes, while believed to be more uniform than 
most other types of filters, possess such a range of pore sizes. Rut regardless of 
what interpretation is placed upon the filtration curves of types II and V, it is 
evident that only where these types obtain can the experiments be used for 
comparing the particle size of the disperse phase with the pore size of the 
membrane. Hence we propose to term the process which gives rise to these cur ves 
normal filtration. 

The close resemblance in shape of the curve of as a function of p H for serum- 
albumin (Fig. 3) to the curve for adsorption of the protein on collodion particles 
[Elforcl, 1933] indicates the important correlation of adsorption with filtrability. 
However, the primary adsorption occurring at the pore surface, whose equilibra- 
tion takes place within the first ml. or so of filtrate passing and is responsible for 
the initial steep rise in the filtration curve, is not the decisive phenomenon in 
filtration. It determines the value of Umax only in the case of curves of type I. 
The significance of the similarity of the curves is probably that the high peak in 
adsorption in the isoelectric region is due to the same process which causes the 
blocking of pores in abnormal filtration. That process may be a multiple layer 
adsorption. 

The position and shape of the adsorption peak are the same whether the 
adsorbent is collodion, quartz, kieselguhr or kaolin (Elford, unpublished experi- 
ments), suggesting that the peak is due to adsorption not of protein on adsorbent 
only but of protein on protein, i.e. to the formation of secondary adsorbed layers. 
This corresponds with the tendency to aggregate which prevails in isoelectric 
protein solutions, as demonstrated by maximum opalescence and a minimum of 
the “ alcohol number” defined by Fenn [1918] at this point. The blocking in the 
zone of abnormal filtration is then easily explained. When the protein system is 
forced through the membrane, multiple layers are adsorbed on the sides of the 
pores; the latter are narrowed and, as the filtration continues, eventually become 
blocked. The conditions within the pores are exceptionally favourable for 
formation of protein aggregates and precipitation, owing to the frequency of 
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collisions in the limited space. On the other hand, in the zones of normal filtra- 
tion (which may be termed the stable 1 zones), adsorption of the protein is prob- 
ably unimolecuiar. The pores are lined with one layer of protein, and other 
protein molecules slip through without being retained. 

The range of p B values investigated for pseudoglobulin seems to lie entirely 
within its abnormal filtration zone (Fig. 5), as the encl-point at the extreme 
alkaline side is still more than three times the size of the molecule (6-9 my, 
disregarding molecular dissymmetry). This is confirmed by the filtration curves, 
which are nearly all of the types X, XIX and XV. The broad zone of abnormal 
filtration is quite in agreement with the fact that solutions of pseudoglobulin are 
generally less stable and more apt to aggregate and precipitate than those of 
albumin. In solutions whose p H values lie in the centre of this zone, even the 
adsorption on the top surface of the membrane apparently suffices to initiate a 
progressive precipitation. The residue above the membrane after filtration of 
such a system usually contains a copious precipitate of protein, and the con- 
centration of the supernatant solution, in spite of a decrease in volume of 
ten- or twenty-fold, is less than that of the stock solution originally introduced 
into the filter. The adsorption- curve of the pseudoglobulin, again, closely 
resembles the filtrability curves. 

The general effect of salt in improving filtrability, observed at the isoelectric 
point and on the alkaline side of it, may now be interpreted as a peptising action 
due perhaps to alteration in charge and hydration . of the protein molecule by 
adsorption of ions. It suppresses aggregation and formation of multiple adsorbed 
layers and renders filtration less 41 e abnormal.” The more abnormal the filtration 
is in the absence of salt, the more the presence of salt would be expected to 
affect it; and this is found to be the case (Table IX). This is further illustrated 
by the fact that saline medium improves the filtrability of pseudoglobulim more 
than that of albumin, solutions of the former protein being characterised by 
their relative instability and abnormal filtration. The stabilising effect of salt 
on the globulin is also apparent in decreasing visible opalescence and increasing 
the “alcohol number.” An increase in the electrolyte content of the system will 
also progressively reduce the Donnan potential at the surface of the protein 
particle and thus tend to minimise any consequent electro-viscous effects. 

The extra-digested broth probably peptises the protein in much the same way 
as does the sodium chloride, owing to its high content of salts and amino-acids 
(Table X). The other broths, however, have an additional effect, and this is 
probably “lubrication” due to preferential adsorption of a capillary- active 
constituent on the surface of the membrane pores [Elford, 1933], and consequent 
suppression, not only of multiple-layer adsorption, but even of unimolecuiar 
adsorption of the protein, thereby making conditions the most favourable possible 
for filtration. 

Stock broth can thus improve the filtrability of albumin even at a p K at 
which filtration in distilled water solution is normal . Fig. 4 demonstrates that the 
filtrability is, in fact, increased by broth over the entire range, and the zone 
of abnormal filtration is much narrower (p H 4* 3-5*5) than for aqueous solutions 
of the protein (p lx 4*2-7). 

1 Our use of this term should not be confused with, that of Svedberg, whose “jOn-stability 
ranges” refer to stability of .monodispersion, with respect to breakdown (occasionally aggregation) 
of protein molecules. “Stability” is used in this paper with respect to potential aggregation and 
precipitation. 
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Optimum conditions for filtration. 

It is essential in determining the filtration “end-point” for estimating the 
particle size of a disperse system to ascertain and utilise the optimum conditions 
for filtration. These obtain when the filtration is “normal,” and when the end- 
point value is as close to the actual particle size as possible. The fact that a 
protein in solution, as found by Svedberg in his ultracentrifugation studies, is 
uniformly monodisperse only within certain definite characteristic ranges of , 
makes it necessary to confine filtration within these prescribed limits. In the 
studies with virus suspensions also, a restriction upon the permissible working 
conditions is imposed by the p n range of viability in each instance. The evidence 
presented in the foregoing sections clearly indicates that for the serum-proteins 
the requirements for optimum filtration conditions would be fulfilled by adopting 
Hartley's broth, at p n 8, as the standard suspension medium. This medium at 

74-7-6 has been consistently used in ultrafiltration analyses of virus and 
bacteriophage suspensions in this laboratory. Experience has shown that both 
virus and phages filter under these conditions much more readily than when 
contained in saline or Ringer solution [Galloway and Elford, 1931 ; Elford and 
Andrewes, 1932]. Further, their filtrability in broth is not appreciably affected 
by changes of p H within the range of viability whereas in saline and Ringer the 
filtrability of the viruses and phages decreases as the p n is changed in the acid 
direction. It must be remembered in this connection, however, that when work- 
ing with viruses it is seldom possible to detect with certainty variations in 
concentration less than tenfold. 

The ratio , particle size/ end-point A.P.D . , for the serum-proteins. 

An empirical correction factor, derived from filtration studies with suspen- 
sions of known particle size, has been used in calculating the particle sizes of 
viruses and bacteriophages from the values of their experimentally determined 
end-points [Elford, 1933]. The ratio, particle size/end- point A.P.D. , was evaluated 
individually for certain bacteria, gold sols, haemoglobin and egg-albumin. The 
correction factor was given as ranging from this ratio to a figure about 30 % 
below it. It is of interest to derive the values of the ratio for the serum-proteins 
(Table III). The sizes of the protein particles, denoted by 2 r, are calculated from 


Table III. Particle sizes and end-points of the serum-proteins . 




Particle 




Medium 

size, 2 r 
■nip 

End-point 
je (mp) 

^ . 2 r 

Ratio t~ 
de 

Serum -albumin 

Water, 8*0 

54 

11 

0*4:9 

Serum -albumin 

Broth, p R 7*8 

54 

9-10 

0-54-0-60 

Serum -pseudoglo bulin 

Broth, p u 7-8 

6-9 

11-12 

0-57-0-63 


Svedberg’ s and von Mutzenbeeher’s values for the molecular weights, neglecting 
their slight dissymmetry and regarding them as spherical. The end-points under 
the optimum conditions, i.e. solution in Hartley's broth at p H 7-8, were obtained 
by extrapolation from the lower portions of the end-point curves of the respective 
systems. The end-point for serum -albumin in water at p jr 8*0 is from the data 
of Fig. 3. 

The end-point for the albumin in water is naturally higher than in broth, 
even though the filtration is quite normal in both cases, because of the additional 

“ lubrication ” afforded by the latter medium. The ratios ~ for the two proteins 
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in brotli agree satisfactorily with the value (0*54) for haemoglobin in the same 
medium [Elford, 1933]. 

It Is hoped to present later similar data for proteins of still larger molecules, 
when a general tabulation of the values of the ratios will be made. 

Filtration of artificial mixtures. 

Examination of the respective end-point curves showed that at _p H 3-8 
membranes of A.P.D. 4 Omfi to 80 mjju retain pseudoglobulin (in saline) completely, 
whereas albumin (in distilled water) passes them in nearly undiminished con- 
centration. To determine the behaviour of a mixture of the two, a solution at 
p H 3-8 was made up to 0*5 % in respect to each protein in 1 % saline and filtered 
through several grades of membranes in this range. The results are shown in 
Table IV. 

Table IV. Filtration of artificial mixtures. 


0-5 % albumin + 0*5 % pseudoglobulin in 1 % NaCl p H 3*8. 


Membrane A.P.D. 

Pseudoglobulin 

Albumin 

mp 

(1/2 sat. (NH 4 ) 2 S0 4 ) 

( snip liosaliey lie acid) 

70 

Positive 

Positive 

55 

Trace 

Trace 

40 

Negative 

Negative 


Under these conditions, the filtrability of the pseudoglobulin is increased, and 
that of the albumin is greatly decreased. The improvement in the case of the 
former protein is probably the result of a stabilising influence exerted by the 
albumin. Oil the other hand, the drop in filtrability of the albumin no doubt 
means that the pores, clogged by multiple adsorbed layers of pseudoglobulin 
(here undergoing abnormal filtration), are blocked to both proteins equally. Hence 
the data do not necessarily indicate formation of an albumin-globulin complex. 
(The mixture is not strictly comparable with the pure solution of albumin, owing 
to the presence of the sodium chloride in the former ; but any effect due to the salt 
would be small compared with the great decrease in filtrability observed). 

Filtration of horse serum . 

In order to compare the filtration end-points of serum-albumin and globulin 
as determined in pure solutions and in their native state in serum, reference is 
made to the work of Elford, Grabar and Fischer. Their experiments, details of 
which will be published later, yield the end-point values for the proteins in 
undiluted serum and in dilutions in broth and in saline (Table V). 


Table V. End-points of the serum-proteins in native serum . 



Pressure 1-3 atm. 

End-point of 
albumin 

End-point of 
globulin 


Ph 

mp 

mp 

Undiluted serum 

8*2 

9-10 

11 

Serum *. broth,, 1 : 9 

7 *6-7 *8 

9-10 

11 

Serum : saline, 1 : 9 

7*8~8*0 

11 

13 

C 1 


It is seen by inspection of Tables III and V that the filtrability of each serum- 
protein is characterised by the same end-point whether the system filtered Is 
normal serum or the pure solution of the protein in Hartley’s brotli at $) H 7*8. 
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This indicates that serum-albumin and globulin exist largely as individual mole- 
cular species in their native state in serum, a conclusion also reached by Svedberg 
and von Mutzenbecher in their ultracentrifugation studies. 

Summary. 

1. The filtration curve, end-point curve and a quantitative measure of 
filtrability are defined. 

2. The influence of the nature of solvent medium, p H , neutral salts, concen- 
tration of protein and filtration pressure on the ultrafiltration of serum -albumin 
and pseudoglobulin through graded collodion membranes is described. 

3. These effects demonstrate two types of filtration, termed normal and 
abnormal, and are interpreted in terms of adsorption of protein within the 
membrane pores. 

4. Hartley’s broth at p H 7*6-7*8 is found to be the best solvent medium for 
filtration experiments with the proteins, as previously noted for bacteriophages 
and animal viruses. 

5. The ratios, particle size/end-point A.P.D., are given for the two proteins 
for optimum filtration conditions. 

6. The filtration end-point of each protein is the same in pure solution in 
Hartley’s broth at p H 7*8 as in native horse serum. 
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XCL THE REVERSIBLE ENZYMIC OXIDATION 

OF VITAMIN C. 


By SYLVESTER SOLOMON ZILVAh 
From the Division of Nutrition , Lister Institute , London . 

{Received March 5th , I&24.) 

Some years ago during the progress of an inquiry on the production of an 
antiscorbutieally active cider from Bramley’s Seedling apples it was observed 
that the juice expressed from the fruit while retaining a very high proportion of 
its antiscorbutic activity did not reduce indophenol. At that time the writer held 
the view that the capacity for reducing this indicator was mainly due to a sub- 
stance which, although closely associated with the vitamin in a protective way, 
was not the active principle itself. The probability of the production of a re- 
versibly oxidised active form of the vitamin was not at that time seriously 
considered by him. 

This problem was reinvestigated recently in view of the fact which has now 
been established that ^-ascorbic acid possesses antiscorbutic activity per se and 
that when this compound is reversibly oxidised [Szent-Gyorgyi, 1928] it retains 
its activity [Tillmans et aL, 1932; Hirst and Zilva, 1933]. 

It was found again that juice expressed from Bramley’s Seedling apples 
although unable to reduce indophenol was antiscorbutieally active. Thus a daily 
dose of 3 ml. of the non-reducing apple juice afforded protection to guinea-pigs 
equivalent to 0*25-0*5 mg. of ascorbic acid or to rather less than 1 ml. of de- 
dicated lemon juice (lOi.u.). This potency is not very much less than that 
obtained with intact tissue of these apples (usually about 15 i.u. per 3 g.). The 
apple juice, it was further found, reduced indophenol immediately after expres- 
sion but rapidly lost this power of reduction. iVqueous extracts prepared with or 
without cyanide, unlike alcoholic, trichloroacetic acid and strongly acid extracts 
did not reduce indophenol. Furthermore, the non-reducing apple juice after 
treatment with hydrogen sulphide regained the property of reducing indophenol. 
This evidence is very suggestive of a case of enzymic reversible oxidation. 
Experiments will here be described which strongly support this hypothesis. 

Experimental. 

The oxidation of vitamin 0 in lemon juice . 

15 ml. of freshly expressed apple juice (Bramley’s Seedling), which did not 
reduce indophenol, were added (a) to 50 ml. of decitrated lemon juice $> H 7 
(resulting of mixture, 4*4) ; (h) to 50 ml. of decitrated lemon and the mixture 
adjusted to^ H 3 (reaction of apple juice). These mixtures were allowed to remain 
in the presence of air at room temperature for 6 hours. At the end of this time the 
reduction in (a) had fallen from 4*9 to 0*8 ml. N/1QQQ indophenol per ml. ; in 
(b) from 4*9 to 2*1 ml. of the indicator. The corresponding control solutions of 
decitrated lemon juice which did not contain any apple juice lost very little of 

1 Member of the Scientific Staff, Medical’ Research Council. 
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their indophenol reducing power. The oxidised solutions were then submitted to 
reduction with hydrogen sulphide as described by Johnson [1933]. The titre of 
(a) and of (6) rose in consequence to 6 ml. N / 1000 indophenol. These figures were 
higher than the original (4*9 ml.) owing to the fact that the oxidised apple juice 
in the samples was also reduced in the process. An experiment performed with 
pure ascorbic acid in aqueous solution gave similar results. 

The biological activity of the reversibly oxidised vitamin C in lemon juice. 

Decitrated lemon juice treated daily as above and kept at p H 4*4 was used 
in these tests. The indophenol reducing power left in these preparations after they 
had stood for 6 hours varied with the samples of the apple used. Only very 
seldom was the reducing power found to have disappeared entirely. Occasionally 
oxidation was not very advanced after this time. In such cases the preparation 
was allowed to remain for about 24 hours, after which no reducing power could 
usually be observed. It was, however, considered inadvisable to test 24-hour 
samples daily in order to avoid the possibility of considerable direct oxidation by 
atmospheric oxygen. Daily doses of T5 ml. of the oxidised preparations were 
tested, and decitrated lemon juice of an equivalent reducing capacity was ad- 
ministered to a control group of guinea-pigs. It will be seen from Fig. I that the 




C = Chloroformed. V.S.S. = Very slight scurvy. 

+ =Died. N = Normal. 

S — Scurvy. { = Onset ol clinical symptoms of scurvy. 

A. These animals received 1*5 ml. of reversibly oxidised decitrated lemon juice daily. 
Average reduction value of daily dose 1-4 ml. A'/ 1000 indophenol. 

B. These animals received as a control untreated decitrated lemon juice. 

' Average reduction value of dally dose 1-8 ml. A'/1000 indophenol. 

reversibly oxidised dose of T5 ml. which showed an average daily reducing 
capacity of only 1*4 ml. Nj 1000 indophenol protected the animals to a very 
marked extent, whilst a dose of decitrated lemon juice of a similar reducing 
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capacity afforded hardly any protection. As the activity of apple juice present in 
the oxidised dose was negligible it may be assumed that the reversibly oxidised 
vitamin of the decitrated lemon juice was mainly responsible for the protection. 

The influence of the absence of oxygen on the action of apple juice on vitamin G . 

Experiments similar to the above were carried out at p K 4-4 In an atmosphere 
of nitrogen. In a typical experiment the solutions were placed in ampoules which 
were then alternately exhausted and filled with nitrogen three times. These 
solutions as well as the controls, which were kept in conical flasks in the air, were 
stored side by side at room temperature for 24 hours. While the reducing power 
of the control solution fell from 5*5 ml. A/1000 indophenol to nil per ml. that of 
the anaerobic sample fell only to 4 ml. A/1000 indophenol. The small loss in 
reducing power in the latter was most probably due to manipulation, and 
reversible oxidation, if any, was therefore small. 

The influence of boiled apple juice on vitamin C . 

Experiments similar to the above were performed in which the apple juice 
used was previously boiled. The following is a typical experiment in which the 
reducing capacity of the sample containing the boiled apple juice fell at p H 4*4 
from 4-9 to 3-8 ml. A/1000 indophenol per ml. of solution in 6 hours, a fall which 
was very probably clue to atmospheric oxidation. In the sample with the 
unboiled juice the original titre fell to 0*8 ml. A/1000 indophenol per I ml. of 
solution. 

The influence of boiled apple juice with added peroxidase on vitamin 0. 

The apple juice used in the above experiments is capable of oxidising the usual 
peroxidase reagents in the presence of hydrogen peroxide. This oxidative activity 
is destroyed on boiling, and it was of interest to discover whether the addition of 
peroxidase to boiled apple juice would restore its capacity to oxidise vitamin C. 
The preceding experiment was therefore repeated with and without the addition 
of turnip-peroxidase to the boiled apple juice. It will be seen from the following 
representative experiment that this addition did not restore the oxidising activity 
of the boiled apple juice. Thus at p H 4-4 the solution containing the boiled apple 
juice alone and the solution containing the boiled apple juice plus a few drops of 
turnip-peroxidase solution, as well as the control decitrated lemon juice con- 
taining no apple juice, fell in their reducing capacity from 5-1 to 4*5 ml. A/1006 
indophenol per ml. of the solution. 

The influence of cyanide on the action of apple juice on vitamin G. 

As cyanide inhibits peroxidase activity, an endeavour was made to ascertain 
whether this reagent would also inhibit the oxidising activity of the apple juice. 
In these experiments carried out at 4*4 the usual quantities of decitrated 
lemon juice and apple juice were used. To one sample sodium cyanide was added 
to make the concentration ilf/500. This concentration inhibited the peroxidase 
activity in the solution. The following is a typical example. In the sample 
containing cyanide the indophenol reducing capacity fell from 5*3 to 1*8 ml. 
A - / 1000 indophenol per ml. in 6 hours. In the control sample which did not 
contain any cyanide the reducing capacity fell to T1 ml. in the same time. This 
concentration of cyanide, therefore, had no serious inhibiting effect on the 
oxidation of the vita min . Only when the concentration was raised ten- or 
twenty-fold was a marked inhibition observed. 
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Discussion. 

The experiments described supply fairly convincing evidence that the apple 
contains an enzyme which is capable of reversibly oxidising vitamin 0 without 
affecting its antiscorbutic potency to any very marked extent. The facts that 
peroxidase when added to boiled apple juice is incapable of oxidising the vitamin 
and that quantities of cyanide which inhibit this enzyme do not seriously 
interfere with the oxidation of the reduced form of the active principle, show that 
this oxidation is not brought about by peroxidase either alone or as one of the 
enzymes in a coupled system. The oxidising enzyme seems to resemble the one 
described by Szent-Gyorgyi [1931]. 

This worker found that unboiled, but not boiled, cabbage pulp rapidly lost its 
capacity for reducing Folin’s phenol reagent and for taking up oxygen in a 
respirometer. Further, the addition of hexuronic acid (ascorbic acid) to cabbage 
juice greatly increased the uptake of oxygen. He concluded that cabbage con- 
tained an enzyme (hexoxidase) which could oxidise reversibly hexuronic acid. 
The oxidised product obtained by him w T as not tested for its antiscorbutic activity, 
as at that time the identity of ascorbic acid with vitamin C was not known. It is, 
however, quite conceivable that the oxidised product in cabbage juice is also 
active. 

That the oxidising enzyme functions under physiologically controlled condi- 
tions in the tissue of the intact apple as well as in the disrupted fruit is more than 
probable. In fact, evidence which is very suggestive in this respect has been 
obtained during the last few years in an enquiry on the vitamin C of the apple by 
the writer in collaboration with Drs F. Kidd and C. West of the Low r Temperature 
Research Station, Cambridge. The knowledge of the distribution of this enzyme 
in the plant and animal kingdoms would evidently greatly contribute to the 
solution of the problem of the function of vitamin C in plant and animal 
organisms. 

Summary. 

The apple (Bramley’s Seedling) contains a thermolabile enzyme which is 
capable of reversibly oxidising vitamin C without seriously impairing its anti- 
scorbutic activity. 

This enzyme does not function under anaerobic conditions and is only in- 
hibited by very high concentrations of cyanide. 

The peroxidase of the apple does not seem to be involved in this oxidation 
process. 


REFERENCES. 

Hirst and Zilva (1933). Biochem . J. 27, 1271. 

Johnson ( 1933). Biochem. J. 27, 1287. 

Szent-Gyorgyi ( 1928 ). Biochem. J. 22, 1287. 

* — — (1931). J. Biol. Chem. 90, 385. 

Tillmans, Hirsch and Dick (1932). Z. Unters. Lebmsm '. 63, 267 . 
and Siebert (1932). Z. Unters. Lebensm. 63, 21. 



XCII. THE FORMALDEHYDE-AZO-TEST 
FOR VITAMIN B x . 
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From the Department of Biochemistry , Oxford. 

(Received March 5th , 1934.) 

There is some vagueness as to the exact scope of the so-called Pauly reaction, 
such as is given by histidine with diazotised sulphanilic acid. In the broad sense, 
it might be considered to characterise any substance reacting in a weak alkaline 
solution to give the characteristic pink or red colour. In the particular sense 
however it is often now taken to indicate a substance reacting with the reagents 
studied in detail by Koessler and Hanke [1919; see also Hunter, 1922; 1925]. 

Jansen and Donath [1926] stated that their crystalline preparations of vita- 
min B x from rice polishings gave a strong Pauly reaction, i.e. gave a red colour 
when treated with diazotised sulphanilic acid in presence of sodium carbonate. 
On the other hand, Kinnerslev and Peters [1927 ; 1928] found (a) that most of the 
substances in yeast concentrates of vitamin B x giving the Pauly reaction 
(Koessler and Hanke technique) did not fractionate with the activity and (6) that 
fractions of activity lOy per unit of B x did not contain more than 3 % of sub- 
stances giving a Pauly reaction similar to that of histidine. Guha and Drum- 
mond [1929] also obtained active vitamin B x fractions from yeast giving feeble 
Pauly reactions. In ignorance of the true potency of vitamin B x itself, it was im- 
possible to decide whether the final entity was responsible for the trace of pink 
found. In 1931, at the British Association, it was stated [Peters, 1931] that the 
trace of pink colour given in the Pauly reaction by active yeast concentrates and 
by Jansen’s crystals could be enhanced by suitable choice of alkalinity, and that 
it was believed that the active entity gave a Pauly reaction 1 . Shortly afterwards 
this opinion was confirmed in further work, the outcome of which is given in this 
paper. Meanwhile other researches have given contradictory results, e.g. the vita- 
min B x crystals of Ohdake [1932] are stated to give a slow pink diazo-reaction, 
whereas the crystalline preparations of Tschesche et al. [1931] and of Van Veen 
[1932] gave no Pauly reaction, though the latter author was of the opinion that 
interaction with diazotised sulphanilic acid took place. Our own crystalline 
preparations have been stated by us to give an entirely yellow reaction with 
Pauly’s test as performed by Koessler and Hanke, i.e. in 2-5 % sodium carbonate. 
Hence w r e were correct in attributing our previous 3 % to impurities. 

Nevertheless, in essence the opinion as expressed at the British Association 
Meeting is correct, namely that the vitamin would interact with the diazo- 
reagent to give a pink colour at a more alkaline reaction than the one employed 
in the Koessler and Hanke method. We have delayed publication on this question 
for over two years in the effort to collect conclusive evidence, and we are now 
presenting shortly some of our data (as a preliminary step). Two circumstances 
have assisted our progress : (1) the realisation that rather fine shades of alkalinity 
1 It should have been added “in this sense.” 
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would influence the coupling of some substances in the yeast extracts and the 
degree of yellow rather than pink formed (it is well known that pronounced 
changes in the alkalinity influence these colours): (2) the discovery of the 
remarkable effect of formaldehyde. 

Test in presence op formaldehyde . 

All vitamin B x crystalline preparations in our possession interact to produce 
a pink colour with the following reagent: 

N NaOH 100 ml. 

NaHCOg 5*76 g. 

H 2 0 100 ml. 

Method of performing test. 0*5 ml. of the diazotised sulphanilic acid 1 (Koessler 
and Hanke) is added to 1*25 ml. of the reagent in a small test-tube and after 
1 minute 1 drop (0*03 ml) 40 % formaldehyde and then immediately the 
vitamin in 0* 1-0*3 ml. solution of acidity greater than p K 4*0. A pink colour 
develops slowly and increases in intensity for 30-60 minutes. After this time it 
remains approximately constant, though the pink becomes more prominent up 
to 24 hours owing to fading of the yellow. Standards can be made up with dif- 
ferent concentrations of the vitamin from 2 to 6 or 7 pigeon doses and kept for 
about 14 days. The limit of sensitivity is about 1 vitamin unit, approximately 
1 *5-2*0 y crystals. If made up in steps of 1 unit (pigeon dose) in small test-tubes 
(7 x 1*3 cm.) and corked, reasonably accurate estimates of colour can be made 
with 5-10y of vitamin crystals. Trials with a colorimeter have not given as 
satisfactory results with these- dilute solutions as the simple comparative method. 
The latter can be combined with dilution if desired. With amounts of 1 unit, the 
colour is ill-defined. Even in the purest specimens of vitamin yet reached, the 
red is always tinged with yellow. 10 y (5 pigeon doses in our sense) approxi- 
mately match a mixture of Sorensen’s acid and alkaline phosphates (2 + 8 
volumes) of p H 5 at 15°, containing in 103 ml., 100 ml. of phosphate mixture and 
3*0 ml. 0*02 % phenol red. 

Influence of formaldehyde. 

The N / 10 H Cl extracts from charcoal [Kinnersley et al . 1933]. In the purer 
preparations of 5y and under per vitamin B x unit, the formaldehyde stabilises 
the colour. In its absence the colour increases in intensity for a short time and 
then fades. This perhaps explains Ohdake’s [1932] observations. The pink- 
coloured substance is extracted by butyl alcohol from alkaline solution, and so 
can often be separated from the yellow substances in impure solutions. 

In the less pure preparations up to lOOy per unit the formaldehyde has the 
effect of suppressing or inducing the gradual fading of the yellow colour caused by 
impurities (such as histamine), which react with the reagent at the particular 
alkalinity chosen to give a yellow colour. (At a less alkaline p R such substances 
would of course give the usual pink.) 

The SO °j 0 alcohol extracts from charcoal and baryta extract of Jansen's acid clay 
standard. In these cases increase of the formaldehyde to a point at which the 
vitamin red colour is suppressed is not sufficient to inhibit the yellow colour. 
Orange colorations are therefore always produced. No attempt has yet been 
made to explore this further. By use of the Rosenheim - S chust er colorimeter, the 
red component can be selected and could probably be estimated, but this has not 
been properly explored. 

1 This reagent will keep for a week, if surrounded by ice in a thermos flask. 
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In all the impure extracts there is apt to be present in addition a substance 
giving a colour reaction at a more alkaline p lv The alkalinity is chosen to reduce 
to a minimum the influence (a) of substances of the histamine type showing pink 
at more acid reaction and ( b ) of substances showing colours at a more alkaline 
reaction. 

"Vitamin couples at an acid as well as an alkaline reaction. The azo-colour 
is only produced at an alkaline p K . The test cannot well be applied at all to 
extracts less pme than 500 y /unit, as it is obscured by other reactions. In yeast 
extracts (and other sources investigated), there may be present at the earlier 
stages (in the extracts of acid charcoal for instance) a substance behaving 
similarly to the vitamin. It may be distinguished by adding to the pink solution 
concentrated HC1 drop by drop to approximately p K 8. At this p n , the colour 
in question rapidly diminishes, whereas that of the vitamin persists for some time, 
even at an acid p^. Beyond this, the test appears to have a fairly high degree of 
specificity ; out of a large number of substances tried, one of the few giving the 
reaction is acetone, and the colour in this case is not permanent. The question 
however has not been thoroughly explored. The formaldehyde should be added 
to an acid solution of the vitamin immediately before the diazotised reagent. An 
explanation of the action of formaldehyde is not to hand ; possibly it is in this 
case an oxidising action. It has been noticed that methylene blue reduced by 
sodium hydrosulphite at an acid p K is not affected by addition of formaldehyde ; 
making alkaline, however, induces much more rapid oxidation of the methylene 
white in presence than in absence of formaldehyde. 

A preliminary exploration with this test has been made of a large number of ex- 
tracts of seeds, roots, sugars, etc,, after treatment with lead acetate and charcoal for 
the extraction of the vitamin. In many cases there was a substance producing the 
vitamin type of colour unstable in acid ; in no case was there reason to suspect a more 
active source of the vitamin than yeast. It should be emphasised that in first ex- 
tracts the concentration of the vitamin is never sufficient to show the reaction. 

Table I shows a comparison between vitamin activities by bird and formal - 
dehyde-azo-test ; it represents a few only of the numerous estimations made. 

Table I. 

Amounts (y) having similar activities ( = 4 pigeon day doses). 


(1) Older preparations 

Formalde- 
hyde-azo- 
Bird test 

(2) 

More recent tests 

Formalde- 
hyde -azo- 
Bird test 

No. 

y 

V 

No. 

y 

r 

53 

10 

10 

92 A 50 

8 

8 

Windaus et al. 

17*8 

18 

19 

10 (5)* 

8*9 

64*19 

10 

9*6 

Van Veen 

8 (10)t 

6*8 

56 

11*2 

13-S 

93 A 

10(7) 

12*8 


(3) Tests during an early fractionation of a pliosphotungstate fraction, o* 5-4*S. 
refers to the p K at which fractions were separated. 

Formaldehyde -azo- 


Pu 

Bird (y) 

test (y) 

5*3 + 

51*5 (5) 

51*5 

5*2 + 

125 (4) 

120 

5-0- 

157 (4) 

230 


* Figures in brackets refer to numbers of birds in tests. For probable errors see paper by 
Kinnersley et al. [1933], and for comparison with catatorulin tests Passmore et ah [1933]. 

Note. 1 pigeon day dose = approximately 1 vitamin B x unit, 
t This is not the preparation recently mentioned in Nature. 

Biochem. 1934 xxvm 
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Tests upon the preparations of Tsekesehe et al ., and Van Veen 1 are also included. 
The latter is from rice polishings, so that the reaction is given by oryzanin as well 
as by torulin. 

There is no question from an examination of Table I of the close parallelism 
between the fractionation of vitamin B x and the substance in the extract giving 
the formaldehyde-azo-test. We are clear, however, that we have had in our 
hands occasionally forms of the vitamin which do not give the test at the same 
intensity as the bird test. Hence, though it can be said that with the above 
exception all substances giving this test in these extracts contain vitamin B x , it is 
apparently not true that all forms of vitamin B x give the test. 

Use of the test in f ractionation . 

The formaldehyde-azo-test is of the greatest value in the fractionation and 
has enabled us almost to dispense with the animal tests in fractionation of the 
phosphotungstate extract from the A/10 HC1 extracts of the charcoal [Kinners- 
ley et al. 1933], By carrying out simultaneous tests with and without formal- 
dehyde during the fractionation at 4, it is possible to separate almost exactly 
all the vitamin from the substance which gives the yellow reaction, mostly 
destroyed by formaldehyde under our conditions 2 . Until it is quite certain that 
pure vitamin B x has been obtained, it cannot be proved that the formaldehyde- 
azo-test is one of its properties. But it can be definitely asserted that the test is 
of the greatest value in following vitamin B x up to a highly potent crystalline 
stage. This assertion is based upon a large number of experiments over a period 
of two years. It is possible that the discrepancies still shown in Table I are not 
due to experimental error (e.g. 93 A) ; this should be decided by work in progress 
in collaboration with J. R. O’Brien. 

Summary. 

An azo-test is described of high specificity for vitamin B x . The specificity is 
due to the suitable choice of alkalinity for coupling and the use of formaldehyde 
as a stabilising agent. 

We are indebted to the Medical Research Council for a personal grant to one 
of us. We are also grateful to Mr J. R. O’Brien for advice and help. 
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Pernicious anaemia results from a failure of the supply of healthy red cells to 
the circulating blood. No way was known of restoring this lost power of re- 
generation of healthy red cells until Minot and Murphy [1926] observed that by 
feeding liver to persons suffering from this type of anaemia increased numbers of 
reticulocytes, or young red blood cells, appeared in the circulation, with the 
result that the blood was gradually restored to its normal condition. 

Following on this discovery, Castle [1929; Castle and Townsend, 1929] 
announced that changes in the blood, similar to those produced by liver feeding, 
could be caused by daily administration of raw beef which had previously been 
digested by normal gastric juice, either in the stomach of a normal person or 
in vitro. Neither beef nor gastric juice was effective alone or when fed succes- 
sively. Castle suggested that pernicious anaemia is a deficiency disease of a new 
type ; that it is due to a lack of some unknown substance or principle produced 
from protein during normal digestion ; and that the gastric secretion in pernicious 
anaemia is deficient in a factor necessary for the production of this principle. 

According to this work there are, therefore, two factors involved in the main- 
tenance of the proper supply of red blood cells : (1) an intrinsic factor in the 
gastric juice, and (2) an extrinsic factor contained in protein. By the interaction 
of these factors the haematopoietic principle is produced. Normally this principle 
is concentrated in the liver, hence the efficacy of this organ in the treatment of 
anaemia. 

In his later work Castle et al. [1930] demonstrated that the protein of beef 
muscle, precipitated at p H 6 and washed with saline of the same reaction, could 
act as the extrinsic factor : washed caseinogen and wheat gluten were unsuitable. 
The principle could be obtained by digesting this precipitated beef protein with 
normal gastric juice at a neutral reaction. The intrinsic factor appears to be 
neither HC1, nor pepsin, nor trypsin; it is confined to the gastric juice and is 
destroyed by boiling and behaves like an enzyme [Castle et al., 1931]. 

In view of what is known of the intrinsic factor, its resemblance to an en- 
zyme, etc., we felt that it would be of value to study more closely the interaction 
of gastric juice and muscle-protein with the object of obtaining chemical evidence 
of the production of the active principle. Up to this time the test for the presence 
of the haematopoietic principle in digests, and incidentally, for the presence or 
absence of the intrinsic factor in a given sample of gastric juice, has been a 
reticulocyte response after feeding the products of digestion to eases of pernicious 
anaemia. 
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There is evidence that the active principle produced during the digestion of 
muscle-protein by gastric juice is a water-soluble nitrogenous base, not precipi- 
tated by trichloroacetic acid [Cohn et aL, 1930]. We therefore planned to deter- 
mine whether a non-protein nitrogenous body results from such digestion by 
normal gastric juice in vitro near the neutral point, and if so, whether the gastric 
secretion of cases of pernicious anaemia shows a diminished activity in this 
respect. 

Experimental. 

Gastric juice (obtained 1 hour after subcutaneous injection of histamine, or 
following ingestion of 5 % alcohol) was incubated with muscle-protein in a 
buffered medium of approximately p H 6. The unchanged protein -was removed by 
means of trichloroacetic acid and the 1ST in the filtrate determined. 

A difficulty which we early encountered was the occasional presence of minute 
amounts of trypsin in the gastric juice: such tryptic activity was exceedingly 
small hut was sufficient to cast doubt upon our findings. Experiments with 
commercial trypsin (Liquor Pancreaticus (Armour) precipitated with alcohol, 
the precipitate washed with alcohol, dried and taken up in saline) showed, how- 
ever, that the amount of soluble N produced from beef-muscle by this enzyme is 
50 % less at p H 6 than at p K 8. We were able, therefore, by determining the 
extent of digestion at p H 8, to make a suitable correction for tryptic activity 
when it was present. In doing this we were obviously neglecting the possibility 
of digestion such as we were seeking occurring at the alkaline reaction, a circum- 
stance which could not be excluded and which, in any case, does not minimise 
the significance of our findings. 

The activity of pepsin under the conditions of our experiments becomes 
negligible at p H 3-5, i.e. well removed from the region in which we were working. 

Method. The gastric juice was freed from solid particles and its reaction ad- 
justed to p H 6 with alkali or acid as required. 5 ml. were measured into each of 
three test-tubes : to one of these tubes were added 5 ml. of N /5 HC1 ; to the others 
5 ml. of M j 20 phosphate buffer solution of p H 6 and 8 respectively. The contents 
of the tubes were mixed and the reaction checked with the glass electrode. 4 ml. 
portions of this mixture were separately transferred to test-tubes containing 
50 mg. of muscle-protein (this was probably the globulin of muscle and was 
prepared according to the directions of Castle et aL [1931], dried and powdered). 
The remaining fluid was heated to the boiling-point, cooled, and 4 ml, portions 
were similarly put up with protein as controls. All the tubes were incubated at 
40° for 3 hours and gently agitated 3 or 4 times an hour. When incubation was 
complete 2 ml. of 25 % trichloroacetic acid were added to each tube, and the 
tubes after shaking were allowed to stand overnight. Finally, the contents of the 
tubes were filtered and the N in 4 ml. of the filtrates determined by the micro - 
Kjeldah! method, using N /1 00 acid. The results represent the differences between 
the N values of the two digests, calculated as for 100 ml. of gastric juice. 

Results. 

In Table I our findings in a series of experiments on the gastric juice from 
normal and pernicious anaemia and other patients are set out. Where the samples 
of juice contained trypsin, as evidenced by digestion at p H 8, the amounts of 
soluble N produced at p H 6 have been corrected by subtraction of one-half the 
values obtained at 8. 

It will be seen that in all but two cases in the normal group, N amounting to 
5-17 mg. per 100 ml. of juice was produced at p H 6. There is no apparent reason 
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Table I. Action of gastric juice on muscle-protein. 

mg. of soluble N per 100 ml. of juice. 

( V allies at p H 6 are corrected for trypsin.) 

Ph. ^ 2>h 8 

14 9 

17 34 

13 0 

17 11 

0 . 2 

7 1 

5 2 

7 6 

11 0 

5 0 

6 0 

11 0 

0 0 

0 3 

0 5 

5 6 

4 14 

13 23 

■ 0 5 

1 0 

1 3 

0 8 

22 0 

4 0 

10 5 

6 2 

8 6 


for the failure of two cases to show digestion, and no explanation is possible at 
this stage. 

Turning now to the findings in the collection of cases of pernicious anaemia, 
with one exception, digestion at p H 6 was very considerably less than in the 
normal group : comparison of the two groups clearly shows a difference in the 
behaviour of the anaemic and normal secretions in regard to the quantities of 
soluble N produced under the conditions of the experiments. 

Of four cases of achlorhydric secondary anaemia, two conformed to the 
normal and two to the pernicious type. 

The amount of N produced at p R 6 bears no relation to the magnitude of . 
either tryptic or peptic digestion. The juice in pernicious anaemia was weak in 
peptic activity under these conditions : this is in agreement with the findings of 
other workers using different substrates. 

> One case in the pernicious group was found to have free HOI in the gastric 
juice after histamine and peptic activity above the normal average. The occur- 
rence of free HOI in the gastric secretion in this disease is extremely rare, and it is 
particularly interesting that in this case there should have been practically no 
evidence of activity by our method. The blood of the j 3 atient, a female, showed 
R.B.C., 1,400,000; Hb., 36 %; and CX, 1*3. 

> In addition we have made some observations of a preliminary nature on the 
effect of on the production of the soluble N. Samples of normal gastric juice 


Pu 1-2 

Normals 

227 

234 

164 

200 

151 

157 

174 

153 

192 

156 

155 

160 

Pernicious anaemia 78 

128 

31 

30 

42 

24 

*203 

61 

24 

Achlorhydric secondary anaemia 99 

61 

66 


Sub-acute combined degeneration of 123 

spinal cord 

* Tree HC1 after histamine. 
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were allowed to act upon muscle-protein, in a buffered medium, at various 
reactions. Two curves are reproduced in Fig. I. In the same figure are plotted 
curves for the action of pepsin and trypsin under similar conditions. 



Fig. 1. Action of pepsin, trypsin and gastric juice on muscle-globulin. 

Castle et at [1931] found that commercial pepsin was devoid of the intrinsic 
factor : we assume that the behaviour of the enzyme preparations used by us 
(pepsin scales, B.P., and Armour’s pancreatic extract) is in accordance with that 
of the gastric enzymes. It will be observed that just as the action of pepsin 
becomes negligible at p H 3-5, trypsin ceases to produce any N from muscle- 
protein at about p H 5-5, with the result that there exists a range from 3-5 to 
5*5 over which neither enzyme yields demonstrable amounts of 1ST under the 
conditions of our experiments. In regard to gastric juice, however, it is clear that 
even at reactions within the range _p H 3 -5-5*5 definite activity exists, and it 
would seem to be an advantage in future study to concentrate on this region and 
so eliminate altogether the participation of pepsin and trypsin. 

At this stage we can do little more than record these findings in the hope that 
subsequent work will reveal their true significance. 

We have had in mind the possibility that a bacterial agency might be 
responsible for the effects obtained. Control experiments in which toluene was 
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used to inhibit bacterial activity still gave positive results. Further, it is in the 
anaemias in which one finds a rich bacterial flora in the stomach owing to the 
absence of free acid that the low results were obtained. 

If, as is possible, the nitrogenous substance produced in our experiments 
during digestion of muscle-protein by gastric juice near the neutral point is 
related to the haematopoietic principle of Castle, then we have demonstrated in 
a direct manner the relative absence of the intrinsic factor from the gastric 
secretion in pernicious anaemia. In consideration of the finding of a certain degree 
of activity among the anaemias, it must be remembered that even if the gastric 
juice in pernicious anaemia had all the characteristics of normal juice it is highly 
probable that its normal functions would be disturbed by a deficiency of secre- 
tion, the amount of gastric secretion being so small in this disease. When the 
secretion is not only scanty in amount but poor in quality it can easily be under- 
stood that serious impairment of its function may result. 

In regard to the findings in achlorhydric secondary anaemia, it is of much 
interest, in view of the possibility of a transition from this condition to true 
pernicious anaemia, that some cases show little activity. 

We hope that continuation of this work with improved methods of investiga- 
tion will lead to a fuller understanding of the significance of Castle’s observations 
and of the role of gastric secretion in the workings of the body. 

Summary. 

1. Small amounts of soluble N are produced when normal gastric juice is 
incubated with beef muscle- protein at p H 6. 

2. The amounts of this N produced by the gastric secretion from cases of 
pernicious anaemia were found to be diminished. 

3. In the few cases of achlorhydric secondary anaemia studied the results 
were variable. 

4. Pepsin and trypsin play no part in the process. 

5. It is possible that the intrinsic factor (Castle) of the gastric juice is con- 
cerned in the production of the nitrogenous substance. 

It gives me much pleasure to express my thanks to Prof. 0. L. V. de Wesselow, 
Director of the Medical Unit, for suggestions and criticism in the course of this 
work, and to the Medical Research Council for a part-time grant. 
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Kerr [1929] concluded that in solutions outside the physiological range erythro- 
cytes were permeable to Na+ and K + . He also observed that ox erythrocytes 
suspended in an aqueous solution containing 200 mg. K per 100 ml. showed a 
greater increase in their K content than did cells suspended in serum of which the 
K content had been raised to 200 mg. per 100 ml. and hence assumed that normal 
serum lowered the permeability of erythrocytes. In view of the well recognised 
depressing effect of Ca ++ on the permeability of a number of animal membranes, 
e.g. in the case of Arbacia eggs as described by Lucke and McCutcheon [1928], it 
was thought to be not improbable that the serum-Ca played an important role 
in determining the impermeability of the erythrocyte membrane to Na+ and K + 
which is normally observed. The experiments to be described were carried out 
primarily to test this theory. 

Experimental. 

Freshly collected ox blood was filtered through muslin, centrifuged, the 
serum and top layer of corpuscles were removed and 25 ml. of corpuscles 
suspended in 25 ml. of saline in a corked flask. After a given time the suspension 
was centrifuged, the saline removed and 5 ml. of corpuscles measured out into a 
beaker and diluted with distilled water. The proteins were precipitated with 
10 ml. of trichloroacetic acid, filtered off and the filtrate was evaporated to 
dryness in a silica flask. Ashing was completed by Kutz’s method [1931]. The 
residue was taken up with water and made up to 10 ml. 

Sodium determination. The volumetric method of Kahane [1930] was tried 
but found to be quite unsatisfactory. Balint’s [1924] modification of the Kramer - 
Tisdall method gave good results and "was employed throughout. 

Potassium determination. The method of Kramer [1920] was used. 

Blood-volume changes. These were determined by blood counts on the centri- 
fuged corpuscles and by haematocrit determinations on the suspension. 

Results. 

In Table I are shown the results of suspending ox corpuscles in various 
aqueous solutions using this procedure. Exp. 1 shows a large decrease in the 
potassium content of the corpuscles when suspended in 0-9 % Nad. Addition 
of CaCJ 2 up to 100 mg. of Ca per 100 ml., which is roughly ten times as much as 
occurs in normal serum, produces no significant effect on this decrease. Exp. 2 
shows that there is little difference in K content between the control cells and 
those suspended in Nad, Ringer solution and buffered Ringer. Now these two 
experiments differ in the way in which the controls were determined. In Exp. 1, as 
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Table I. 








K 

Na 

Vol. 



Washing fluid 


mg./ 

mg./ 

chge. 

Corr. 

Corr 

Time 

100 ml. 

100 ml. 

O/ 

/o 

K 

Na 

Serum. 

— 

87*9 




87*9 


0*9 % NaCI 

Overnight 

78*9 

’ 

- 5 

75*0 


0*9 % NaCI + 20 mg. Ca/100 ml. 


79*1 

_ 


75*1 


0*9% NaCl-r 40 mg. Ca/lOOml. 

99 

79*5 



99 

75*5 


0*9 % NaCI + 60 mg. Ca/ 100 ml. 

99 

78*9 




75*0 


0*9% NaCI + 100 mg. Ca/lOOmi. 

99 

80*0 

— 

? ? 

76*0 

— 

Serum* 

Overnight 

58*5 



-f 3 

60*2 



0*9% NaCI 


63*0 



-6*3 

59*6 



Ringer 

JJ 

67*4 



-13 

58*6 



Buffered Ringer 


68*5 


-12 

60*3 

— 

Serum* 

6 hours 

61*1 



+ 3*2 

63*1 


NaCI oxalate 


61*8 



-2*9 

60*0 



Oxalated serum 

99 

64*0 



- 7*3 

59*3 



Ringer oxalate 


64*8 

— 

-9*4 

58*7 

— 

Serum 

Overnight 

86*1 

180 

__ 

86*1 

180 

Serum* 


77*6 

196 

12*3 

68*0 

175 

1*5% KC1 

99 

192 

155 

-6 

181 

146 

1*5 % KC1 + OaCl 2 


198 

154 

-9 

180 

140 


* Corpuscles left in contact with their serum. 


in Kerr’s experiments, the control corpuscles were not left in contact with their 
serum but were immediately ashed and analysed for potassium, whilst in the 
second experiment the control corpuscles were left suspended in serum for the 
same period as the others were left in their respective aqueous solutions. If the 
corpuscles are impermeable to Na and K when in contact with their serum, then 
there should be no difference between the values obtained by either method. The 
fact of the small difference between the control corpuscle-potassium and that of 
corpuscles suspended in NaCI in the one case and the large difference in the other 
ease would point to the possibility of potassium leaking out of the corpuscles 
almost as well when in contact with serum as when in contact with an aqueous 
Nad solution. Exp. 4 of Table I, in which controls were determined in both 
ways, confirms this, the K content of corpuscles left overnight in contact with 
serum, in the ice-chest decreasing by 18 mg. per 100 ml. Returning to Exp. 2 it is 
seen that it is very difficult to draw any definite conclusion as to the effect of 
suspending corpuscles in Ringer or the effect of buffering the solution, since the 
differences are small and the error introduced by the volume- change correction 
would probably cover these differences. Again in Exp. 3 it appears that oxalated 
serum approximates more closely, in behaviour to NaCI solution than to normal 
serum but the differences are small and come within the maximum error. In 
1*5 % KOI an increase of over 100 % in the K content and a decrease of about 30 % 
in the Na content are observed. The Oa ++ seems not to affect the permeability 
of the corpuscle membrane to K+ or Na + . 

It was now felt necessary to develop a technique in which the error introduced 
by the blood- volume correction, amounting on the average to about 5 %, could 
be removed. In the next series of experiments 5 nil. of corpuscles were placed in 
a centrifuge-tube and 10 or 5 ml. of the saline added. After a given period the 
corpuscles were centrifuged down, and the supernatant fluid was carefully and 
completely sucked off, great care being taken not to remove any corpuscles. The 
whole of the corpuscles in the tube were then laked, ashed and analysed for Na 
and K. This method is independent of the volume changes, as the whole of the 
corpuscles are analysed and not an aliquot as previously. Table II shows some of 
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Table II. 




Time 

K mg./ 

Na mg. ; 

No. 

Washing fluid 

hrs. 

100 ml. 

100 ml. 

1 

Serum 

— 

71-2 

— 


Serum* 

4 

68*3 

— 


0*9 % NaCl 

4 

65*0 

— 


Buffered Ringer 

4 

67*9 

— 

2 

Serum* 

3 

844 

182 


1*5 % KC1 

3 

146 

135 


1*5 % KC1 + CaCl 2 

3 

145 

136 

3 

Serum 

— 

64-7 

190 


Glucose 

3 

634 

145 

4 

Serum 

— 

754 

174 


84 % serum ; 16 % H 2 Q 

2 

67*2 

136 

5 

1*5 % KCl 

2 

151 

125 


1-5 % KCl; 0*9 % NaCl 

2; 0*5 

854 

163 


1*5 % KCl; 0-9 % NaCl 

2; 1 

83*7 

163 

6 

Serum 



— 

208 


Glucose 

0*5 

— 

151 


1*5 % KCl 

0*5 

— 

153 


Glucose: KCl, 9 : 1 

0*5 

— 

150 


* Corpuscles left in contact with their serum. 


the results obtained by this method. Exp. 1 shows that in 0*9 % NaCl alone the 
corpuscles lose more K than they do in serum, whilst in buffered Ringer the 
losses are approximately the same. Hence the losses of K in NaCl observed 
are probably due to a general increase of permeability consequent upon certain 
changes due to degradation characteristic of dead tissue and not to the removal 
of any specific factor in the serum. 

Losses of Na and K are experienced on suspending the corpuscles in isotonic 
glucose or dilution of the serum by about 20 %. The large increase in K content 
and the large decrease in Na content observed on suspending corpuscles in KC1 
solution might quite reasonably be interpreted as adsorption and desorption 
phenomena. It may be recalled that the average contents of ox-serum are 
20 mg. K and 300 mg. Na per 100 ml. Hence it would be expected that if 
adsorption occurred at the serum-interface Na would be the chief constituent of 
this adsorption layer. Thus suspending corpuscles in a medium containing very 
little or no Na, e.g. in glucose or KG1 should produce a large drop in their Na 
content. The succeeding experiments represent attempts to solve this problem. 

In Exp. 5 of Table II three lots of corpuscles were suspended for 2 hours 
in 1*5 % KC1. One lot was then analysed for K whilst the two others were 
suspended in 0*9 % NaCl. One lot was immediately centrifuged down and the 
other after half an hour. If the potassium were actually permeating the mem- 
brane one might expect to find a greater amount in the lot immediately centri- 
fuged off than in the lot centrifuged half an hour later. The results show no 
appreciable difference between the two. (It is to be noted that the centrifuging 
was allowed to continue for half an hour, that time being thought necessary; it 
was later discovered that from a slightly hypertonic aqueous solution corpuscles 
could be centrifuged off within 2-3 minutes.) A comparison of the losses of Na 
in glucose and KC1 shows no difference. If the loss were due to desorption one 
would expect that the desorption would occur more readily in KOI where there 
are ions to exchange with the adsorbed Na than in glucose. However it must be 
pointed out that we are not here measuring relative velocities but the amounts 



679 


PERMEABILITY OF ERYTHROCYTES 


lost in one specified time, 
ments are shown. Exps. 
times varying from 8 to 60 


In Table III the results of a series of kinetic experi- 
1 and. 2 show the effect of suspending corpuscles for 
minutes in T5 % Nad. As is observed the corpus cle-Na 


Table III. 


Washing fluid 

1 Seram 

1*48 % NaCl 
?? 

53 

2 Serum 

1*53 % NaCl 


3 Seram 

1*5 % KOI 


1*5 % KC1; 0-9 % Nad 


4 Serum 

1*5 % NaCl 


Time (mins.) K mg./lOO ml. Na mg./ 100 ml. 


— 

83*2 

159 

8 

79*7 

197 

30 

79*6 

218 

60 

76*0 

213 

— 

77*5 

185 

7 

74*2 

232 

15 

74*2 

247 

22 

74*0 

255 

26*5 

73*8 

278 

31*5 

73*8 

276 

— 

93*7 

176 

4-5 

261 

131 

7-5 

265 

129 

15*5 

271 

126 

30*0 

288 

126 

30; 5 

148 

200 

30; 9 

138 

174 

30; 10 

137 

188 

30; 31 

136 

176 

— 

— 

160 

8-5 

— 

226 

11*0 

— 

228 

2-85 

— 

231 



increases with time arriving at a stationary value some time between 8 and 30 
minutes. The results of Exp. 2 are shown diagrammatically in Fig. I where the 
log of the Na content of the corpuscles is plotted against time. If the process is 
one of permeation a straight line should result; the graph shows a sharp initial 
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rise and then a slower one to equilibrium. Exp. 3 shows similar behaviour in 
1*5 % KC1 and subsequent suspension in 0*9 % JNTaCL 

Two explanations of Fig. 1 are possible. Either (a) the initial sharp increase 
is due to adsorption, and the slower increase due to penetration, in which case the 
adsorption would be represented by A B and the permeation by BO; or ( b ) the 
effect may be due to inefficient stirring, in which case the whole increase might be 
due to adsorption or permeation or both. To test this last hypothesis Exp. 4 was 
performed using twice as much saline for suspending the corpuscles as in Exps. 1, 
2 and 3, and the suspension was vigorously stirred for at least 2 minutes before 
being centrifuged. As the Table shows the phenomenon of the secondary increase 
has disappeared under these conditions. 

In Table IV and Fig. 2 are showm the results of suspending corpuscles 
in mixtures of NaCl and KC1, the K varying in concentration from 40 to 

Table IV. 



Washing fluid 

Corpuscles 

A 


Na mg./lOO ml. K mg./lOO ml. 

K mg./lOO ml. Na mg./lOO ml. 


Serum 

84-8 

203 

39-2 

439-5 

85*7 

207 

58*8 

427-7 

86-1 

207 

78*4 

217-5 

89*3 

207 

117*6 

393-0 

96-0 

207 

176-6 

358-0 

105-0 

205 

225-0 

324*0 

113-0 

197 

298-0 

287-0 

118-0 

189 

588-0 

116-0 

145-0 

154 


Corpuscles suspended for 1 hour in washing fluid. 




Fig. 2. 


600 mg./lOO ml. and Na from 440 to 136 mg./lOO ml. The total molar concentra- 
tion of the two ions Na + and K + was kept constant to maintain identical tonicity 
of the different solutions and so prevent differences in volume. 

Applying the Freundlich adsorption equation : 

W 

c (vr Ci 


this may he written : 
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the denominator of the left-hand side representing the factor introduced to ac- 
count for the limited area of the surface available for adsorption. Applying this to 
the case where we have both Na+ and K+ present: " " " ‘ ~ ~ 


(0 K +- + C N;i -f) i 


assuming that n is the same for both Na + and K+. Now under the conditions of 
the experiment (C7 K ++ 0 Na +) is constant, so that the adsorption isotherm of either 
component should be a straight line. It is unfortunate therefore that the shape 
of the curve of corpuscle-K against concentration in the aqueous solution will not 
help to distinguish between adsorption and permeation ; however, the slope of the 
curve will tell us whether anything like a simple equilibrium is being established. 
The actual curve, which has been drawn as a straight line, is certainly rather 
ambiguous, and one must hesitate before deciding how to characterise the 
phenomenon it represents. The theoretical curve, assuming that K+ permeates 
and is divided equally between the two media, is seen to be very much steeper 
than the actual curve, showing that if the increases are due to permeation they 
must occur in accordance with some very obscure equilibrium. 


Discussion. 

The serum -factor of Kerr appears not to be Ca ++ . The apparent difference in 
behaviour between corpuscles in serum and those in NaCi solution has been shown 
to be illusory, depending on the method of determining the control. K leaks out 
of the corpuscles into the serum at about the same rate as into NaCi solution. 
The results of suspending corpuscles in isotonic glucose and diluted serum do 
not agree with those of Hamburger [1910]. Hamburger found no change in 
glucose solution and penetration of Na in diluted serum. A point which bears 
very strongly against the explanation of the losses of Na in KOI and glucose 
solutions as being due to desorption is the following. If the total molar concen- 
tration of Na-f K in the corpuscles is compared with that of the serum we find 
that they are equal; e.g. the average of seven different Jots of blood gives a total 
cone, of 14-9 mMjlQQ ml. for the corpuscles and 14*9 mMjlOO ml. for serum. 
This of course is to be expected. Now if we assume that approximately 25 % of 
the corpuscle-Na is adsorbed on the surface, as Exps. 2, 3, 5 and 6 of Table II 
would indicate, then the average total molar concentration in the corpuscles 
becomes 13-7 mM\ 100 ml., i.e. there would be an osmotic difference between the 
cells and serum at equilibrium, which of course is impossible. It must therefore 
be concluded that the losses of Na in KC1 and glucose solutions are due to 
permeation. Hence we are confronted with the phenomenon of a rapid permea- 
tion (within 5 minutes) of some 50 mg. Na per 100 ml. to an equilibrium state in 
which a high concentration gradient is still maintained. From Table IV it is 
observed that the concentration of Na in the washing fluid may be decreased 
from 440 to 360 mg. per 100 ml. without producing any significant change in the 
corpuscle-Na, which seems to indicate that there is a concentration gradient 
which has to be exceeded before any permeation can occur. 

As far as the K + ion is concerned a definite but small loss of K occurs in NaCi 
solution which must be due to permeation. All that can be said of the behaviour 
of corpuscles in KC1 solution is that if permeation of K+ does occur it takes place 
within 5 minutes, and an equilibrium position is reached remotely different from 
that expected on the basis of free permeation. 
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A possible explanation of these phenomena might be arrived at on the 
assumption that treatment of the cells with the solution examined itself affects the 
permeability of the corpuscles, increasing the proportion of those which may be 
called “dead cells.” These “dead cells” will establish a perfect thermodynamic 
equilibrium with the surrounding fluid, whilst the remainder mil maintain their 
normal impermeability. The net effect will then appear as a partial permeability 
such as is actually observed. Against this is the fact that only in rare instances 
was any haemolysis observed, so that a state of permeability to N a+ and K+ must 
be postulated which lies mid -way between those of the normal cell and the truly 
“dead” cell. Further, one would have to assume that the corpuscles are much 
more permeable to Na + than to K> in this hypothetical dead state, since in glucose 
solutions only about 2 % of the K+ is lost compared with about 36 % of 
the Na + . 

Ponder and Saslow [1930; 1931] conclude from their measurements of cor- 
puscular volume that in isotonic salt solutions a loss of osmotic substances occurs, 
and in hypertonic NaCl and KC1 the two salts penetrate to such an extent as to 
produce an increase in volume after 5 minutes. The results described in this paper 
show the loss of only small quantities of K in isotonic NaCl and large quantities 
of Na in KOI accompanied, however, in the latter case by a larger increase in the 
K content. In 1*5 % NaCl the increases of Na observed are certainly not 
sufficient to demand an increase in corpuscular volume, and in actual fact an 
invariable contraction occurred in T5 % NaCl and KOI solutions lasting for 
hours. It must be borne in mind, however, that Ponder and Saslow were working 
with rabbit’s blood, and such large differences in behaviour between species are 
not out of the question. Reference may here be made to the work of Woodhouse 
and Pickworth [1932], who measured the permeability of corpuscles to a large 
number of ions. These authors did not study the influence of K + ions as “it may 
be taken without further experimental proof that the erythrocyte is impermeable 
to K + ,” yet if they had measured the permeability of K + they would have 
obtained a “permeability coefficient” of over 40, a value they obtained for 01" in 
NH 4 C1. Until some method has been devised which will decide unequivocally 
whether a given ion permeates or is adsorbed one must accept with reserve their 
statement that the NH + 4 ion permeates readily. 

Summary. 

1. In 0*9 % NaOl ox erythrocytes lose K; this loss is unaffected by the 
presence of Ca ++ ions and is about equal to the loss sustained in their normal 
serum under the same conditions. 

2. In 1*5 % KOI the corpuscles lose 25-30 % of their Na within 5 minutes ; no 
further appreciable losses occur after this time. The corpuscle-K increases by 
160-200 % in the same time and remains constant. 

3. In 1*5 % NaCl a considerable increase in corpuscle-Na occurs, but 
not sufficient to raise the corpuscle concentration to that of the external 
solution. 

4. In glucose solution a large loss of Na and a small loss of K occur. The loss 
of Na is the same in glucose as in KOI or in mixtures of the two. 

5. In diluted serum losses of Na and K are observed. 

6. The corpuscie-K is plotted against the concentration of K in the suspend- 
ing fluid when the latter is varied between 46 and 606 mg./I60 ml. The results are 
not in accord with what would he expected on the basis of ready permeation and 
only fit approximately an adsorption curve. 
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XCV. CALCIFICATION OF HYPERTROPHIC 
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Introduction. 

In a previous paper on the experimental calcification of cartilage in vitro 
[Robison et at., 1930] the conclusion was stated that two distinct mechanisms 
are concerned in normal calcification of cartilage and bone. The first of these, 
phosphatase- phosphoric ester, brings about the necessary supersaturation of 
tissue fluid with hone salt [Robison, 1923; 1932]. The second becomes effective 
only when supersaturation in sufficient degree has been achieved ; it provokes 
the rapid and orderly deposition of the calcium salt in the ground substance 
of the tissue [Shipley et at. , 1926; Robison, 1926]. 

The share contributed by each mechanism towards the ultimate deposition 
of the solid calcium salt may depend on the state of the blood with respect to 
this salt and on the amount of phosphoric ester available. 

The distinction between these two mechanisms is empirical. Their activity 
becomes apparent under different experimental conditions ; but it is not affirmed 
that the mechanisms are entirely independent. 

Previous experiments brought to light the favourable effect of bicarbonate 
on calcification and the inhibitory effect of other ions, notably Mg ++ , and of 
protein, and the inhibition of the second mechanism by potassium cyanide, 
chloroform or by dehydration of the cartilage by acetone etc. 

Experiments planned to obtain more information on the nature and pro- 
perties of the dual calcifying mechanism, and particularly of that component 
which we have termed the second mechanism, are described in this paper. 

Experimental. 

The technique was in general the same as that previously employed [Robison 
et at ., 1930]. Longitudinal slices cut from the heads of the long bones of rachitic 
rats were immersed for periods of 16-20 hours in sterile salt solutions at 37° 
and j> H 74. In these experiments the constant-flow apparatus previously de- 
scribed was not used; but the flasks (20 or 100 ml.) containing the bone slices 
were slowly and continuously rotated at 37° so that all surfaces of the slices 
were equally exposed to the calcifying solutions. The slices were subsequently 
fixed, stained with silver nitrate and cleared in cedar wood oil, so that the 
amount of new calcification in the zone of hypertrophic cartilage could be more 
readily judged. This is shown in the tables by a figure (maximum 10) repre- 
senting the extent of the deposit and bars (maximum 5) representing the density, 
thus 6 = . 

1 Grocers’ Company Research Student. Part of the work described in this paper was included 
in a thesis submitted by A. H. Rosenheim and approved for the degree of Ph.D. in the University 
of London. 
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The composition of the basal solution is given in Table I. It differs slightly 
from that previously used, approximating still more closely to normal plasma 
in salt content. 

Table I. Composition of experimental solutions . 


g. per litre 
basal solution 


NaCl 

6*0 

NaHCO a 

2-2 

KC1 

0-3 

MgSOj, 7BLQ 

0*25 


Millimols per litre 



Experimental 

solution 

Normal 

Ion 

8:5:0 

plasma 

Na 

130*0 

146-0 

K 

5*6 

5*1 

Ca 

2*0 

2*5 

Mg 

1*0 

1*25 

Cl 

108*0 

101*0 

hco 3 

26*0 

26-7 

hpo 4 

1*6 

1*0 

so 4 

1*0 

2-0 


The molar concentrations of the acid and basic radicals in a typical inorganic 
calcifying solution, 8 : 5 : 0 1 , and typical values for normal human plasma [Kramer 
and Tisdall, 1922] are compared in the same table. 

Calcium was added to the basal salt solution as CaCl 2 and inorganic phos- 
phate as NaKHP0 4 . 

Comparison of the effects of various phosphoric esters on 
calcification in vitro. 

In view of the role ascribed to the phosphatase mechanism experiments were 
undertaken to compare the effects of different phosphoric esters on calcification 
in vitro with that of the S3nupy sodium glycerophosphate (chiefly oc-ester) which 
had been generally used. The effect may be dependent on such factors as the 
rate of diffusion into, or specific adsorption by, the cartilage and on the rate 
of hydrolysis by the bone-phosphatase. 

In these experiments the period of immersion and the concentration of ester 
were varied, so that any differences in behaviour might be brought out more 
clearly. The various esters used and the experimental results are shown hi 
Table II. One rat was used for each experiment. 

Ko very marked differences were observed in the effectiveness of the first 
five esters in the table. The smaller deposits obtained in 5 hours with hexose- 
monophosphate may possibly signify that this ester diffuses somewhat more 
slowly than glycerophosphate into the cartilage, although the calcification pro- 
duced in 18 hours was equally great with both esters. 

In the inorganic solutions, in absence of phosphoric ester, no calcification 
was obtained in periods up to 6 hours. Diphosphogly cerate, which is one of 
the phosphoric esters of the red blood corpuscles, w r as ineffective. This ester 
was not hydrolysed in separate tests with extracted bone-phosphatase; moreover 
the calcium salt was so insoluble as to be precipitated in the experimental 
solutions. It is possible, however, that a monophosphogly cerate is also formed 
in the red corpuscles, and this being readily hydrolysable would prove a suitable 
substrate for the bone- enzyme. The question is at present being investigated in 
this laboratory. 

1 The experimental solutions are referred to in this way throughout the text. Thus solution 
8:5:3 contains 8 mg. Ca, 5 mg. P as inorganic phosphate and 3 mg. P as organic phosphate 
per 100 ml. basal salt solution. 
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mg. per 
100 ml. 


Table II. The effect of various phosphoric esters on calcification in vitro. 

Exp. 


Cone, 
of ester 


3 4 5 

Time (hours) 


Ca 

X 

inorg. 

X mJSpjUUJL JLU iug. X pci 

ester 100 ml. 

18 

5 6 

4 

6 

6 

18 

~18 

8 

2 

0 

0 

. 





0 


8 

3 

0 

0 

. 





3 = 


8 

4 

0 

0 

8 = 

0 0 

0 

0 



6 = 




r 2 

0 


0 








3 

9=1 



0 

4 = 

7 == 


8 

4 

a-Glycerophosphate 

4 

6 

91 

8 = 

7 = 5= 8 = 

5 = 








Uo 

. 



0 = 




8 

4 

jS -Glycerophosphate 

a 

9m 

91 

7= 7= km 






8 

4 

Hexosemonophosphate (mixed 
ester of fermentation) 

ti 

8 = 
91 

1=2= . 






8 

4 

Fructosediphosphate 

ii 


6- 






8 

4 

Trehalosemonophosphate 

ii 



0 

4 — 





8 

4 

Diphosphoglycerate 

f 3 

Uo 


0 


Op 

0 p 







f 7 





0 



8 

4 

Lecithin 

15 





0 






[30 





0 



8 

2 

Sphingomyelin 

ii 






0 

2 = 


8 

0 

Pyrophosphate 

it 







Op 

Op 

8 

2 

Pyrophosphate 

1 







Op 


p signifies precipitation in the solution during the experimental period. 


Lecithin, which is not hydrolysed by the bone-phosphatase, had no favourable 
effect on calcification; but on the other hand sphingomyelin 1 , which is hydrolysed 
to a slight extent, had some beneficial effect. 

Substitution of pyrophosphate for glycerophosphate yielded negative results, 
since precipitation of the very insoluble calcium pyrophosphate occurred in 
solutions containing no more than 1 mg. P per 100 ml. in this form. 

Experiments with other esters which might function as substrates for the 
bone-enzyme are in progress. 


Deposition of salts other than those of calcium in the 
hypertrophic cartilage in vitro. 

The object of a further series of experiments was to discover whether the 
second mechanism of hypertrophic cartilage is specific for the bone salt, the 
complex carbonate -phosphate of calcium, or whether it can also function for 
other salts of low solubility. The range of possible salts was restricted by the 
necessity of obtaining solutions sufficiently supersaturated, yet with total ion 
concentration not unduly removed from that of the tissue fluids. 

1 We are much indebted to Dr 0. Rosenheim, who very kindly provided us with a specimen 
of sphingomyelin. 
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Attempts to substitute arsenate for phosphate were unsuccessful owing to 
the high solubility of calcium arsenate. A solution containing 0*025 M calcium 
and as much as 3 M arsenate failed to give any precipitate in 24 hours at 7-4. 

The replacement of calcium by other alkaline earth metals was more prac- 
ticable although the phosphates of these metals are more soluble than those 
of calcium. 

In order to find for these experiments the conditions most comparable with 
those leading to deposition of calcium salt in the cartilage, preliminary tests 
were undertaken to establish the lowest concentrations of metal and phosphate 
at which general precipitation occurred in the salt solutions under the experi- 
mental conditions. Concentrations slightly lower than this were chosen for the 
experiments. 

For the above tests and subsequent experiments in this group potassium, 
magnesium and sulphate were omitted from the basal solution and the bicar- 
bonate content was varied as shown in Table III 1 . 


Table III. Deposition of Ca , Ba , Sr and Mg salts in the 
hypertrophic cartilage in vitro. 




17-20 hours; 37° 

Ph 7-4. 







Deposition in 






cartilage 

. A 




mg. 

per 100 ml. 

' 

a 

From 





From 

solution + 








g. per 100 ml. 

P 

P 

inorganic 

phosphoric 

Metal 

Cone. 

NaHC0 3 

inorganic organic 

solution 

ester 

Ca 

0-0025 M 

0*22 

3 

0 

3 = 




0*22 

2 

I 

• 

4 = 

Ba 

0*01 M 

0*6 

6 

0 

0 



0*0051/ 

0*6 

10 

0 

0 




0*6 

14 

0 

0 p 

. 



1*0 

18 

0 

0 




0*05 

0 

30 


6 = 



0*05 

5 

10 

. 

0 


,, 

0*05 

5 

30 

• 

7 = 

Sr 

0*011/ 

0*22 

10 

0 

0 p 




0*6 

4 

0 

0 




0*6 

8 

0 

3 = 




0*6 

12 

0 

8| 



0*005 M 

0*05 

12 

0 

0 




0*6 

16 

0 

0 




0*6 

18 

0 

3 = 



0*00251/ 

0*6 

50 

0 

4 = 



0*01 M 

0*05 

0 

30 


5 = 


0*0051/ 

0*05 

8 

4 


0 



0*05 

8 

10 


7 = 


0*00251/ 

0*05 

32 

2 


0 



0*05 

32 

4 


4 = 

Mg 

0*11/ 

0*05 

14 

0 

0 



0*05 

16 

0 

0 p 

6 



0*05 

10 

4 




0*05 

10 

10 


4 = 



0*05 

10 

30 

. 

10 n 


p signifies precipitation in the solution during the experimental period. 


1 In the case of barium and strontium it was found that as the bicarbonate concentration 
was raised, progressively higher concentrations of inorganic phosphate could be reached before 
general precipitation in the solution occurred. 
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Deposition of barium, strontium and magnesium salts in the hypertrophic 
cartilage could not at first be realised by agency of the second mechanism alone, 
that is by immersing the bone slices in inorganic solutions containing these 
metals in place of calcium. Suitable conditions were at length established in 
the ease of strontium; but deposits of barium, and magnesium salts have not 
yet been obtained in absence of phosphoric ester, even with the highest degree 
of supersaturation which can be realised short of general precipitation in the 
solution. On the other hand, deposits of the salts of barium, strontium and 
magnesium were readily obtained in the hypertrophic cartilage in vitro by agency 
of the bone-phosphatase in presence of phosphoric ester. Typical results are set 
out in Table III, which shows the relative concentrations required for deposition. 

The appearance of the deposits, stained with silver nitrate 1 can be seen in 
Plate I, Figs. 1-4. Fig. 1 shows a deposit of magnesium salt obtained in solution 
0T M Mg : 10 : 60. The deposit was formed in the matrix of the cells, entirely 
filling the zone of uncalciiied hypertrophic cartilage between the epiphysis and 
the diaphysis. In appearance it closely resembled that obtained with calcium 
salts. 

Deposits of barium and strontium were usually similar in appearance though 
sometimes they were less sharply outlined, and occasionally the barium salt 
was deposited in isolated clusters of relatively large crystals, as seen in Plate I, 
Figs. 5 and 6. 

Attempts were made to obtain deposits of lithium and beryllium salts in the 
cartilage, but the relatively high solubility of lithium phosphate and the extreme 
insolubility of beryllium phosphate, carbonate and hydroxide offered con- 
siderable difficulties, and no definite evidence of deposition was obtained. 

We conclude from these experiments that the second mechanism is not 
strictly specific for calcium, but that it undoubtedly functions better for the 
calcium salt than for the others which have been tested. It may be that calcium 
alone forms a highly complex carbonato-phosphate of solubility so much lower 
than that of the simple phosphates and carbonates that solutions not super- 
saturated with the latter may he greatly supersaturated with respect to the 
complex salt which is ultimately deposited. 

Effect of potassium cyanide , of fat solvents and of desiccation 
on the calcifying mechanisms. 

In our previous paper [Robison et aL, 1930] it was stated that potassium 
cyanide strongly inhibited calcification in inorganic solutions but had no appre- 
ciable effect in solutions containing phosphoric ester. Further experiments have 
made it clear that the inhibition of the second mechanism by potassium cyanide 
is only partial and that calcification may still occur in the more highly con- 
centrated inorganic solutions, particularly if the original activity of the second 
mechanism in the bone is high. This is illustrated by the results in Table IV. 
The calcification of the control bone slices in solution 8:5:0 shows that the 
second mechanism activity was low in rats a and b and much higher in rats 
c and d. In presence of 0-001 M potassium cyanide, calcification was still ob- 
tained in this solution in bones from the latter rats but not in those from 
rats a and b. The effect of 0*01 M cyanide was not markedly greater than that 

1 The deposits of barium, strontium and magnesium salts in the hypertrophic cartilage were 
also found to stain almost as well as those of calcium with alizarin S. In gelatin models, deposits 
of the phosphates of calcium, barium, strontium, magnesium, beryllium and lithium stained deep 
red with this dye, as was shown for calcium and stronti um by Cameron [1930], 
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Table IV. The effect of potassium cyanide on the calcifying mechanisms. 


mg. per 100 ml. 

18 hours; 37°; 7-4. 

Potassium cyanide 

A 


A 

t ' 

P 

V 

Control 

f a 

0-000111 

0-001 M 

o-oi if 

Ca inorg. 

org. 

a b c 

^ ^ ^ 

d c d 

< A 

a b c d 

c d 

8 5 

0 

lm 1- 5§ 

9= 2 = 6ee 

ill 

I 

o 

o 

2= 2 ~ 

8 6 

0 

. . 5 == 

6= . 

. . 2 — . 

3= . 

8 3 

10 

71 

6i . 

. . 71 . 



of 0-000/. No inhibitory effect was observed in solution 8:3: 10, containing 
phosphoric ester. 

The previous conclusion regarding inactivation of the second mechanism by 
treatment of the bone slices with acetone, alcohol or chloroform, or by desicca- 
tion, probably requires similar modification. It would seem that the second 
mechanism, though greatly weakened, is not entirely destroyed by such treat- 
ment. 

Effect of various organic substances on the calcifying mechanisms . 

Calcification both in presence and absence of ester was strongly inhibited 
by 0*5 % phenol and by 0-3 % thymol; but 0-1 % phenol had little apparent 
effect. Neither ethylurethane in 1 % solution nor guanidine in 0-1 % solution 
appeared to influence the calcifying mechanisms. 

Inactivation of the calcifying mechanisms by heat L 

Experiments were undertaken to determine the effect on the two calcifying 
mechanisms of heating the bone slices at different temperatures. The slices were 
placed in bicarbonate -free solution 8:2:0 and maintained at temperatures 
between 45° and 60° for periods of 10, 15 and 20 minutes. The effect on the 
two mechanisms was judged by the subsequent calcification of the slices in 
solutions 8:5:0 and 8 : 3 : 10, the deposits being compared with those in 
unheated control slices. No effect on either mechanism was observed after 
20 minutes at 45°; but some reduction in the activity of the second mechanism 
and probably also in that of the phosphatase was apparent after 15 minutes 
at 48°. The loss of activity was greater at 50° and 55°; but the results were too 
irregular to justify any conclusion as to the relative rates of destruction. Both 
mechanisms, however, appeared to be inactivated in 10 minutes at 60°. 

Inactivation of the calcifying mechanisms by acid and alkali. 

Unsuccessful attempts were made to inactivate the two mechanisms differen- 
tially by soaking bone slices for one hour in isotonic salt solutions at different 
I p R levels. Little effect on either mechanism was noted between p H 5-4 and 

8-9 at 37°; but both were inactivated, at least partially, at p H 5. 

In 1 % ammonia both mechanisms were destroyed in one hour at room 
temperature. It may be added that preparations of bone-phosphatase are very 
rapidly inactivated at values below 5-2 or above 10. It is not known to what 
extent the tissue may be able to maintain an internal p R differing from that in 
the surrounding medium. 

1 Other experiments hearing on this question and those discussed in the following two sections 
have been carried out by Niven and Robison using embryonic rabbit femora. The results are in 
course of publication. 
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Survived of the calcifying mechanisms in excised hone slices 
under various conditions . 

The question of the survival of the calcifying mechanisms in cartilage after 
excision from the body and immersion in various solutions was investigated 
on account of its theoretical interest and its bearing on the interpretation of 
experimental results. Some typical experiments are summarised in Table V. 
The control (0 hour) bone slices from each rat were placed directly in the 
calcifying solutions 8 : 5 : 0 and 8:3: 10 at 37° and left there for 18 hours. 
The other slices were first immersed for varying periods in salt solutions, or 
distilled water, at 0°, 20° or 37° as specified in Table V. They were then 
transferred to the calcifying solutions for an 18-hour period at 37°. 

Table V. Gradual inactivation of the calcifying mechanisms in hone slices 
immersed in various solutions at different temperatures. 

Duration of preliminary immersion 
Preliminary immersion (hours) 

f A >> Subsequent r A \ 


Rat 

Solu- 

tion 

NaHCO, 

0/ 

/o 

Temp, calcifying 
° C. solution 

0 | 1 2 4 

Subsequent calcification in 1 8 hours 

24 

; 37° 

48 

Ph 7'4 

a 

A 

0-22 

° i 

8:5: 0 

8 : 3 : 10 

7m 





2 = 
3 = 

0 

0 

b 

Bx 

0-03 

•• i 

8:5: 0 

S : 3 : 10 

7m 



; 


2 = 
3~ 

0 

0 

c 

A 

0-22 

20 

8:5: 0 

S : 3 : 10 

8 = 

8 = 

7 §= 


Cm 

5 m 
9m 




99 

» 

37 • 

8:5: 0 
.8:3: 10 

Sm 

8== 

Cm 


Cm 

4m 

Cm 



d 

„ 

99 


8:5: 0 

8 : 3 : 10 

fin 

5H 



; 

3== 

0 

3§= 


e 

B 

Bi 

b 2 

0-22 

0-03 

0 

37 

8:5: 0 
8:5: 0 
8:5: 0 

Cm 

Cm 


Cm 

Cm 

Cm 

3 = 

0 





B 

0-22 

37 

(8:5 : 0 
(8:3: 10 

2 — 

81 = 


2 = 






b 2 

0 

55 

(8:5: 0 
(8 :3: 10 

2 = 
8m 


0 





9 

Bt 

0*03 

37 

(8:5: 0 

1 8 : 3 : 10 

* 

5 = 

5 = 

8 = 

2 = 




Distilled water 0 


8:5: 0 

1 8 : 3 : 10 


2 = 

0 

5 m 

0 





Solutions used for the preliminary immersion : 

A, 8:2: 0, similar in composition to the calcifying solution but of lower P content. (This 
solution can itself effect calcification in bones with very exceptionally high second mechanism 
activity.) 

B, basal solution (Table I) containing neither Ca nor P. 

B x and B 2 , similar to B in all respects except bicarbonate content. 

In the last experiment (rat g) the bone slices in solution B x served as controls for those in 
distilled water. 

The results show that when the bone slices were kept at 37° in solution 
8:2:0 or in the basal salt solution there was a gradual decrease in the activity 
of the second mechanism, which became pronounced after 24 hours’ immersion. 
This loss of activity occurred also, though more slowly, at lower temperatures. 
In salt solutions containing no bicarbonate and in distilled water the inactiva- 
tion of the second mechanism was more rapid. 
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These adverse conditions would appear to have had little effect on the phos- 
phatase mechanism over short periods; but calcification in solution 8:3:10 
was reduced after prolonged immersion. 

These results indicate that in experiments on calcification in vitro undue 
prolongation of the period in the calcifying solutions at 37° can be of little 
advantage owing to the gradual decrease in the activity of the calcifying 
mechanisms. Practical experience has, indeed, shown that the maximum calcifi- 
cation obtainable in any given solution at 37° occurs, as a rule, within 18 hours. 
At room temperature, on the other hand, in solutions 8 : 10 : 0 and 8 : 4 : 10 
calcification has been obtained in 43 hours though absent after 19 hours. 

Effect of various vitamin and hormone preparations 
on calcification in vitro. 

Experiments were performed to discover whether vitamin I) or hormones, 
which are known to influence the growth and calcification of the skeleton in vivo , 
would have any demonstrable action on the calcification or decalcification of 
bone slices in vitro. The results of these experiments were all negative and will, 
therefore only be summarised briefly. 

Vitamin D. (1) Bone slices from a rachitic rat were moistened with 8:2:0 
solution and irradiated in quartz tubes for periods of 15, 30 and 60 minutes 
before immersion in 8 : 3 : 0 , 8 : 5 : 0 and 8 : 3 :10 solutions for 18 hours. 

(2) Bone slices from a rachitic rat were immersed for one hour in an olive 
oil solution of irradiated ergosterol (radiostol) before immersion in the calcifying 
solutions. 

(3) Bone slices were Immersed in 20 ml. of various calcifying solutions (with 
and without ester) in which 0*1, 0*2 or 0*3 ml. of radiostol was emulsified by 
shaking. A control solution containing 0*2 ml. of olive oil in emulsion was used 
in addition to the usual controls. 

(4) In other experiments calciferol was used Instead of radiostol. It was 
added to the calcifying solutions in amounts equivalent to 400-40,000 anti- 
rachitic units per 100 ml. In all the above experiments, untreated slices from 
the same rat were immersed in similar calcifying solutions (containing no 
vitamin preparation) to serve as controls. There was no indication of any effect, 
beneficial or otherwise, of irradiation or of radiostol or calciferol on calcification 
in vitro either in presence or absence of phosphoric ester. 

Parathyroid hormone. (1) Bone slices were immersed for 19 hours at 37° in 
calcifying solutions with and without ester, and containing in addition 10, 20 
and 40 units of Eli Lilly parathormone per 100 ml. No increase or inhibition 
of calcification was apparent; and it was almost impossible to determine by 
inspection of the stained slices whether there had been any resorption of the 
previously calcified shaft trabeculae during the experimental period. 

(2) Whole bones, heads of bones or half bones of normal young rats were 
each Immersed in 5 ml. of sterile basal salt solution without calcium or phos- 
phate, half the solutions containing 60 units of parathormone per 100 ml. The 
vessels containing the bones were rotated for 19 hours at 37°. The very slight 
increase in the inorganic and organic phosphate and the calcium content of the 
solutions, which occurred during the experiments, was no greater when para- 
thyroid extract was present than when it was not. There was thus no evidence 
that calcium or phosphate was brought into solution in any form. 

Pituitary extract. In two experiments no definite effect on calcification was 
observed as a result of adding standard posterior lobe extract (equivalent to 
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6*1 to 15 i.u.) to calcifying solutions with and without phosphoric ester. Short 
periods of immersion (3 to 6 hours) were chosen in order that any increase in 
permeability due to the action of the hormone might be more apparent. 

Testicular extract. Experiments similar to the above were carried out with 
testicular extract, for which we are indebted to Drs D. McClean and W. T. J. 
Morgan. No indication was obtained of more rapid calcification as a result of 
increased permeability. 

Effect on calcification in vitro of other substances present in the blood. 

The results of tw* r o experiments quoted in Table VI show that neither glycine 
nor urea in concentrations covering the normal physiological range had any 
significant effect on the activity of the second mechanism. The amounts of new 
deposit in tibia slices immersed in solutions 8:4:6 and 8:5:6 -were nearly 
the same in presence of these substances as in the controls. 


Table VI. The effect of urea and glycine on calcification in vitro. 
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Table VII. Effect of sugars and sugar alcohols 

on calcification in vitro. 
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On the other hand the results set out in Table VII show that glucose in 
concentrations of 50 or 106 mg. per 100 ml. had a very definite inhibitory effect 
on calcification in inorganic solutions. Thus in rat b calcification was less ex- 
tensive in 10 : 6 : 0 solution containing 100 mg. glucose per 100 ml. than in 
10 : 4 : 0 solution containing none. In another paper [Rosenheim, 1934, 1] it 
is shown that this inhibition is exerted also in presence of protein and is additive 
to the effect of the latter. 

It was at first thought that this inhibition might be explained by the com- 
bination of the glucose with the calcium ions; but as will be seen from Table VII 
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no such marked effect could be demonstrated with other sugars or sugar alcohols. 
Glycogen also, in concentration of 150 mg. per 100 ml., did not affect the amount 
of calcification in solution 8 : 5 : 0. 

Effect of fluor ide, iodoacetate and arsenate on calcification in vitro. 

The results given in Tables VIII and IX show that both sodium fluoride 
and sodium iodoacetate exert a most pronounced inhibitory effect on the second 
mechanism. The former in concentration as low as 0-0001 M completely pre- 
vented calcification even in solutions 8:6:0 and 8 : 6 : 10, though calcification 
still occurred hi solution 8 : 6 : 30. In still lower concentration (0-00001 iff) 

Table VIII. Effect of sodium fluoride cm the calcifying mechanisms. 

18 hours; 37°; 7*4. 

Concentration 


ofNaF 


mg. 

r 

per 100 ml. 

' 5 

P P 


Control 


0*00001 M 

0*0001 M 

"I 

Ca 

inorg. 

org. 

a 

b 

c 

a 

b 

c 

8 

5 

0 

5m 

4= 

4 = 

0 

0 

0 

8 

6 

0 




4= 

0 

0 

8 

3 

10 

8 = 

7 = 

O -EE 


0 


8 

5 

10 




7 = 


6 

8 

6 

10 





0 


8 

6 

30 


. 




8s 


The results given in columns a—c were obtained with bone slices from three different rats. 


Table IX. Effect of sodium iodoacetate on the calcifying mechanisms. 
18 hours; 37°; p H 7*4. 
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The results given in columns a-/ were obtained with bone shoes from six different rats. 


sodium fluoride prevented calcification in 8:5:0 solution although not in 
solutions 8:6:0 and 8 : 5 : 10. The inhibitory effect of sodium iodoacetate, 
although not apparent in such, great dilution, was also very marked. In a 
concentration of 0*001 M it prevented or greatly reduced the calcification in 
the inorganic solutions, while in presence of ester the amount of deposit was 
generally reduced. 

In separate experiments, summarised in Table X, it was shown that neither 
fluoride nor iodoacetate in concentrations higher than those used in the above 
experiments affected the rate of hydrolysis of ^-glycerophosphate by a prepara- 
tion of purified bone-phosphatase. 

The presence of 0*001 M sodium arsenate in the calcifying solutions 8:5:0 
and 8:3:10 had neither favourable nor inhibitory effect on calcification in vitro . 
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Table X. Hydrolysis of ^glycerophosphate by bone-phosphatase in presence 
of fl u oride and iodoacetate. 


Inorganic phosphate (mg. P) 
liberated in 1 hour at 37° and 
p R 8*6 by 1 mg. phosphatase. 


Sodium 

fluoride 

A 

Control 0*001 M 0*01 M 


0*285 0*275 0*28 


Each value is the mean of four determinations. 


Sodium 

iodoacetate 

O-OOIJ/ 0*01 IT 

0*28 0*275 


Discussion. 

Although the work described in this and the succeeding papers has not 
yielded the exact knowledge of the second mechanism which we sought, the 
results have enabled us to extend and to correct our previous information as 
to the qualities of this mechanism and its relationship to phosphatase, while 
new ideas have emerged which may usefully form a basis for further experiment. 
A brief survey may be attempted. 

The phosphatase hypothesis in its simplest form assumed that the blood is 
normally in equilibrium with the bone salt and that a condition of supersatura- 
tion, which is the theoretical requirement for precipitation of this salt, is pro- 
duced locally in hypertrophic cartilage and osteoid by the phosphatase of these 
tissues acting on phosphoric esters derived from the blood. That calcification 
could be effected in this way was made clear by experiments in vitro ; while 
further evidence of various nature emphasised the intimate connection of phos- 
phatase with bone development. 

But it was apparent that this simple scheme is not in itself sufficient. A diffi- 
culty arises from the presence of phosphatase in many tissues other than bone. 
It is true that phosphatases are required for other physiological processes as 
well as for calcification ; it is true also that the phosphatase activity of the bone 
is high and that it is highest at the period when calcification is most active; 
but the question remains, if the enzyme in these other tissues sets free inorganic 
phosphate in a fluid already saturated with the calcium salt, why is this salt 
not deposited in these tissues as it is in bone ? Certain of these tissues are liable 
to become calcified in abnormal or pathological conditions and the relation of 
this tendency to the distribution of phosphatase is being investigated [Rosenheim 
and Robison, 1934; Macfarlane et al., 1934]. We incline to believe that the effect 
of the enzyme in such cases can, at most, be supplementary to other factors. 

Another difficulty is that solutions may be considerably supersaturated with 
the bone salt and yet remain relatively stable. Unpublished experiments have 
shown that materials of different types may be immersed in such solutions for 
several days without any deposit being formed upon them. Clearly, some further 
qualities, differentiating hypertrophic cartilage and osteoid from other tissues, 
were required; and the experiments of Shipley et al. [1926], fully confirmed in 
this laboratory, proved that such qualities exist. 

In our previous paper [Robison et al., 1930] we showed how the calcifying 
power attributable to these special qualities of hypertrophic cartilage and that 
due to the phosphatase mechanism could be separately demonstrated in vitro 
under suitable experimental conditions. An empirical distinction between the 
two mechanisms was thus established but this did not exclude the possibility 
of their intimate relationship. For the present it is convenient to discuss them 
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as separate components of a dual system by which the normal process of calcifi- 
cation is effected in cartilage and bone. 

We have evidence that both mechanisms arise in hypertrophic cartilage and 
osteoid tissue and reach their highest activity with the full histological develop- 
ment of these tissues, thereafter becoming weaker as tissue degeneration pro- 
ceeds 1 [Fell and Robison, 1929; 1930; Rosenheim 1934, 2], It has been shown 
also that the power of the second mechanism varies considerably in the cartilage 
of different animals of the same species and even of the same litter and that this 
variation is connected in some way with the condition of the animal; it may 
possibly be related to its store of vitamin D, although at present the evidence 
for this is slight and indirect [Rosenheim, 1934, 2]. 

The second mechanism appears to be more sensitive than the phosphatase 
to various agents and conditions. It is greatly weakened by potassium cyanide, 
by treatment of the cartilage with various solvents or by its desiccation. It is 
not, however, entirely destroyed by these agencies, for even after such treatment 
the cartilage retains a greater tendency to become calcified in highly super- 
saturated inorganic solutions than is ever possessed by the aorta or kidney. 
The activity of the second mechanism also declines more rapidly than that of 
the phosphatase after the bones are removed from the body and the slices placed 
in the experimental salt solutions at 37°. In distilled water or in absence of 
bicarbonate the decline is still more rapid but is retarded in the salt solutions 
at lower temperatures. These facts suggest that the second mechanism is bound 
up with some labile structure of the tissue colloids but does not depend for its 
functioning on the living cell. 

Many of the experimental findings could be readily explained by attributing 
to this mechanism the properties of a trigger, its effect on the supersaturated 
tissue fluid being similar to that of a crystal of sodium sulphate on the super- 
saturated solution of this salt. Conceivably, surface forces at fibrillar interfaces 
might exert some such action, though experiments in this direction have given 
only negative results. 

Another suggestion [Robison and Soames, 1924] that the within the cartilage 

is raised above that of the surrounding medium, also lacks experimental support. 

Some of the results recorded in this paper suggest strongly that the second 
mechanism is, like the phosphatase, enzymic in nature; while none of the experi- 
mental data is inconsistent with this view. In particular the very pronounced 
inhibitory action of sodium iodoacetate and sodium fluoride recalls the effect 
of these substances on the enzymes of yeast and muscle, preventing the fermen- 
tative breakdown of phosphoric esters in the cycle of changes. 

Prior to these experiments with iodoacetate and fluoride Harris [1932] had 
drawn attention to the parallelism between the presence of phosphatase and 
the storage of glycogen in cartilage and had put forward the very interesting 
suggestion that the chemical system in the ossification process might hear some 
relation to that in yeast and muscle cells. He suggested that the “hypertrophic 
cartilage cells provide both the phosphatase enzyme and the glycogen ; the latter 
on hydrolysis yields hexosephosphoric esters which, under the action of the 
phosphatase and the calcium of the circulating body fluids, lead to the deposition 
of an insoluble phosphate of calcium in the matrix. 55 Fell and Robison [1933] 
pointed out that phosphatase is also actively secreted by the osteoblasts which, 
according to Harris, are devoid of glycogen; but they considered that these facts 
are not necessarily inconsistent with his suggestion. 


1 Other experiments bearing on this point will shortly be published by Fell and Robison. 
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It may be that the bone is not entirely dependent on the blood for its supply 
of phosphoric esters, but that these are also synthesised in the hypertrophic 
cartilage and osteoid as a stage in the building-up and breaking-down of 
glycogen. A cycle of synthesis and subsequent hydrolysis in the matrix could 
obviously serve as a mechanism for raising the level of inorganic phosphate at 
the site of calcification. Phosphatase might thus prove to be an essential com- 
ponent of the second mechanism, the whole consisting of a complex system 
analogous to that in yeast and muscle. Part of this system might be inactivated 
by such agencies as acetone or desiccation, or inhibited by potassium cyanide, 
iodoacetate or fluoride; while the phosphatase, being unaffected, could still 
function if phosphoric esters were supplied. To these suppositions a parallel 
might readily be found in the effect of various agents on the fermentative 
complex of yeast. 

It may be noted that while calcification in vitro of hypertrophic cartilage 
can be effected by agency of the phosphatase mechanism when the second 
mechanism has been inhibited or destroyed, the converse, calcification by second 
mechanism activity after destruction of phosphatase, has never been demon- 
strated. Further, it has been shown that tissues such as kidney may possess 
a high phosphatase activity without the second mechanism, but no tissue has 
been found which possesses an active second mechanism without phosphatase. 

On the whole we may say that the results of our experiments emphasise the 
possible enzymic nature of the second mechanism, and its close relationship 
with the phosphatase. They justify certain comparisons with the enzyme systems 
of yeast and muscle and thus lend support to the stimulating suggestion of 
Harris. The value of this suggestion may not necessarily depend on the proof 
that glycogen storage precedes calcification — a contention concerning which 
there appears to he some doubt. 

The analogy between the systems of hone and muscle cannot he pressed too 
far, since muscle does not contain the bone-phosphatase nor does it become 
calcified. Nor does the more general conception of the second mechanism as an 
enzyme system in any way preclude the possibility that factors of a different 
type, such as surface forces in the colloidal matrix, may also assist in pro- 
moting the deposition of calcium salts from the tissue fluids after supersaturation 
has been achieved by enzyme action. 

The experiments on the deposition in vitro of barium, strontium and mag- 
nesium salts show that the second mechanism is not entirely specific for the 
calcium salt of bone ; but they also indicate that the properties of this calcium 
salt are very specially appropriate to the function which it fulfils/ Although 
magnesium is a normal constituent of bone and teeth, the very high concen- 
tration of this element found necessary for its deposition in vitro provides 
evidence that in the body it is precipitated as part of a much less soluble com- 
plex salt in which it replaces an equivalent amount of calcium. 

The inhibitory influence of proteins and of magnesium and other ions on 
calcification may probably be explained by their effects on the ionisation of 
calcium and phosphate, though the possibility of some direct action on the 
second mechanism is not excluded. It is not so easy to account for the marked 
inhibitory action of glucose which has also been investigated by zu Horste 
[1932], The reason may perhaps be bound up with the possible relation of the 
second mechanism to carbohydrate breakdown. 

The beneficial effect of bicarbonate on calcification in inorganic solutions 
was considered in our previous paper to supply some evidence that the deposited 
bone salt is a complex carbonato-phosphate. The present experiments suggest 



CALCIFICATION IN VITRO 


697 


an additional or alternative explanation — that the presence of bicarbonate in 
the calcifying solutions favours survival of second mechanism activity. Bicar- 
bonate may serve to neutralise lactic or other acids produced by the tissue 
enzymes, thus preventing a rapid fall in the internal p H of the cartilage. Before 
accepting this explanation we must know to what extent the internal p H is 
independent of that of the external medium, since the bicarbonate-free solutions 
which failed to produce calcification did not themselves show any significant 
fall in p H , and since immersion of the bone slices in solutions of p H 54 for 
one hour was not found to affect the calcifying power of the cartilage. The 
question of the internal p H of the cartilage and osteoid matrix bears so directly 
on the problems of calcification that some method by which it could be measured 
immediately before calcification begins and without injury to the calcifying 
mechanism would be of the greatest value. 

The gradual decline in the calcifying power of the bone slices after excision, 
and particularly in the activity of the second mechanism, points to a limitation 
of this experimental method of studying calcification in vitro. To counterbalance 
the effect of this loss of power, somewhat higher concentrations of the essential 
ions than are adequate for progressive calcification in the body may be required 
for deposition in the restricted period in vitro , so that direct comparison of the 
limiting concentrations in vitro with those in vivo may be misleading. The 
method remains, however, most valuable for the comparative study of factors 
which may influence either the concentrations of these ions or the activity of 
the mechanisms. 

Summary. 

1. The nature and properties of the dual calcifying mechanism of hyper- 
trophic cartilage have been further investigated. 

2. It was shown that a- and. /3-glycerophosphates, hexosemonophosphate, 
fructosediphosphate and trelialosemonophosphate are satisfactory substrates for 
the bone-phosphatase in calcification in vitro. Diphosphoglycerate and lecithin 
were not effective. 

3. Deposits of the salts of barium, strontium and magnesium were obtained 
in the hypertrophic cartilage in vitro by the phosphatase mechanism. Deposits 
of strontium salts were also obtained from highly supersaturated inorganic 
solutions containing no phosphoric ester. The deposits were formed in the matrix 
of the hypertrophic cartilage and usually resembled those of calcium salts. The 
second mechanism Is, therefore, not entirely specific for the calcium salt of bone. 

4. Calcification occurred in presence of 0-001 M potassium cyanide in bone 
slices immersed in highly concentrated inorganic solutions when the original 
second mechanism activity of the bone was high. The inhibition of the second 
mechanism by potassium cyanide previously reported is, therefore, not complete. 

5. The two components of the calcifying mechanism could not be inactivated 
differentially by heating the bone slices at different temperatures or by soaking 
them in isotonic salt solutions at different p H levels. 

6. A gradual decline in the activity of both mechanisms occurred when the 
excised bone slices were immersed in various salt solutions at 37°. This decline 
was more rapid for the second mechanism than for the phosphatase. It was 
more rapid also in absence of bicarbonate or in distilled water, but was retarded 
at lower temperatures. 

7. Vitamin D or hormone preparations known to influence the growth and 
calcification of the skeleton in vivo had no demonstrable action on the calcifica- 
tion or decalcification of bone slices in vitro. 
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8. Glucose in concentrations of 50-100 mg. per 100 ml. had a very definite 
inhibitory effect on calcification in vitro in inorganic solutions, but no such effect 
could be demonstrated for fructose, sucrose,, dulcitol or erythritol. Glycine and 
urea, also, in concentrations covering the normal physiological range were 
without significant effect on the activity of the second mechanism. 

9. Sodium fluoride in concentrations as low as 0*00001 M and sodium 
iodoacetate in concentration of 0*0001 if exerted a pronounced inhibitory effect 
on the second mechanism, but not on the phosphatase. 

10. The nature of the dual calcifying mechanism is discussed in the light 
of these and other experimental results. 
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DESCRIPTION OF FIGURES IN PLATE I. 


Figs. 1 to 4. Deposits of magnesium and strontium salts in the hypertrophic cartilage zone 
stained with silver nitrate. 

Figs. 5 and 6. Crystalline deposit of barium salt unstained. 

X = deposit of Mg, Sr or Ba salt formed in vitro. 

Fig. 1. Microtome section of a tibia slice after immersion for 17 hours in solution 0-1 M Mg : 10 : 60 
containing high concentrations of magnesium and phosphoric ester. Note the extensive 
deposit of magnesium salt in the matrix of the previously uncalcified hypertrophic cartilage 
zone. Magnification x20. 

Fig. 2. Tibia slice after immersion for 19 hours in the inorganic solution 0-01 M Sr : 12 : 0. Note 
the dense deposit of strontium salt formed in the hypertrophic cartilage zone in absence of 
phosphoric ester. Magnification x 8. 

Fig. 3. Microtome section of part of a tibia slice after 19 hours in the solution 0*005 M Sr : 8 : 30, 
containing phosphoric ester. Magnification x 25. 

Fig. 4. Deposit of strontium salt formed in 19 hours in solution 0-0051/ Sr : 0 : 30. The ap- 
pearance of the deposit in the matrix of the hypertrophic cartilage cells closely resembles 
that of a normal deposit of calcium salt. Magnification x 160. 

Fig. 5. Barium salt deposited in crystalline form in the hypertrophic cartilage zone of the tibia 
of a rachitic rat immersed for 19 hours in solution 0-0051/ Ba : 5 : 30. Magnification x 25. 

Fig. 6. The same crystals photographed by polarised light between crossed Nicols. Magnifi- 
cation x 50. 













XCVI. THE EFFECT OF SERUM-PROTEINS 
ON CALCIFICATION IN VITRO. 


By ADELE HELEN ROSENHEIM 1 . 

From the Biochemical Department , The Lister Institute , London. 

(. Received February 27th, 1934.) 

The inhibitory effect of egg-albumin on the calcification of bone slices in organic 
salt solutions was noted by Shipley et al. [1926]. The concentrations of calcium 
and inorganic phosphate in the solutions used by these workers were approxi- 
mately those found in normal serum; but as was pointed out by Robison [1926], 
this apparent similarity is misleading owing to the absence of the other con- 
stituents of plasma, particularly the proteins, which are present in a concen- 
tration of 7 % and greatly reduce the ionisation of calcium. In Shipley’s 
solutions as little as 2 % egg-albumin was sufficient to inhibit calcification. To 
bring about deposition of the bone salt from plasma, therefore, some mechanism 
for increasing the concentration of calcium or phosphate ions would be required, 
and such a mechanism is furnished by the bone-phosphatase. 

The experiments described in this paper were planned to study the effect of 
serum -proteins on the calcification of hypertrophic cartilage in vitro, both in 
inorganic solutions and in those containing phosphoric ester. 


Experimental. 

The method of experiment was similar to that described by Robison et al. 
[1930]. Slices from the heads of the long bones of rachitic rats were immersed 
for periods of 16 to 20 hours in the sterile experimental solutions at 37° and 
Pn 7-4. They were then fixed, stained with silver nitrate and cleared in cedar- 
wood oil. The amount of new calcification in the zone of hypertrophic cartilage 
was judged by examination under low magnification and is shown in the tables 
by a figure (maximum 10) representing the extent of the deposit, and bars 
(maximum 5) indicating the density, thus 6 — . Except where otherwise stated 
each experiment was carried out with bone slices from the same rachitic rat. 

Only those modifications in the technique necessitated by addition of protein 
will be described in greater detail. 

Serum-proteins were obtained from normal horse serum by saturation with 
ammonium sulphate, followed by solution of the precipitate and reprecipitation. 
The ammonium sulphate precipitate was dialysed in cellophane sacs against hot 
tap water, distilled water and finally 0*8 % NaCl, and the stock protein solution 
thus obtained was filtered through Seitz filters and stored at 0° in a sterile 
bottle fitted with a syphon for withdrawal of samples. The protein content of 

1 Grocers’ Company Research Student. The work described in this paper formed part of a 
thesis approved for the degree of Ph.D. in the University of London. 
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the solution was estimated by Ivjeldakl nitrogen determinations and also by 
refractometer 1 . 

The stock protein solution used for most of the experiments quoted contained 
0*76 g. 1ST per 100 ml. (== 11 % protein), and further, 0*8 g. NaCl, 9*55 mg. Ca, 
0*53 mg. Mg and 0*1 mg. P per 100 ml. This was diluted as required with a basal 
salt solution of such concentration that the final salt contents of the calcifying 
solutions containing protein and of the protein-free solutions should be the same. 

Protein-salt solutions containing the requisite amounts of calcium and inor- 
ganic and organic phosphate, and made up in slightly more concentrated form 
than finally required, were sterilised by filtration through a Seitz filter into a 
pyrex flask 2 . 

From the sterile protein- salt solutions the final solutions were prepared in 
20 ml. flasks by addition of water, glucose or other constituents as required. 
The p H of these solutions was adjusted to 7*35-7*4. Measurements were made 
with a capillator with correction for protein error and were checked by occa- 
sional electrometric measurement. 

The sterility of the solution in each flask was tested at the end of the experi- 
mental period by incubating a drop on an agar slope. Experiments in which 
there was serious contamination with consequent fall in p H were rejected. 


The inhibitory effect on calcification in vitro of protein 
in various concentrations. 

In the experiment quoted in Table I, hone slices from the same rat were 
immersed in solutions containing 0, 1*5 and 3 % serum -proteins at various 


Table I. Effect of serum-proteins on calcification in vitro. 


r~ 

Ca 

10 

10 

10 

10 


16 hours; £ 

mg. per 100 ml. 

A 

P P 

inorg. org. 

4 0 

6 0 

4 3 

4 10 . 

All the bone slices were f 


Pll 7' 

•4. 

Protein g. per 100 ml. 

0 

1*5 


Calcification in vitro 

6== 

2 = 


6™ 

8=§ 

8=1 


8 =§ 


the same rachitic rat. 


“A 

3 

0 

7 



levels of calcium, inorganic and organic phosphate. In absence of protein there 
was good calcification in the inorganic solution; 10:4:0 3 but calcification in 

1 For assistance in preparing these solutions, and for the refractometer measurements I am 
indebted to Dr W. T. J. Morgan. 

2 Estimations of calcium and magnesium were at first made on the non-sterile solutions before 
filtration, but later it was found that appreciable amounts of Mg and Ca were being extracted 
from the Seitz asbestos pads. In this way the concentrations of Mg and Ca were being raised 
by as much as 0-7 mg. Mg and 1 to 1*5 mg. Ca per 100 ml. 

Tests showed (a) that silica was not extracted simultaneously, and ( b ) that all the soluble 
Mg and Ca could be extracted by first passing through the pads 50 ml. of a solution similar to 
the basal salt solution but free from Ca and Mg. This modification of the technique described 
above was adopted in all further experiments, although the certainty of sterilisation by filtration 
was thereby somewhat lessened. Only a few of the early experiments in which the Ca and Mg 
concentrations were raised by filtration have been quoted, and these are marked with an asterisk. 

3 The experimental solutions are referred to in this way throughout the text. Thus, solution 
10 : 4 : 3 contains 10 mg. Ca, 4 mg. P as inorganic phosphate and 3 mg. P as phosphoric ester 
per 100 ml. 
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this solution was partially inhibited by 3 % protein. In solution 10 : 6 : 0 and 
in the cstei solution 10 1 1 " 10 calcification still occurred even in presence of 
3 % protein. 


Table II. Effect of serum-proteins on calcification in vitro. 


mg. per 100 ml. 

r P P 

Ca inorg. org. 

10 3 O 

10 4 O 

10 5 O 

10 6 O 

10 7 0 

10 8 O 


17 hours; 37°; p B 7-4. 


Hat 

Protein 
g./lOO ml. 



1 = 


o — 






The concentration of protein was raised to 7 % in the experiments quoted 
in Table II. Considering first the ester-free solutions, it will be seen that the 
lowest level of Ca x P at which calcification regularly took place was 10 x 6 in 
presence of protein as compared with 10 x 3 in absence of protein. In one ex- 
periment only, out of a large number, was calcification obtained at the lower 
level 10x5 in protein solution (rat c). Where the calcifying power of the bones 
was low, as in rat d, a level as high as 10 x 8 was necessary in the protein solutions 
before calcification occurred. 


The inhibitory effect of glucose on calcification in protein-salt solutions. 

It is shown elsewhere that glucose has an inhibitory effect on calcification 
in vitro in protein-free solutions [Robison and Rosenheim, 1934]. From the 
results given in Table III it will be seen that this inhibitory effect was equally 
marked in 7 % protein solution. Inhibition due to 0-01 % glucose w T as not 
demonstrable, but in presence of 0*03 % there was total inhibition of calcifica- 
tion in solution 10:7 : 0 and partial inhibition in solution 10 : 9 : 0. In presence 
of 0*05 or 0*1 % glucose calcification was only twice obtained at a level lower 
than 11 x 10 in a total of 11 experiments, but no obvious progressive inhibition 
of calcification was observed with concentrations of glucose greater than 0*1 % . 

Table III. Effect of glucose on calcification in vitro in presence of protein. 

Protein 7 g./ 100 ml.; 18 hours; 37°; p B 7-4, 
mg. per 100 ml. 

f * ^ Glucose mg. per 100 ml. 




p 

P 

f 



A 



>, 

Exp. 

Ca 

inorg. 

org. 

0 

10 

30 

50 

75 

100 

150 

34 

10 

6 

0 

4 = 

. 




0 



10 

7 

0 

5™ 





1 = 


30 

10 

8 

0 

2 = 

« 




0 



10 

10 

0 


• 


. 


0 


17* 

10 

7 

0 

4 — 

4 = 

0 

0 


0 



10 

9 

0 

7 == 

7 = 

3 = 

0 


0 


15* 

11 

9 

0 

7~ 

# 


0 


0 



11 

10 

0 

9== 



4 = 


5~ 


23* 

11 

10 

0 

9H 



5 = 

3=e 

2 ™ 

2 — 


10 

12 

0 

9 m 



. 

a — 

3 = 

6 — 
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The inhibitory effect of magnesium on calcification 
in protein-salt solutions. 

It has been shown [Shipley and Holt, 1927; Kramer et al 1927 ; Robison 
et al . , 1930] that magnesium exerts a definitely inhibitory effect on calcification 
in inorganic solutions, so that to obtain a given amount of deposit progressively 
higher levels of the Ca x P product are needed as the magnesium concentration 
is increased. The two experiments given in Table IV show that the same effect 
is exerted also in presence of glucose and protein. 

Table IV. Effect of magnesium on calcification in vitro in presence 
of protein and glucose. 


"Protein 7 g./lOO ml; glucose 100 mg./lOO ml.; 17 hours; 37°; p H 7*4. 




Rat a 





Rat b 


/ 

ing. 

per 100 ml. 

mg. 

Mg per 

mg. per 100 ml. 

mg. Mg per 




inn m i 




100 ml. 








P 


P 

P 

( 

^ 


P 

f A 

Ca 

inorg. 

org. 

1*1 

3*2 

Ca 

inorg. 

org. 

2*6 4*1 

11 

7 

0 

2 = 

0 

10 

6 

0 

0 

11 

8 

0 

1 = 

0 

10 

7 

0 

2 = 

11 

9 

0 

1 = 

0 

10 

8 

0 

3- 0 

11 

10 

0 

4== 

2 = 

10 

9 

0 

6= 3 = 

11 

12 

0 

7 m 

6=e 

10 

10 

0 

5 — 






10 

12 

0 

8 = 


It will be seen that with a low magnesium concentration of T1 mg. per 
100 ml. calcification was obtained in bone slices from rat a at the Ca x P level 
11x7, in presence of 7 % x>rotein and 0*1 % glucose. When the magnesium 
concentration was increased to 3*2 mg. per 100 ml. no calcification was obtained 
at a level lower than 11 x 10. 

In bone shoes from rat b calcification was obtained in presence of 7 % 
protein, 0*1 % glucose and 2*6 mg. Mg per 100 ml. at the exceptionally low 
CaxP level of 10x7 and in presence of 4*1 mg. Mg, at the level 10x9. The 
inhibition due to increased magnesium concentration is here still apparent, 
although the bones used for this experiment showed a definitely higher calcifying 
potentiality than usual, thus further illustrating that variability discussed 
elsewhere [Rosenheim, 1934]. 


The beneficial effect of phosphoric ester on calcification in 
protein-salt solutions: 

The effect of sodium glycerophosphate on calcification in presence of 7 % 
protein was next investigated. Results obtained in glucose-free solutions are 
given in Table V. They show that there was no calcification at levels lower 
than 12 x 6 in absence of ester, whereas in presence of glycerophosphate equi- 
valent to 3 mg. P per 100 ml. calcification occurred at the level 12 x 4. In 
solution 12 : 4 : 10 calcification was more extensive and denser than in solution 
12:7:0. 

The results given in Table VI show that the beneficial effect of phosphoric 
ester was equally marked in solutions containing 0*1 % glucose. 
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Table Vf. Effect of phosphoric ester on calcification in vitro 
in presence of protein. 

Protein 7 g./lOO ml.; 17 hours; 37°; _p H 7-45. 


Glycerophosphoric ester 
mg. per 100 ml. mg. organic P per 100 ml. 


Exp. 

Ca 

P inorg. 

' 0 

3 

zo ' 

5* 

12 

4 

0 

0 

6 = 


12 

6 

2 — 

. 


7* 

12 

4 


■4 = 

9 = 


12 

5 

6 

5 = 

7== 


12 

6 

3 = 




12 

7 

6 = 




t It will be noted that the slightly increased Ca and Mg concentrations in the solutions used 
for the experiments quoted in this and the following table (see footnote 2, p. 700) do not in any 
way affect the conclusions drawn, as the results in each experiment are on a strictly comparable 
basis. 


Table VI. Effect of phosphoric ester on calcification in vitro 
in presence of protein and glucose. 


Protein 7 g./lOO ml.; glucose 100 mg./lOO ml.; 37°; $> H 7*4. 


mg. per 
100 ml. 



Time 


p 

f 

Exp. 

(hours) 

Ca 

inorg. 

0 

8* 

17 

12 

4 




12 

5 

6 



12 

6 

0 



12 

7 

2 = 

9* 

17 

12 

5 




12 

6 

0 

11* 

17 

12 

6 

0 



12 

7 

0 



12 

8 

0 

12* 

10 

12 

8 

0 



12 

9 

4 — 

14* 

17 

10 

8 

0 



10 

9 

0 



10 

10 

5 — 


Calcification in vitro in 


Glycerophosphoric ester 
mg. organic P per 100 m3, 


0*5 1 

3 

10 


0 

3 = 

! 6 

0 



0 

7 = 

0 0 

0 

7 =§ 


3 = 

5 = 

6 

2 = 

6 = 

i = 

4 m 


3- 

4 = 

8 = 

4= 7- 

7 = 

8- 

0 

5 = 


0 

6 = 


6 = 

7 = 


serum of various species . 



Having obtained the above data with regard to calcification in ■ vitro in 
artificial protein-salt solutions, a further series of experiments was carried out 
with the sera of normal animals. 

It was essential to obtain the blood without the use of anaesthetics, at the 
same time avoiding any condition involving fright or surgical shock, all of which 
may lead to a rapid increase in the inorganic phosphate of the serum. It was 
equally important to avoid haemolysis even in slight degree, since this would 
liberate appreciable amounts of phosphoric ester from the red blood corpuscles. 

Serum was obtained from adult rabbits by bleeding from the ear vein and 
from young rabbits and rats by heart puncture, precautions being taken to 
maintain sterility. Some difficulty was encountered in obtaining sufficient sterile 
serum from young rats for the calcification experiment and for the necessary 
analyses. 


45—2 
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The serum was separated from the corpuscles as rapidly as possible to avoid 
the alteration in inorganic phosphate content which may occur when whole 
blood stands at room temperature [Martland and Robison, 1926]. The serum 
was then measured into small sterile tubes, and when required, inorganic phos- 
phate was added in the most concentrated form possible, the dilution of the 
serum not usually exceeding 05 %. The p K was adjusted to 7-4 with sterile 
alveolar air or C0 2 . In all the experiments quoted, control slices from the 
same animal were immersed for the same length of time in solution 8:4:0 
or 8:5:0 and good calcification was invariably obtained even when the 
• volume of solution was reduced to 2 ml. In small volumes of serum the 
tended to fall slightly during the experimental period. 

In Table VII are shown the results of experiments on the calcification of 
bone shoes of rachitic rats in the serum of normal rats. They are arranged in 
order of increasing CaxP product of the serum. Results (l)-(4) in any one 
experiment were obtained with bone slices from the same animal. The negative 
result obtained with the serum of one rachitic rat (i?), in which the Ca x P 
product was only 28, is included in this table. 

The lowest level of the Ca x P product at which there was calcification 
without addition of extra phosphate was 87 (Exp. 15 (1) and (2)). No calcifi- 
cation occurred in 17 hours in a normal serum of Ca x P level 57 (Exp. 13 (1)), 
but in samples of the same serum to which inorganic phosphate was added to 
bring up the levels to 68 and 80 respectively there was slight calcification. 


Table VII. Calcification in vitro in rat serum . 


Exp. 

Vol. of 
serum 
ml. 

Time 

(hours) 

Ca 

jKI6 

2-5 

17 

10-3 

13(1) 

(9\ 

2-0 

17 

9*1 

\ z ) 

(3) 

99 



15 (1) 

99 

16 

9*9 

(2) 

9 , 

40 


10 

2-5 

17 

9*5 

9 

3-0 

16 

11*2 

1 

2-0 

18 

12*1 

F6 

2-0 

17 

10*9 


JR —Rachitic young rat. 


mg. per 100 ml. 


Inorganic P 


f 

IAU JL 




Calcifi- 

Serum 

Added 

Ca x P 

cation 

2*7 


28 

0 

6*3 


57 

0 


1*2 

68 

<1- 

9 9 

2-5 

80 

3 = 

8*8 


87 

3 = 

- » 



3 = 

9*6 


91 

8 = 

8-2 


92 

6 — 

8*6 


104 

8 H 

11*7 


129 

7 = 


Y —Normal young rat. 


Experiments on the calcification of rat bones in rabbit serum are sum- 
marised in Table VIII. The serum- calcium of rabbits is higher than that of 
rats and subject to considerable fluctuations [Culhane, 1927; Kapsinow and 
Underhill, 1929] but in the samples used the product Ca x P was generally 
lower than in rat’s serum. A Ca x P level higher than 77 could not be reached 
without addition of inorganic phosphate, and calcification was not obtained in 
adult rabbit’s serum without such addition, the lowest level for calcification 
being 87 , artificially produced. The inorganic phosphate in the serum of young 
rabbits is, however, slightly higher than in that of the full-grown animals, and 
in one such serum with a Ca x P product of 109, slight calcification occurred in 
41 hours. 
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Table VIII. Calcification in vitro in rabbit serum. 


mg. per 100 ml. 


Exp. 

Vo 1. of 
serum 
ml. 

Time 

(hours) 

Ca 

*'1 

Inorganic P 

A 

1 \ 
Serum Added 

Ca x P 

Calcifi- 

cation 

3(1) 

5 

40 

15-8 

3*0 


47 

0 

11(1) 

2 

17 

17*5 

2*84 


50 

0 

(2) 

99 

99 

„ 

99 


99 

0 

8(1) 

l 

18 

14-4 

3-8 


55 

0 

(2) 

2 

99 

14-0 

4-0 


56 

0 

2(1) 

0 

40 

14-0 

4-0 


56 

0 

(2) 

99 

99 

99 

„ 

1*0 

70 

0 

KD 

6 

16 

15-0 

5*12 


77 

0 

(2) 


40 

99 

99 


99 

0 

3(2) 

5 

19 

15-8 

3-0 

2*5 

87 

1- 

2(3) 

9) 

40 

14-0 

4-0 

2*3 

88 

2 = 

8(3) 

2 

18 

14-0 

4-0 

2*3 

99 

3 = 

11(3) 

99 

17 

17*5 

GO 

2*5 

93 

5 = 

(4) 

99 

99 

„ 

99 

3*5 

110 

5 = 

3(3) 

5 

19 

15-8 

3*0 

2*5 

130 

8 = 

(4) 

99 

99 

99 

99 

8*0 

174 

10 = 

F4(l) 

2 

23 

12-o 

8-6 


108 

0 

(2) 

5 

>9 

99 



99 

0 

Y 5(1) 

99 

41 

13-0 

8*4 


109 

1- 

(2) 

99 

99 

„ 


1*8 

134 

4 = 


Y= Young rabbit. 


Although samples of rat serum containing 10 mg. Ca and 9 mg. P per 100 nil, 
and rabbit serum containing 15 mg. Ca and 6 mg. P per 100 ml. have the same 
Ca x P product of 90 there is no suggestion that the same percentage of calcium 
is ionised in the serum of these two species or that their calcifying power is the 
same. The assumption that the calcifying power is directly proportional to the 
simple product Ca x P is theoretically unjustifiable, so that clearly only a limited 
significance can be attached to a comparison of solutions and sera on this basis. 

The fact that calcification in rat serum is not markedly better than in rabbit 
serum, and only slightly better than in artificial 7 % horse serum-protein solu- 
tion, disposes of the objection that in some experiments failure to use homologous 
serum, or rat serum -proteins, might be affecting the results. 


Table IX. Calcification in vitro in human serum. 

mg. per 100 ml. 




VoL of 



Inorganic P 





serum 

Time 


( J 

^ ^ 


Calcifi- 

Exp. 

Serum 

ml. 

(hours) 

Ca 

Serum 

Added 

Ca x P 

cation 

12 

Adult 

1 

17 

9*6 

3*9 


37 

0 



2 





99 

0 



99 

H 

99 

99 

XT 

48 

0 



91 

99 

99 

,, 

2*3 

59 

5 — 



99 

99 


99 

3*4 

69 

5 = 





99 

99 

4*6 

81 

5i 

14 

Child 

2 

18 

10*8 

5*3 


57 

0 


10 years 





0*9 

66 

I - 



99 

99 

99 

99 

1*8 

76 

3 = 


Child 

99 

99 

10*1 

6*3 

, 

64 

1 = 


4 years 
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The results of experiments with the serum of human adults and children 
are given in Table IX. The levels adequate for calcification were lower than in 
rat and rabbit serum. Definite calcification occurred when inorganic phosphate 
was added to raise the Oa x P levels from 37 to 59 and from. 57 to 66 respectively. 

Calcification occurred without added phosphate in serum from a child of 
4 years, the Cax P product being 64 h 

In general it will be seen that the higher the Ca x P product of the solution 
bathing the bone slices, the denser and more extensive was the new deposit 
obtained. 

Discussion. 

It is known that a considerable proportion of the total calcium of blood is 
present in non -diffusible form and is probably largely combined with the plasma- 
proteins. The consequent reduction in the concentration of calcium ions must 
profoundly affect the calcifying power of the plasma, a conclusion which is 
fully borne out by the results of the experiments described in this paper. The 
addition of serum-proteins to the inorganic calcifying solutions rendered very 
much higher levels of the product Ca x P necessary, in order that calcification 
of the bone slices should take place in vitro. 

Since calcification in the body may take place more slowly and under more 
favourable conditions than in these experiments it may reasonably be expected 
that somewhat lower levels of the product Ca x P than those here required may 
suffice for calcification in vivo. These experiments, therefore, do not give precise 
information as to the lowest value of this product which would he effective in 
the body. They show that under the experimental conditions the sera of very 
young animals, and sometimes also of older animals, may bring about calcifi- 
cation within 20 hours in the hypertrophic cartilage of rachitic rats, hut that 
with many sera it is necessary to increase the phosphate concentration artificially 
in order that this result may follow. 

Still higher levels of the product Ca x P were required with artificial solutions 
similar to plasma in their content of inorganic salts, protein and glucose, but 
here, as in all previous experiments, the necessary Ca x P level was notably 
reduced if phosphoric ester was added. 

The better results obtained with natural as compared with artificial sera 
may well have been due to the small amount of phosphoric ester present in the 
former ; but other constituents of serum not included in the artificial solutions 
may also have influenced the results. 

Summary. 

1. The effect of serum -proteins in different concentrations on the calcifica- 
tion in vitro of hypertrophic cartilage has been investigated. 

2. In presence of horse serum-proteins in 7 % concentration the lowest 
Ca x P level at which calcification regularly took place in solutions containing 
no phosphoric ester was 10 x 6 as compared with 10x3 in absence of protein. 

3. The inhibitory effect of glucose on calcification observed in non-protein 
solutions was apparent also in presence of 7 % protein and was additional to 
the effect of the latter, so that in salt solutions containing 0-1 % glucose and 
I % protein calcification was not usually obtained at a level lower than 11 x 10. 

4. The inhibitory effect of magnesium on calcification previously observed 
in non-protein solutions was apparent also in presence of protein. 

1 Shipley et al [1926] have stated that they obtained calcification in bone slices immersed 
in children’s serum of Ca x P product 50 to 54. 
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5. In presence of glvceropliosphoric ester calcification in protein-salt solu- 
tions took place at lower levels of the Ca x P product than in its absence. Thus 
in bone slices from the same rat calcification was obtained in solution 12 : 4 : 3, 
but not in solution 12 : 6 : 0. 

6. Calcification in vitro was obtained in the serum of adult rats and rabbits 
at a Ca x P level of 80-90, and in human serum at a level of about 60. In the 
serum as drawn with precautions to avoid alteration in inorganic phosphate 
concentration the requisite level of the Ca x P product was rarely reached, so 
that the addition of inorganic phosphate was necessary in order that calcifica- 
tion should take place under the experimental conditions. 

It is a pleasure to acknowledge my indebtedness to Prof. R. Robison and 
to thank him for his help and encouragement throughout the course of this work. 
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XCVII. VARIABILITY IN THE ACTIVITY OF THE 
CALCIFYING MECHANISM IN THE BONES 
OF RACHITIC RATS. 

By ADELE HELEN ROSENHEIM 1 . 

From the Biochemical Department 9 The Lister Institute , London. 

(Deceived February 26th , 1934.) 

It was noted by Robison et al. [1930] that the calcifying power attributed to 
the second mechanism in the hypertrophic cartilage varied considerably in 
different rachitic rats, even in those of the same age and litter. The variation 
was manifested by differences in the minimum level of the CaxP product 
required for calcification in vitro in inorganic solutions and also in the extent of 
the deposit obtained at higher levels. 

Experiments bearing on the relation of such variation to the rate of growth 
and the condition of the rachitic animals are presented in this paper. 

For the first group of experiments litters were selected in which the rats 
showed unusually varied growth over a 3 to 4- week period on McCollum 3143 
diet, and the possible connection of this variation in growth rate with the 
calcifying power of the cartilage was investigated. The litter-mates were killed 
on the same day, and tibia slices from each rat were immersed in 20 ml. of the 
specified calcifying solutions, one slice per flask. The flasks containing the slices 
were kept at 37° for 20 hours and rotated continuously. The p H in all the flasks 
remained constant $t 7*4 throughout each experiment. 

The growth curves of the rats are given in Fig. 1 and a summary of the 
experiments in Table I. In the marks assigned to the calcification the figures, 
with maximum 10, show 7 the approximate extent of the new deposits, and the 
bars, with maximum 5, indicate the density. The depth of the uncalcified zone 
in the control slices varied widely, and the figures show 7 the proportion of this 
zone which became calcified and not the absolute amount of deposit. 

The results show that the second mechanism activity developed in the hyper- 
trophic cartilage for the most part varied directly with the amount of growth 
of the rat during the period on rachitogenic diet/ 

The figures given for the inorganic solutions (Exps. 1-5) show'' the variation in 
the amount of calcification due to the second calcifying mechanism alone. Those 
given for the ester solutions (Exp. 2) illustrate in an equally striking manner 
the variation in the calcification produced by the combined mechanisms under 
conditions which probably approached more closely to those existing in vivo. 

In inorganic solution calcification at the low level 2 8:2:0 was obtained in 
the case of two of the rats showing the most growth over the period on diet, 
while in the solutions 8:3:0 and 8:4:0 calcification w r as more general but 

1 Grocers’ Company Research Student. The work described in this paper formed part of a 
thesis approved for the degree of Ph.D, in the University of London. 

2 The experimental solutions are referred to in this way throughout the text. Thus solution 
8:5:3 contains 8 mg. Ca, 5 mg. P as inorganic phosphate and 3 mg. P as organic phosphate 
per 100 ml. basal salt solution. 
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decreased in amount with decreasing rate of growth. In solution 8:5:0 
differences were less pronounced. 





1 






Table I. 
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All the litters were 21 days old when placed on 

the rachitogenic diet. 





The relation of calcification to growth rate is not apparent in the case of 
Litter 2675, Exp. 5. It may be noted that these rats were exceptionally well 
grown at the beginning of the dietary period. 

As regularly observed in previous experiments, the amount of new calcifi- 
cation in the slices from any one rat showed a marked gradation in passing 
from lower to higher levels of the Ca x P product. The use of such material, 
that is bone slices taken from the same animal, for observing the effect of 
various factors on the calcifying mechanisms is thus justified. 

The favourable effect on calcification of phosphoric ester even in low con- 
centration is again emphasised by the results of Exp. 2. 

In another series of experiments quoted in Table II, three or four rats 
selected from different litters were killed on the same day after different periods 
of 1 to 6 weeks on McCollum 3143 diet. 


b 



710 



A. H. ROSENHEIM 








Table II. 










Inorganic 



. Ester 






solutions 



solutions 




Days 

(Ca 8 

8 

8 

8 

8 

8 

8 



on 

foo d Pinol 'g- 3 

4 

5 

6 

3 

4 

3 

Exp. 

Rat 

diet 

100 mL iPorg. 0 

0 

0 

0 

3 

3 

10 

I 

1$ 

7 


10 = 





ion 


2$ 

10 ’ 


10 s 





10 m 


3? 

28 . 


<1- 





7 m 


4 $ 

37 


1 = 





2 SH 

2 

id 

7 


10 = 

10 s 

10 s 

10 = 

10 = 



2$ 

17 


2 = 

3i 

3i 

4s 

5s 



3$ 

30 


0 

<1 = 

<1 = 

4 = 

o 5= 


3 

id 

15 


3 a= 

6 = 


5 EE 


10 m 


2d' 

17 


2 = 

6 = 


6 m 


8 m 


3d 

28 


<i~ 

<1 = 


6 = 


6m 


4 $ 

40 


<1 = 

<1=E 


4~ 


4=5 

4 

id 

28 

2 = 

7 ~ 

8=5 




10 ^ 


2d 

42 

<1- 

3 = 

7s 




8s 


3$ 

56 

<1- 

<1 - 

6 = 




7 n 


The results show that the calcifying power of the cartilage decreases with 
increasing periods on a rachitogenic diet. 

The position of the deposit in these bone slices is a point of considerable 
interest. In the bones of the young rats which had been less than 2 weeks on 
the diet (Exp. 1, rats 1 and 2; Exp. 2, rat 1) the whole of the narrow zone of 
hypertrophic cartilage was apparently in the optimum condition for calcifica- 
tion. Deposition in vitro extended from the u line 5 ’ to the shaft, and the slices 
calcified in vitro resembled bone slices from normal animals of the same age 
(Plate II, Figs. 2 and 3). In bone slices from the rats which had grown well for 
3-4 weeks on a rachitogenic diet, deposition in vitro had the appearance familiar 
in the 4 4 line test,” that of a band of calcification separated from the diaphysis 
by a zone of disorganised and less readily calcifiable tissue. 

This band of cartilage calcifiable in inorganic solution became narrower as 
the period on diet increased, until after 4 weeks or more there were large areas 
of uneroded hypertrophic cartilage which did not become calcified, even in 
solution 8:6:0. 

It would seem that the calcifying power of the second mechanism is greatest 
where the cells have just attained full hypertrophy, decreasing after this stage 
has been passed. A similar conclusion was reached by Niven and Robison in 
experiments with the cartilage of embryonic rabbit femora [quoted by Robison, 
1932]. The same general statement may also be made for the combined calci- 
fying power of the phosphatase and second mechanisms, although the area of 
cartilage calcified in vitro was invariably more extensive in presence of ester 
than in the corresponding inorganic solutions. 

The formation of a calcified line in healing rickets is probably due to the 
maximum calcifying power of the dual mechanism in this region. 

The validity of the argument based on the results shown in Tables I and II 
may be criticised on the grounds that the observed variations in calcifying 
pow r er do not in every case run parallel either with the growth rate or with the 
length of time on the rachitogenic diet. These results do, however, furnish strong 
evidence that the calcifying power of the cartilage in a rachitic rat varies with 
the condition of the animal; and this conclusion is supported by the general 
results of experiments carried out in this laboratory over many years. 
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Whether this variation is connected with deficiency in some specific factor, 
and whether it is due to the same cause as the variation in the growth rate, 
cannot at present he decided. The experimental diet (McCollum 3143) was 
notably deficient in two nutritional requirements, inorganic phosphate and 
vitamin D. Coward et ah [1932] state that “the reserves of vitamin D in the 
young rat vary in different individuals and in different litters/ 5 basing their 
conclusion on the variation in the growth of these animals on a vitamin B- 
deficient, but otherwise adequate, basal diet. The results of the experiments 
described in this paper are not inconsistent with the view that the observed 
variations in the calcifying power of the cartilage may, like those in the growth 
rate, be a result of differences in the vitamin reserves of the animals. Although 
it is held on good grounds that changes in the composition of the blood are 
primarily responsible for the deficient calcification in rickets, it is difficult to 
avoid the conclusion that changes in the calcifying power of the cartilage may 
also play a part in the story. 

Summary. 

The calcifying power of the cartilage in the bones of rachitic rats varies 
with the rate of growth of the animals over a 3 to 4- week period on a rachito- 
genic diet and decreases as the period on diet is increased. 

I should like to thank Prof. R. Robison for much help and valuable criticism. 
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DESCRIPTION OF FIGURES IN PLATE II. 

Tibia slices stained by v. Kossa’s silver nitrate method. 

Jl = calcification in vitro in the hypertrophic cartilage zone. 
h,c. = hypertrophic cartilage, 
s. c . c. = small-celled cartilage. 

Figs. 1-3. Table II, Exp. 1, Rat 2. 10 days on a raehitogenic diet. 

Figs. 4-6. Table II, Exp. 1, Rat 3. 28 days on a raehitogenic diet. 

Fig. 1. Control slice. Note the narrow zone of uncalcified hypertrophic cartilage. 

Fig. 2. Slice after immersion for 20 hours in the inorganic solution 8 : 4 : 0 at 37° and 7*4. 

Fig. 3. Slice after immersion for 20 hours in the ester solution 8 : 3 : 10. Note the dense band 
of new calcification extending to the diaphysis in this slice and in that shown in Fig. 2. 

Fig. 4. Control slice. Note the breadth of the uncalcified zone. 

Fig. 5. Tibia slice after 20 hours in solution 8:4:0. The very small amount of new calcification 
(<1) obtained in vitro indicates the decreased calcifying power of the hypertrophic 
cartilage. Note the position of the deposit on the “line.” . 

Fig. 6. Tibia slice from the same rat as (5) after 20 hours in solution 8:3: 10. Calcification is 
denser and more extensive than in absence of phosphoric ester. 



XCVIIL THE CALCIFICATION IN VITRO OF 
KIDNEY, LUNG AND AORTA. 

By ABfiLE HELEN ROSENHEIM 1 and ROBERT ROBISON. 

From the Biochemical Department , The Lister Institute , London. 

(. Received March 6th , 1934.) 

Although calcification in the animal body is normally confined to hypertrophic 
cartilage and, osteoid, in certain abnormal or pathological conditions deposits 
of calcium salts may also be formed hi other tissues, among which are the 
kidney, the lung and the arteries. Some of these conditions, for example Ixyper- 
vitaminosis D, are associated with exceptionally high concentrations of blood- 
calcium or phosphate, suggesting that the plasma has become by some agency 
supersaturated with calcium salts. In others degenerative changes in the tissues 
themselves precede, and may possibly be the primary cause of, calcification. 

Without attempting to reproduce in vitro all the abnormal conditions con- 
cerned it seemed of importance to discover whether the calcification of such 
tissues could be induced in our experimental solutions, and if so, in what respects 
the process would differ from that taking place in hypertrophic cartilage and 
osteoid. Experiments of this kind, though carried out with the tissues of normal 
animals, might yet throw light on abnormal calcification and, by differentiation, 
on the normal process of calcification in the skeleton. 

Two questions of particular interest were: (a) whether the phosphatase 
which occurs in some of these tissues is at all responsible for their calcification, 
and (h) whether these tissues possess in any degree properties akin to those which 
constitute the second mechanism of cartilage. 

Experimental. 

The technique was similar to that employed for experiments on the calcifi- 
cation in vitro of cartilage and bone. Calcifying solutions of similar composition 
were used [Robison and Rosenheim, 1934]. They are referred to as solution 
8 : 6 : 10, 8:6:0, etc., according to then content of calcium, inorganic P and 
organic P respectively in mg. per 100 ml. of basal salt solution. The organic 
phosphorus was in the form of oc-glycerophosphorie ester. 

Our experiments were confined to the kidney, lung and aorta. The tissues 
were obtained from normal rats and rabbits of various ages and in a few cases 
from young rachitic rats. They were excised as rapidly as possible, with pre- 
cautions to avoid bacterial contamination, and small pieces were immersed in 
the warm calcifying solutions at p H 7-4 and left at 37° for various periods. 
Subsequently these pieces were fixed in 10 % neutral formalin, washed, dehy- 
drated and embedded in paraffin. Serial sections were cut, stained with silver 
nitrate and eounterstained . A black deposit of metallic silver formed in the 

1 Grocers’ Company Research Student. The work described in this paper formed part of a 
thesis submitted by A. H. Rosenheim and approved for the degree of Ph.D. in the University 
of London. 
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sections on exposure to light was accepted as evidence of the presence of solid 
phosphate or carbonato-phosphate of calcium, that is, of tissue calcification. 
The deposits obtained were never so heavy as to be readily apparent before 
sectioning and staining. 

Pieces of each tissue, fixed without immersion in the calcifying solutions, 
were sectioned and stained as controls. 

In some experiments small pieces of the same kidney, lung or aorta were 
left for different lengths of time in samples of the same calcifying solution, each 
piece in a separate flask. In other experiments the pieces of each tissue were 
immersed for the same length of time but in a number of solutions differing in 
their content of calcium, inorganic phosphate and phosphoric ester. 

The results obtained show that calcification of kidney, lung and aorta in vitro 
can be realised under suitable experimental conditions, but that such calcifica- 
tion takes place much more slowly than that of hypertrophic cartilage and is 
much more erratic in occurrence and distribution. 

No attempt has been made to group the results of individual experiments 
together, since these were often irregular, one piece of tissue possibly showing 
calcification in 4 days while another piece of the same tissue might fail to calcify 
in a longer period or in a solution of higher Ca x P level. 

The positive and negative results obtained with rat’s kidney and lung are 
collected in Table I and those obtained with the aortae of rats and rabbits in 
Table II. 

From Table I it will be seen that calcification occurred with some regularity 
in pieces of rat’s kidney and lung immersed in solutions containing phosphoric 
ester, but that the deposits were not generally formed in less than 2 days. In 
absence of phosphoric ester calcification was only once obtained in kidney and 
not once in lung, although a large number of experiments were performed with 
highly supersaturated inorganic solutions and the period of immersion was 
extended to 4 days. 


Table I. Calcification of kidney and lung in vitro. 


mg. per 
100 ml. 


Ca 

P inorg. 
P org. 


Tissue Days 

Kidney 1 


Inorganic solutions 

r A 


S S 

5 6 

0 0 


Solutions containing phosphoric 
ester 


8 8 

4 5 

10 10 


8 8 

0 4 

10 30 


+ 


2 

3 

4 

Lung 1 

2 

3 

4 


+ 


+ 


+ + + 


+ + 


+ 

-f 


Each sign in Tables I and II refers to a separate piece of tissue, calcification in vitro 
being indicated by + and absence of calcification by - . 


Ill the aortae both *of rats and rabbits, however, calcification did occur in 
the inorganic solutions, although not invariably and never in less than 3 days 
(Table II). These solutions were very highly supersaturated and would certainly 
have produced regular and extensive calcification in cartilage within 10-16 hours. 
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Table II* Calcification of aorta in vitro. 


mg. per 
100 ml. 


Species 

Young 

rat 


Full-grown 

rat 


Young 

rabbit 


Full-grown 

rabbit 


Inorganic solutions 


Ca 

P inorg. 
P org. 

Days 

1 

2 

3 

4 

5 

1 

2 

3 

4 


7 

10 

3 

4 

5 


8 


+ 


Solutions containing phosphoric 
ester 


8 

4 

10 


10 


(- -) 


+ ( + +) 


+ 

4 


8 

6 

10 


8 

4 

30 


Signs in brackets refer to lengths of aorta treated with acetone or desiccated (see text). 


In rat's aorta calcification was somewhat more frequent and was denser in 
presence of phosphoric ester but no such effect was observed in rabbit's aorta. 
This result was expected, since it has been shown that the former tissue contains 
phosphatase [Macfarlane et al. } 1934], while the latter is devoid of the enzyme 
[Kay, 1928]. From the results quoted the presence of glycerophosphoric ester 
would indeed appear to have had some inhibitory effect on the calcification of 
rabbit's aorta, and this too is reasonable, since the unhvdrolysed ester must 
compete with the inorganic phosphate for calcium ions. 

It was noted that the deposits formed in the aorta whether in presence or 
absence of ester became more extensive and denser as the period of immersion 
was prolonged and also that the aortae of full-grown rats and rabbits became 
calcified more readily than those of younger animals. On the other hand, there 
was no evidence that the age or condition of the animal influenced the calcifi- 
cation of kidney and lung in vitro. These tissues were taken from young rachitic 
rats, young normal rats and adult rats, and positive and negative results were 
distributed fairly evenly among the three groups. 
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Effect of acetone and of desiccation on the calcifiability of the rabbit's aorta. 

It lias previously been shown that the second calcifying mechanism of hyper- 
trophic cartilage is seriously damaged by treatment of the cartilage with acetone 
or alcohol, or by desiccation [Robison et al., 1930]. Experiments were, therefore, 
performed to discover whether similar treatment would affect the calcifiability 
of rabbit’s aorta which possesses no phosphatase. The aortae of three full-grown 
rabbits were used. One portion of each aorta was immersed directly in the 
calcifying solution while another portion was first soaked in acetone for 22 hours 
and a third dried over sulphuric acid in vacuo . In two experiments solution 
8:5:0 was used and the period of immersion was 5 days. In the third experi- 
ment the solution was 8:6:0 and the period only 2 days. Calcification was 
obtained in one of the 5-day experiments in the two lengths of aorta which had 
been treated with acetone and desiccated respectively (Plate III, Mg. 4), but 
not in the control piece. There was no calcification in any part of the aortae 
used for the other two experiments. It is clear, therefore, that the calcifiability 
of the aorta is not diminished but rather enhanced by acetone treatment and 
desiccation, and that the qualities leading to the calcification of this tissue are 
markedly different in this respect from the second mechanism of hypertrophic 
cartilage. 

Description of the deposits . 

(a) Kidney . Calcification in intro w r as usually confined to a narrow zone of 
cortex beginning a few cell layers from the exterior, though in some cases the 
extreme peripheral zone was the most densely calcified. The deposits were finely 
granular and extended over the basement membranes of the tubules and often 
throughout the tubule cells. The nuclei of these cells also appeared to be calcified 
(Plate III, Fig. 1). Deposits w’ere frequently observed in the glomeruli and on 
the glomerular capsules. The distribution of the deposits formed in the rat’s 
kidney in vitro bears some resemblance to that of the calcification in the same 
tissue described by Brand and Holtz [1929] and produced by overdosage with 
irradiated ergosterol. 

Although half kidneys or transverse shoes were used in these experiments 
so that at least one cut surface of the medulla was always exposed to the 
solution, only slight traces of calcification were observed in this region. In this 
connection it is of interest that the cortex has been shown by Kay [1926] to 
possess considerably greater phosphatase activity than the medulla. 

(b) Lung. The deposits obtained in lung "were not localised in any special 
part of the organ. There was diffuse granular deposition, denser in some places 
than in others and extending irregularly throughout the sections examined. It 
was not confined to the cells lining the alveoli but appeared also in the alveolar 
spaces. There was fairly heavy calcification in the walls of the bronchioles 
(Plate III, Fig. 2). 

(c) Aorta. Calcification in vitro in different regions of the same aorta was 
very varied in amount, being usually densest in the ascending aorta and aortic 
arch (Plate III, Fig. 3). Its distribution thus corresponded with that of the 
calcified areas observed in the aorta in experimental hypervitaminosis D in the rat 
and the rabbit as described by Duguid [1930] and Vanderveer [1931] respectively. 

Calcification commenced most often on the outer side of the media or in the 
adjacent layers of the adventitia; sometimes, however, it occurred in the middle 
or inner layer of the media, while the outer layers remained free from deposit. 
Occasionally the calcified zone extended in places almost through the entire 
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thickness of the vessel wall though adjoining parts of the wall might be free 
from deposit (Plate IV, Fig. 8). 

The elastic fibres in the broad medial coat are the most prominent feature 
seen in the stained transverse sections of the aortic arch and dorsal aorta of 
rats and rabbits. The intima is not well developed. The bands of deposit stretched 
along and between the elastic laminae (Plate IV, Figs. 5 and 7) and the fine 
granules of calcium salt very often appeared to have been formed on the fibres 
themselves (Plate IV, Fig. 8). Relatively large rounded aggregates definitely 
located at intervals along the fibres were sometimes seen (Plate IV, Fig. 6). 
Wenzel [1928] has observed the deposition of calcium salts in granular form on 
the elastic fibres in experimental hypervitaminosis D ; while deposits in the 
media, between the elastic laminae, have been described by Kreitmair and 
Hintzelmann [1928]. 

Various experiments on calcification of the aorta. 

Certain further experiments which were essentially of a preliminary nature 
may be briefly referred to here. 

1. Although there was little evidence of marked degeneration in the tissues 
except after the most prolonged periods of immersion, less obvious physico- 
chemical changes must have been taking place from the time of excision. That 
such degenerative changes might be essential for calcification seemed the more 
possible in view of the relative slowness with which calcification set In and its 
sporadic appearance. 

In one of the experiments undertaken to investigate this point, an excised 
rat aorta was kept 3 days at 37° in a solution of Ca x P product too low to 
produce calcification. Pieces of the tissue were then transferred to the more 
concentrated solutions 8:6:0 and 8 : 5 : 10 and left for further periods of 
1, 2 or 4 days. Calcification did not occur in less than 4 days after transference 
of the tissues to the latter solutions. Such degeneration of the tissue as may 
have occurred during the preliminary period did not, therefore, serve to produce 
more rapid calcification than usual. 

In other experiments sections of aorta were cut on the freezing microtome 
and alternate sections were stained for fat and calcium salts. Although the 
stainable fat was found to increase in amount with increasing periods of im- 
mersion at 37° there seemed to be no connection between the occurrence and 
location of fatty degeneration and the occurrence of calcification. 

2. With the usual technique the pieces of aorta immersed in the experi- 
mental solutions remained in a highly contracted condition very different from 
that of the aorta in vivo. In a few experiments an attempt was made to maintain 
part of the vessel wall in a distended state. A piece of the aorta was slit open 
and stretched between the ground ends of two lengths of glass tubing, which 
were clamped together. A few ml. of 8 : 6 : 10 solution were forced through the 
tissue drop by drop at a pressure of about 160 mm. Hg over a period of 4 days. 
During this time solution and tissue were maintained at 37°. Calcification, 
however, did not take place. 

3. Calcification of certain tissues is known to occur as a result of injury. 
A length of aorta was, therefore, purposely injured by scraping with a sterile 
scalpel or by pinching with forceps before immersion in the calcifying solutions. 
Such injury did not lead to increased calcification in vitro . 

4. Since permeability of the aorta wall may be a factor limiting the rate of 
calcification and since testicular extract has been shown to exert a marked 
effect in Increasing tissue permeability [McClean, 1931], an experiment was 
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carried out in which 0*2 ml. of this extract (for which we are indebted to 
Drs McClean and Morgan) was injected into the media of a rabbit’s aorta before 
excision. I here was no evidence of calcification in this aorta after 3 cla-va ^ 
8 : 5 : 0 solution. 111 

Discussion. 

If the results of these experiments are to be applied to the problems of 
pathological calcification it is clear that great caution must be used. 
body deposits of calcium salts are frequently found in abnormal or neurotic 
tissues whereas the calcification which was obtained in vitro occurred in txg Slles 
taken for the most paid from normal animals. The deposits obtained m the 
arteries in vitro would, indeed, appear to bear less resemblance to those occurring 
in such conditions as Monckeberg's sclerosis or atheroma (associated with 
muscular and fatty degeneration respectively) than to those formed in the early 
stages of experimental hypervitaminosis D in which tissue degeneration is rela- 
tively slight and appears to be of secondary nature [Wenzel, 1928; Vandecveer, 
1931]. In the lung and kidney also the calcification in vitro was not obviously 
related to any marked degenerative changes; though doubtless some tissue 
degeneration must have occurred during the prolonged period of immersion. 

There are grounds for assuming that in hypervitaminosis D the condition 
of supersaturation of the circulating fluid with calcium salts is a determining 
factor in tissue calcification, as it is in our experimental solutions. In necrotic 
or degenerate tissues factors of a different type are introduced. 

In connection with the etiology of arterial disease it is of some interest that 
in our experimental solutions calcification occurred in isolated pieces of aorta 
subjected to no mechanical stresses and not distended by the force of the blood 
stream. 

The experiments described in this paper have shown that in a medium 
supersaturated with calcium salts, calcification of certain tissues other than 
hypertrophic cartilage and osteoid may occur without participation of phos- 
phatase, although if the tissue contains this enzyme and phosphoric ester is 
present the likelihood of deposition will be increased. These results do not 
suggest that the tissue phosphatases are essential factors in pathological calcifi- 
cation 1 . At least one of the tissues whose calcification was studied, the aorta 
possesses qualities which can provoke deposition of calcium salts in the tissue 
frorn^ supersaturated solutions before spontaneous precipitation occurs in the 
solution itself. By this empirical criterion we should recognise that the aorta 
possesses the second mechanism, but the slow and erratic formation of the 
deposits indicates a very low degree of activity. It is not proved that the 
mechanism in the aorta is identical with that in cartilage. There is, indeed, 
some evidence to the contrary, for example, in the different effect of acetone on 
these two tissues. In the aorta the qualities which favour calcification are 
perhaps associated with the surface of the fibres. It is not unlikely that similar 
forces at fibrillar interfaces may also assist deposition in cartilage, even if the 
high activity of the second mechanism in this tissue should ultimately prove 
to be due to an enzyme complex, as we have suggested elsewhere [Robison anc j 
Rosenheim, 1934]. 

The results of these experiments again emphasise the very special position 
occupied by hypertrophic cartilage and osteoid with respect to the dual calci- 
fying mechanism. They show also that certain other tissues possess qualities 

1 In heterotopic ossification, in which true osteoid tissue is developed in abnormal locations, 
phosphatase probably plays the same part as in normal bone formation [Huggins, 1931]. 

Biochem. 1934 xivm 4 r 
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which, although unable to effect their, calcification, under normal conditions, 
may do so if the calcium-phosphate level in the blood is abnormally raised. 
Whether such qualities become further developed as' a result. of tissue degenera- 
tion must be left for future investigation. 

Summary. 

1. Calcification of the kidney, lung and aorta excised from normal animals 
has been realised in vitro by immersion of the tissues in experimental solutions 
of similar composition to those used for calcification in vitro of hypertrophic, 
cartilage. 

2. Calcification of these tissues took place much more slowly than that* of 
hypertrophic cartilage, and especially in the aorta, was erratic in occurrence 
and distribution. 

3. Calcification occurred with some regularity in pieces of rat’s kidney and 
lung immersed in solutions containing phosphoric ester, but not usually in less 
than 2 days. In absence of phosphoric ester calcification was only once obtained 
in kidney and never in lung. 

4. Calcification occurred, though not invariably, in aortae both of rats and 
rabbits immersed in very highly supersaturated inorganic solutions for periods 
of 3 to 8 days. 

5. The deposits formed in the kidney, lung and aorta in vitro had some 
resemblance in appearance and distribution to those described as occurring in 
the same tissues in vivo in experimental hyper vitaminosis X). 
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DESCRIPTION OF FIGURES IN PLATES III AND IV.- 

Sections of kidney, lung and aorta, cut after immersion of the tissues in various calcifying 

solutions for the periods specified. The sections were treated with silver nitrate to show the tissue 

calcification ( X) which occurred in vitro. 

a. —aorta. e.l.= elastic lamina. 

b. a. - branch artery. n , = nucleus of tubule cell. 

b.m. = basement membrane of tubule cell. 

Plate III. 

Fig. 1. Cortex of the kidney of a full-grown rat. 2 days in solution 8 : 4 : 30. Note the calcifi- 
cation in the basement membrane of the tubules and in the nuclei of the tubule cells. 
(Mag. x250.) 

Fig. 2. Lung of the same rat. 4 days in solution 8 : 5 : 10. (Mag. x 27.) 

Fig. 3. Transverse section of the aortic arch of a full-grown rat. 4 days in solution 8:5: 10. 
Note the heavy calcification of the adventitia and media in the main and branch arteries. 
(Mag. x 22.) 

Fig. 4. Aorta of rabbit. The tissue w x as soaked for 22 hours in acetone and subsequently immersed 
for 5 days in solution 8:5:0. The section illustrates the patchy distribution of calcification 
in vitro noted also in tissues not subjected to acetone treatment. (Mag. x 20.) 

Plate IV. 

Fig. 5. Thoracic aorta of a full-grown rat. 3 days in solution 8:6:0. Note the deposit appa- 
rently located in the bands of muscle and connective tissue between the elastic laminae. 
(Magi x 140.) 

Fig. 6. Part of the same aorta as in Fig. 3. 5 days in solution S : 6 : 0. Note the rounded aggre- 
gates apparently formed in and on the elastic laminae, (Mag. x 350.) 

Fig. 7. Aorta of full-grown rabbit. 3 days in solution 8:4:0. Slight calcification was obtained 
in the outer half of the media. The deposit is apparently located between the elastic laminae. 
(Mag. x 140.) 

Fig. 8. Aorta of full-grown rabbit. 5 days in solution 8:5:0. Note the heavy calcification 
extending almost through the entire thickness of the artery wall. The deposit is chiefly 
between the laminae, but where it is densest it would seem to overlap them. In places fine 
granules are visible on the fibres between the bands of deposit. (Mag. x 140.) 
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XCIX. THE PHOSPHATASE ACTIVITY 
OF ANIMAL TISSUES. 


By MARJORIE GIFFEN MACFARLANE, 

LAYINIA MARY BROWN PATTERSON and ROBERT ROBISON. 

From the Biochemical Department , The Lister Institute , London. 

(Received March 9th , 1934.) 

The presence of a highly active phosphatase in bone and ossifying cartilage 
forms the basis of a conception of the process of calcification in these tissues 
for which much evidence has been accumulated [Robison, 1923]. That calcifi- 
cation does not normally occur in all tissues which contain phosphatase is not 
necessarily prejudicial to this conception since the animal organism makes wide 
use of phosphoric esters of varied type and it is not surprising that many of its 
tissues should contain enzymes by which the synthesis and hydrolysis of these 
esters can be accomplished. We were, however, interested in the possibility 
that the presence of phosphatase may be correlated with the calcification which 
occurs in some of these tissues in certain abnormal bodily states. 

The distribution and behaviour of the tissue phosphatases have been the 
subject of many investigations, which have recently been reviewed by Kay 
[1932], who discusses the limitations of the experimental methods employed. 
It has long been recognised that these phosphatases are not all identical, while 
Akamatsu and his co-workers have shown that more than one type may be 
present in the same tissue [Akasawa, 1929; Kurata, 1931]. The present experi- 
ments were concerned solely with the distribution of the phosphomonoesterase 
of high optimum p H -which occurs in bone. They were intended to supplement 
the results already obtained on the relative activities of the tissues of different 
animal species. It was desired also to eliminate the possibility that a negative 
or low phosphatase activity reported for any tissue was due simply to lack of 
magnesium in the tissue or tissue extract. The pronounced effect of magnesium 
on phosphatase derived from different sources has been described by Erdtman 
[1927; 1928] and by Jenner and Kay [1931]; the latter concluded that mag- 
nesium acts as an accelerator rather than as a coenzyme. 

In these experiments we have made a more extended trial of a method which 
had been found valuable in a study of phosphatase development in rudimentary 
bones and minute explants of embryonic tissue [Fell and Robison, 1929; 1930]. 
A number of pieces of each tissue, roughly 1 *0-4*0 mg. dry weight, were cut 
as nearly uniform in size and shape as possible, placed on cover slips and rapidly 
dried in an evacuated desiccator. The tissue fragments were weighed on a micro- 
balance and placed separately in stoppered tubes of 5 ml. capacity to which 
2 ml. distilled water and a small drop of chloroform were added. After standing 
24 hours at room temperature, 2 ml. of a 0*2 M solution of sodium /3-glycero- 
phosphate (p H 8*9) were added, together with a further drop of chloroform; if 
necessary the p n was adjusted to 8*6. From one of the duplicate tests carried 
out on each tissue examined, a sample was then removed for estimation of 
inorganic phosphate. This 0-hour value, which rarely exceeded 0*004 mg. P 
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per ml., represented the sum of the inorganic phosphate present in the glycero- 
phosphate solution plus that dissolved out of the tissue and was deducted from 
the final value obtained. The tubes were placed in an incubator for 48 hours at) 
25° or 24 hours at 37°; at the end of this time the was checked, and suitable 
samples were removed for estimation of the phosphate by the Briggs method. 
When the tests were carried out in presence of magnesium this was added as 
MgS0 4 , in the glycerophosphate solution, so that the final concentration of Mg 
was 0-003 M . This concentration was chosen as the most suitable after preliminary 
tests on a wide range of tissues. It falls within the limits of optimum concen- 
tration found by Jenner and Kay [1931]. No added buffers were used in these 
experiments since their presence is not without effect on phosphatase activity. 
Sodium glycerophosphate itself has considerable buffering powers at p H 8-6 ; 
and in more than 90 % of the tests the p H did not fall below 8-5. Any tests in 
which the final p H was lower than 8-4 were rejected. The fall in p H occurred 
chiefly in the tests with liver, lung, spleen and muscle and was presumably 
due largely to glycogenolysis. Since the p H -aetivity curve of phosphatase is 
very steep it may be well to state that differences in the final did not account 
for the observed variation in the activity of duplicate samples. 

The majority of the tests were carried out at 25° for 48 hours, the remainder 
at 37° for 24 hours. The former conditions usually gave somewhat higher values * 
and were considered preferable owing to the greater stability of the enzyme at 
the lower temperature. 

As a result of many hundreds of tests certain comments may be made on 
this method. 

1 . It is specially applicable to investigations in which only minute amounts 
of tissue are available, as in young or small animals, or in which it is desired to 
study the localisation of the enzyme in particular zones of the tissue. 

2. It gives a direct relationship between the activity and the weight of solid 
matter in the tissue ; the dry weight of tissues with variable water content can 
be determined with greater accuracy than the wet weight and may provide a 
more suitable basis for comparison. 

3. A large number of tissues from the same animal can he conveniently 
examined. 

4. Although in certain tissues reasonably good agreement was obtained 
between duplicate samples, in others a wide variation was found, indicating 
uneven distribution of the enzyme. A limited number of tests may therefore 
fail to give a fair indication of the average phosphatase activity of a tissue. 

5. Since duplicate determinations can only be carried out on separate pieces 
of tissue it is impossible to check the accuracy of individual values. 

6. The assumption that no loss of phosphatase activity occurs during drying 
may not be equally correct for all tissues, and is difficult to verify exactly in 
the case of tissues with variable phosphatase content. There was, however, no 
indication of any serious loss of activity. 

7. Because of the variation in individual values, the method is not the 
most suitable for studying the exact effect of and other factors on the 
phosphatase activity of different tissues. 

As these comments indicate, the method possesses definite advantages for 
certain purposes but does not replace the usual method in wdiich the moist 
tissues are ground with chloroform water. 

The average values of A/W obtained for tissues of animals of different species 
are shown in Table I, those for tissues of rats of different ages in Table II. The 
tissues include some for which no data were previously available. In general 
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PHOSPHATASE ACTIVITY OF ANIMAL TISSUES 

Table II. Phosphatase activity {AjW) of tissues of rats of different ayes. 

(. Average values.) 

A = inorganic phosphate (mg. P) liberated from 0-1 M Na jS-glyeerophosphate 
in 24 hours at 8*6 and 37°. 

W = weight of dried tissue (mg.). 


Final cone, of MgSG 4 added. . . None 


Age of rat 

No. of rats examined 

... 1 day 

2 " 

4 weeks 
3 

6 weeks 

2 

1 day 

2 

4 weeks 

3 

a 

6 weeks 
2 

Tissue 







Femur epiphysis 

0*23 

0*21 

0*18 

1*23 

0*48 

0*57 

,, junction 

— 

0-48 

0-33 



1*04 

0*79 

„ shaft 

0*36 

0-07 

0*07 

1*45 

0*27 

0*16 

Rib bone 

— . 

— 

0-14 



0*31 

0*30 

Costochondral junction 

0*20 

0*17 

0*18 

0*77 

0*40 

0*52 

Tooth point 

^0-36 

0*09 

0*06 

1 1*04 

0*25 

0*13 

„ root 

0*41 

0*25 

1*18 

0*59 

Membrane bone 

0-40 

0-08 

0*10 

1*26 

0*57 

0*23 

Rib cartilage 

<0-01 

<0-01 

<0*01 

0*02 

0*01 

0*01 

Trachea 

003 

0*03 

0*04 

0*25 

0*16 

0*24 

Intestinal mucosa 

0-67 

— 

0*80 

2*94 

2*06 

2*42 

Kidney cortex 

^0-16 

— 

0*34 

-|o*37 

0*38 

0*68 

„ medulla 

— 

0*04 

0*11 

0*15 

Bladder 

0-06 

0*08 

0*05 

0*20 

0*19 

0*27 

Aorta 

0-08 

0*02 

0*14 

0*11 

0*45 

0*86 

Cardiac muscle 

— 

— 

0*06 



0-10 

0*10 

Skeletal muscle 

<0*01 

<0*01 

<0*01 

0*08 

0*01 

0*02 

Lung 

0*29 

0*12 

0*10 

0*42 

0*24 

1*08 

Liver 

0*02 

— 

0*02 

0*05 

0*04 

0*03 

Spleen 

0*05 

— 

0*02 

0*20 

0*07 

0*09 

Brain 

0*06 

— 

0*04 

0*10 

0*06 

0*07 

Thyroid 

0*05 

0*04 

0*04 

0*38 

0*21 

0*42 

Adrenal 

0*04 

0*03 

0*06 

0*28 

0*20 

0*23 

Thymus 

0*02 

— 

0*02 

0*07 

0*06 

0*08 


the relative activities are in agreement with those obtained by other methods. 
In nearly all cases the- activity was decidedly increased in presence of mag- 
nesium. High values are shown for intestinal mucosa, kidney cortex, hones 
and teeth; with regard to the last two, it should be remembered that a large 
proportion (50-66 %) of the dry tissue fragment consisted of inorganic material, 
so that the A/W of the organic portion was actually much higher than the 
value shown. Rib cartilage and skeletal muscle were almost inactive in all 
species examined, even in the presence of magnesium, but cardiac muscle had 
a slight but definite activity. Most of the remaining tissues gave intermediate 
values, rather variable from one species to another. The definite activity of 
the bladder in all species may be noted [c/. Huggins, 1931] and also that of 
the trachea in the rat, cat and dog. Calcification of the tracheal cartilage occurs 
not infrequently in vivo , especially in old age ; and the presence of phosphatase 
may seem significant when it is recalled that in the rudimentary bone the 
appearance and increasing activity of this enzyme runs parallel with the hyper- 
trophy of the cartilage cells. 

The examination of the aorta was carried out with special interest, in view 
of the frequency with which this tissue becomes calcified in certain abnormal 
states. Among the species examined, the aorta of the rat alone showed definite 
phosphatase activity; and in this respect the contrast between the rabbit and 
the rat is remarkable. Calcification of the aorta has been frequently observed 
in vivo in both rat and rabbit, and calcification has also been induced in vitro 
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in the excised aortae of both animals [Rosenheim and Robison, 1934]. While 
therefore the phosphatase present in the rat aorta may affect in some degree 
the incidence or extent of such calcification, it would seem that the enzyme 
cannot be the crucial factor in this process. 

Summary. 

A method of estimation of the phosphatase activity of tissue fragments is 
described in which the activity is related to the dry weight of the tissue. The 
application of this method is discussed. 

The values obtained by this method for the phosphatase activity of various 
tissues in presence and absence of magnesium are given for the rat, rabbit, 
guinea-pig, mouse, cat and dog. The results generally confirm those previously 
obtained. 

The bladder shows definite phosphatase activity in all species examined; 
the trachea also showed some activity in most species. 

The aorta of the rat was exceptional in possessing a definite phosphatase 
activity, while in the other species this tissue was practically devoid of the 
enzyme. 
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By RONALD WINSTON BROOKFIELD. 

From the Department of Biochemistry , University of Liverpool. 

(Received March 1st, 1934.) 

Brookfield [1933] showed that in the serum of the rabbit there was an inverse 
relationship between calcium and magnesium, a direct relationship between 
magnesium and inorganic phosphorus and an inverse relationship between 
calcium and inorganic phosphorus, the ] at ter of which had been previously 
observed by Dupre and Semeonoff [1931] and Bourne and Campbell [1932]. The 
rises and falls in the concentrations of the three ions in the serum were correlated 
with their relative amounts in the diet. The relationships seemed worthy of 
further study under other experimental conditions, in order to determine whether 
the effects observed with diets varying in their mineral contents were of more 
general significance, and accordingly another series of experiments has been 
carried out. 

Solutions of salts containing Ca ++ , Mg ++ and PO~ 4 ions have been injected sub- 
cutaneously into rabbits and their effects on the calcium, magnesium and 
inorganic phosphorus of the serum observed. 


Experimental. 

Experiments were made on fully grown male rabbits maintained on a diet of 
cabbage and oats, which (with one exception) had fasted for about 18 hours. 
Calcium gluconate, laevulate and lactate, magnesium sulphate and lactate and 
disodium hydrogen phosphate -were the salts employed, while control experi- 
ments were carried out with sodium chloride and sodium sulphate. The salts, 
dissolved in the minimum volume of water, were injected subcutaneously into 
the flank. 5 ml. of blood were withdrawn from the lateral vessel of the ear 
immediately before the injection and on three separate occasions afterwards. 
The effects were observed over periods varying from 1| to 6 hours. The methods 
of estimating calcium, magnesium and inorganic phosphorus were the same as 
those used in the dietary experiments [Brookfield, 1933]. 

The influence of two factors called for control before the results of the experi- 
ments could be interpreted; firstly, the effects of four small haemorrhages 
recurring at relatively short intervals and secondly, the effects of the injection 
of a solution of an indifferent salt. 

1. The effects of bleeding, (a) Successive small haemorrhages. 5 ml. of blood 
were removed from a rabbit four times at half-hourly intervals ; 9 days later 
the same procedure was repeated, but at hourly intervals and after a further 
22 days the animal was bled again, this time at 2-hourly intervals. In the 
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first experiment the haemoglobin percentage was unaltered at the fourth 
bleeding; in the other two experiments a fall of 8 % was noted. The serum- 
calcium, magnesium and inorganic phosphorus values are recorded in Table I. 

Table I. Serum-calcium, magnesium and inorganic phosphorus . 

Small haemorrhages at short intervals . 

Rabbit 20. Weight 2010 g. 4 bleedings of 5 ml. on each occasion. 


Calcium 

Magnesium 

Inorganic 

phosphorus 

mg,/100 ml. 

mg./lOO ml. 

mgf./lOO ml. 

hourly intervals 

16*55 

1*952 

3*152 

15*70 

1*694 

2*626 

15*15 

1*597 

2*551 

14*95 

1*590 

2*716 

1 -hourly intervals 

13*29 

2*886 

4-382 

13*29 

2*886 

4-382 

12*94 

2*794 

4-762 

12*72 

2*749 

4-794 

2-hourly intervals 

13*53 

3*615 

3*750 

13*53 

3*542 

3*936 

13*90 

3*357 

4*521 

13*67 

3*204 

4*654 


It will be seen that the magnesium value tends to fall, but at a very slow rate. 
The calcium figures show variable results, depending on the time interval. The 
four bleedings at half-hourly intervals have caused a fall of 1*6 mg. (10 %). 
Hourly bleedings cause a slighter fall (4 %) and 2-hourly bleedings none. A fall 
in the inorganic phosphorus followed by a rise after one hour results from bleed- 
ing at intervals of half an hour, while with hourly or 2-hourly bleedings the 
inorganic phosphorus rises. 

(h) Progressive changes during a single haemorrhage. The rapidity with which 
the fall in the serum-calcium takes place is illustrated by the results recorded in 
Table II. 

Table II. Serum-calcium and magnesium values during bleeding. Blood 
taken in two samples of 5 ml. each . 


Rabbit 


Calcium 

Magnesium 

no. 

Time of bleeding 

mg./lOO ml. 

mg./ 100 ml. 

19 

11.45-12.15 

15*28 

1*722 


12.15-12.45 

14*44 

1*694 

21 

4.30-4.45 

15*73 

1*895 


4.45-5.0 

15*35 

1*886 

19 

10.45-11.0 

12*60 

1*907 


11.0-11.10 

12*25 

1*896 

20 

11.15-11.25 

14*35 

1*963 


11.25-11.30 

14*25 

1*951 


Each animal was submitted to a single haemorrhage and the blood collected in 
two successive 5 ml. samples. In one experiment where the time of bleeding 
was rather prolonged, a fall of 0*8 mg. (6 %) was noted. The effects of haemor- 
rhages on the serum- calcium of rabbits have been referred to by several writers, 
A decrease of 10 % or more has been reported when observations have been made 
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at a short interval after the haemorrhage by Stransky [1915], Clark [1920], 
Stewart and Percival [1927] and Culhane [1927]. Seven hours after bleeding, 
Moritz [1925] found a slight and inconstant decrease in the serum- calcium value. 
A fall in the magnesium also was noted by Stransky. These results show that the 
variations in the concentrations of calcium, magnesium and inorganic phosphorus 
caused by bleeding are so slight as to have little or no significance in the inter- 
pretation of the findings in the injection experiments, which will now be discussed. 

2. The effects of the injection of an indifferent salt. Sodium chloride was in- 
jected in an amount somewhat in excess of those of the other salts employed. 
The results are recorded in’ Table III. 

Table III. Injection of sodium chloride. Serum-calcium , 
magnesium and inorganic phosphorus values. 

Rabbit 24. Weight 2300 g. 5 ml. bleedings. Fasting. 

Time after Inorganic 

injection Calcium Magnesium phosphorus 

(hours) mg./lOO ml. mg./lOO ml. mg./lOO ml. 

0 13*29 2*786 3*820 

0-36 g. NaCl (0*0062 g. equivalent per kg. in 9 ml. water injected subcutaneously). 

1 13*29 2*806 4*154 

1 12*67 2*726 3*434 

4 13*06 2*557 3*701 

There is a slight fall in all three constituents after one hour with a tendency on 
the part of the calcium and inorganic phosphorus to return to their initial values 
after 4 hours. These changes are unimportant in comparison with the results 
which follow, and they show that probably any effect observed in the injection of 
salts containing Ca++ 5 Mg ++ , or PO s 4 was to be attributed to these ions themselves. 

3. The injection of solutions containing the Ca ++ , Mg+ + , PO~ 4 and SO~ 4 ions. 
An attempt was made, in each case, to introduce an amount of salt sufficient to 
cause a marked effect on the several blood- constituents under review without 
producing untoward symptoms. The success achieved was only partial. No 
symptoms were noted after the injection of the calcium salts. Slight ataxia of the 
hind-limbs resulted from the injection of magnesium sulphate and lactate. 
Definitely toxic effects were observed however with disodium phosphate and 
sodium sulphate. In both cases there was some degree of collapse after the 
injection. The animal injected with disodium phosphate showed marked mus- 
cular twitching but ultimately recovered. The animal which received sodium 
sulphate was found dead 2 days later. No urine was passed during the period of 
any of the experiments except by the rabbit which received sodium sulphate. 
None of the animals suffered from diarrhoea. 

Results. 

For purposes of comparison the amounts of the salts have been expressed as 
g. equivalents per kg. body weight. The results of the injections of the calcium 
salts are set out in Table IV, of the magnesium salts in Table V, of sodium sulphate 
in Table VI and of disodium phosphate in Table VII. 

1. The interrelations of calcium and magnesium. In each of the 4 experiments 
where calcium salts have been injected approximately equivalent amounts of 
calcium have been given. A moderate increase in the serum-calcium has been 
the result amounting on the average to 3*0 mg. or 23 % of the initial value. 
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The rise to the maximum takes place within one hour and is followed by an 
almost equally rapid fall. The rise in the serum-calcium is accompanied by a 
progressive fall in the serum-magnesium. In the case of the injection of calcium 
gluconate, there may be a slow return towards normal at 6 hours. The average 
fall amounts to 1*0 mg. or 37 % of the initial value though it should be noted that 
in 3 of the experiments (Table IV) the fall appears still to be continuing at the 
time of the final observation. 


Table IV. Injection of calcium salts. Serum -calcium, magnesium, 
and inorganic phosphorus values. 




Time after 



Inorganic 



injection 

Calcium 

Magnesium 

phosphorus 


Salt injected 

(hours) 

mg./lOO ml. 

mg./lOO ini. 

mg./' 100 ini 

Rabbit 19. 2520 g. 

Gluconate 

0 

13*17 

2*389 

3*720 

Pasting 

(0*6 g. =0-0028 g. 

J 

16*13 

1*896 

3*861 


equiv. Ca/kg.) 

2 

14*91 

1*590 

4*106 



6 

14*32 

1*748 

4*152 

Rabbit 23. 2000 g. 

Gluconate 

0 

13*29 

3*091 

4*826 

Pasting 

(0-75 g. =0*0035 g. 

i 

16*59 

2*567 

4*700 


equiv. Ca/kg.) 

1 

16*75 

2*097 

4*609 



1$ 

17*77 

1*896 

4*700 

Rabbit 23. 2200 g. 

Laevulate 

0 

12*27 

3*044 

4*252 

Fasting 

(0*6 g. =0-0039 g. 

i 

15*19 

2*635 

3*990 


equiv. Ca/kg.) 

11- 

14*57 

2*136 

— 



-i 

13*48 

1*860 

— 

Rabbit 23. 2170 g. 

Lactate 

0 

14*46 

2*332 

2*977 

Fasting 

(0-46 g. =0*003 g. 

1 

17*02 

1*902 

3*106 


equiv. Ca/kg.) 

1 

14*97 

1*620 

2*927 



2 

14*82 

1*544 

3*247 


Though the magnesium salts have been injected in amounts equivalent to 
those of calcium the effects have been considerably greater. The rise in the 
serum-magnesium averages 5*6 mg. over the initial value, as compared with a 
rise of 3*0 mg. in the calcium value caused by injections of corresponding amounts 
of calcium salts. This rise takes place rapidly but is more sustained than in the 
case of calcium, and it is clear that either the rate of absorption of magnesium salts 
is much less rapid than that of calcium salts, or alternatively and more probably 


Table V. Injection of magnesium salts. Serum-calcium , magnesium 
and inorganic phosphorus values. 




Time after 



Inorganic 



injection 

Calcium 

Magnesium 

phosphorus 


Salt injected 

(hours) 

mg./lOO ml. 

mg./lOO ml. 

mg./lOO ml 

Rabbit 19. 2680 g. 

Sulphate 

0 

14*69 

2*109 

2*779 

Fed with cabbage 

(0*37 g. =0*003 g. 

3 

i - 

11*32 

8*078 

2*080 

and oats 

equiv. Mg/kg.) 

1* 

10*74 

8*258 

1*890 



4f 

13*31 

3*634 

3*086 

Rabbit 25. 2750 g. 

Lactate 

0 

12*62 

2*348 

3*682 

Fasting 

(0*37 g,=0*0031 g. 

i 

11*85 

6*726 

3*262 


equiv. Mg/kg.) 

if 

10*54 

7*466 

3*147 



5 

10*61 

5*833 

3*608 


that the removal of excess magnesium from blood is much less readily accom- 
plished. Where magnesium sulphate has been injected (Table V) the serum- 
magnesium is approaching the normal value after 5 hours, but at the same 
interval after the injection of the equivalent amount of magnesium lactate 
(Table V) the serum-magnesium is nearly 3 times greater than the initial value. 



CALCIUM AND MAGNESIUM OF SERUM 729 

These increases in the magnesium concentration have resulted in a marked fall 
in the calcium value in every experiment. This fall in calcium has been more 
rapid and greater in extent (4*0 mg. or 27 % of the initial value), following the 
injection of magnesium sulphate (Table V). The calcium value in this experiment 
is approaching the initial level after 6 hours. Following the injection of magnesium 
lactate the serum-magnesium continues at a high level for a considerable time 
and there is a correspondingly prolonged depression of the serum- calcium, which 
after 5 hours is still at the low level of 10*6 mg. 

The inverse relationship found to exist between calcium and magnesium in 
the dietary experiments is therefore borne out by the results of these sub- 
cutaneous injections of calcium and magnesium salts. 

Previous observations of the effects of the injection of calcium and magnesium 
salts on the calcium and magnesium content of serum are fragmentary and in 
some cases conflicting. Salvesen et ah [1924, 2] found that the magnesium, con- 
tent of the blood of dogs was depressed by the intravenous injection of calcium 
chloride. Stransky [1915] and Meneghetti [1927] observed a fall in the serum- 
calcium of rabbits after the injection of magnesium sulphate, the latter worker 
also showing that the diffusible calcium was increased. A number of observers 
have shown that the injection of magnesium salts leads to an increase in the 
calcium excretion and vice versa . Thus Mendel and Benedict [1909] found that 
the injection of calcium chloride into dogs and rabbits led to loss of magnesium, 
while the injection of magnesium sulphate and chloride increased the excretion 
of calcium. Greenwald and Gross [1925] noted a temporary Increase in the 
excretion of magnesium in dogs injected with calcium chloride. After introduc- 
ing metallic magnesium under the skin of rabbits, Reding and Slosse [1923] noted 
a considerable increase in the output of calcium, and loss of calcium was also 
observed by Scliiff [1920] and by Schiff and Stransky [1920] in infants injected 
with magnesium sulphate. While a fall in the serum-calcium, accompanied by an 
increased excretion of calcium, was noted by Pribl [1929] hi rabbits after the 
injection of magnesium sulphate, a rise in the serum- calcium value with calcium 
retention following the injection of magnesium lactate was reported. Condo - 
relli’s [1926] findings are also at variance with those recorded above, in that he 
observed a considerable elevation of the serum-magnesium following the in- 
jection of calcium lactate into rabbits. 

2. The effects of the sulphate ion . One possible complicating effect in the 
experiment with magnesium sulphate is the presence of the sulphate ion, for the 
fall in the calcium value was less when magnesium was introduced as the lactate. 
Since the injection of phosphate depresses the serum-calcium it was possible that 
the injection of sulphate might have had a similar effect, and this was controlled 
in an experiment In which sodium sulphate was injected in amount equivalent to 
twice that of the magnesium sulphate used. Table VI shows that this has 


Table VI. Injection of sodium sulphate (TO g. Na 2 S0 4 , 10H 2 O —0-006 g. equiv. 
Ma/Jcg.). Serum-calcium , magnesium and inorganic phosphorus values. 


Rabbit 23. Weight 2500 g. Fasting. 


Time after 
injection 
(hours) 

0 


Calcium 
mg./ 100 ml. 

14*34 

13*52 

12*20 

11*20 


Magnesium 
mg. /1 00 ml. 

2*629 

2*629 

2*505 

2*557 


Inorganic 
phosphorus 
mg./iOO ml. 


4*700 

3*536 

3*106 

3*572 
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resulted in a considerable fall in the serum- calcium but one different in character 
from that caused by the injection of magnesium sulphate. The fall is much more 
gradual, and although still continuing at the time of the last observation, 4 hours 
after the injection, is less than that produced by half the equivalent amount of 
magnesium sulphate (Table V). It is of interest that Stransky [1915] found a 
much increased calcium excretion after the injection of sodium sulphate into a 
rabbit. Table VI shows that while sodium sulphate has no effect on the serum- 
magnesium, the serum-inorganic phosphorus is depressed by 1*6 mg. (34 %) to 
rise again after one and three quarter hours, when it moves in a direction opposite 
to that of calcium. 

3. The interrelations of calcium and inorganic phosphorus. The changes in the 
serum-inorganic phosphorus after the injection of the three calcium salts (Table 
IV) are so slight that it appears that injected calcium has no direct effect on the 
inorganic phosphorus. When, however, disodium phosphate is injected there is an 
immediate fall in the serum-calcium (Table VII). In this experiment the phos- 

Table VII. Injection of disodium hydrogen phosphate {0-57 g. Na 2 HP0 4 , 12E 2 0= 
0-0047 g. equiv. P/Jcg.). Serum-calcium , magnesium and inorganic phosphorus 
values. 

Rabbit 19. Weight 2300 g. 5 ml. bleedings. Easting. 


Time after 
injection 
(hours) 

0 

1 

2 


Calcium 
mg. / 100 ml. 

12-97 

11-39 

10-74 


Magnesium 
mg./ 100 ml. 

2-529 

2-308 

2-423 


Inorganic 
phosphorus 
mg./ 100 ml. 

4*121 

10-01 

10*51 


phate was injected in amount equivalent to 1-5 times the amounts of the salts 
used for the calcium injections. The rise in the serum-inorganic phosphorus was 
rapid and relatively prolonged: at the end of one hour it was 5-9 mg. (140 %) 
above the initial value, and at 2 hours was at a slightly higher level. At the same 
interval after the injection, the serum-calcium had fallen by 2*2 mg. or 17 %. 
Samples were unobtainable after 2 hours owing to the collapsed state of the 
animal. 

From these results it is plain that the inverse relationship between the 
calcium and inorganic phosphorus of serum observed in the dietary experiments 
is only partially maintained when calcium or phosphate is injected. The results of 
the injection of phosphate are in accord with the dietary experiments inasmuch 
as the serum-calcium falls as the inorganic phosphorus rises. Several previous 
workers have reported a depression of the serum-calcium on injecting phosphate. 
Binger [1917] produced a fall of the serum-calcium to 6 mg./lOO ml. with the 
development of tetany by injecting dogs intravenously with disodium phosphate. 
Tisdall [1922] repeated his experiments with a similar effect, while Salvesen et al. 
[1924, 1] obtained the same results when phosphates were administered orally. 
The calcium thus displaced from the serum is apparently largely excreted since 
Greenwald and* Gross [1925] found a rise in the calcium excretion in dogs after the 
injection of neutral sodium phosphate, while Boyd et al. [1930] observed, in 
addition to a fall in the serum- calcium, an increased urinary excretion of calcium 
after injecting sodium glycerophosphate into the same animals. 

In the present investigation injection of calcium has produced no definite fall 
in the serum-inorganic phosphorus, so that in this respect there is no effect 
analogous to the inverse relationship of the dietary experiments. The results of 
other workers are somewhat variable. Bomskov [1930] found that a fall in the 
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inorganic phosphorus followed the injection of calcium gluconate into rabbits. 
Salvesen et al. [1924, 2] and Collip [1926], using dogs, reported a small rise in 
the inorganic phosphorus value on injecting calcium chloride. Condorelli [1926] 
found a greater rise in the rabbit injected with calcium lactate. Greville [1931] 
found the inorganic phosphorus of the serum of two rabbits slightly elevated after 
the intravenous injection of calcium laevulate, while Apitzsch [1931] observed 
that the serum-inorganic phosphorus of human subjects was raised after the oral 
administration of calcium lactate. Thus the balance of evidence suggests that 
there is no disappearance of phosphorus from the blood, though it is noteworthy 
that Greenwald and Gross [1925] found an increased excretion of phosphorus in 
the dog after the injection of calcium chloride. 

4. The interrelations of magnesium and inorganic phosphorus. Following the 
injection of magnesium (Table V) there is a fall in the serum-inorganic phosphorus 
amounting, after the injection of the sulphate to 0-9 mg. (32 %) and after that of 
the lactate to 0*5 mg. (15 %). The somewhat greater effect of magnesium sulphate 
is possibly accounted for by the synergic action of the sulphate ion which itself 
lowers the serum-inorganic phosphorus (Table VI). It will be seen that the 
injection of phosphate (Table VII) caused no appreciable change in the serum- 
magnesium, just as the injection of calcium caused no effect on the serum- 
inorganic phosphorus. These results are not in accord -with the direct relationship 
between magnesium and inorganic phosphorus observed in the dietary experi- 
ments. 

Discussion. 

The injection experiments differ from the earlier dietary experiments in two 
important respects which may account to some extent for some of the divergences 
in the results of the two series. Firstly, whereas in the injection experiments salts 
were introduced subcutaneously and rapidly absorbed into the circulation, in 
the dietary experiments much smaller amounts of the relevant ion were slowly 
absorbed from the intestine over a period occupying 2 hours or more. Secondly, 
while two ions only were concerned in the injection experiments, a number of ions 
were being absorbed simultaneously in the dietary experiments, as well as other 
constituents which may themselves exercise important effects. 

These differences do not appear to be of sufficient importance materially to 
affect the relationship existing between the calcium and magnesium of serum, 
which in both series of experiments is inverse. It is noteworthy that the effects of 
the injections have not been as drastic as might be anticipated. In the dietary 
experiments the rises and falls in the serum-calcium corresponded with similar 
rises and falls in the serum-magnesium, whereas in the injection experiments the 
greater and more rapid increase in the concentration of the one ion in the blood 
has produced a fall in the other hardly greater than those seen in strictly physio- 
logical conditions. It is evident that there exist mechanisms whereby the organ- 
ism can resist attempts to lower a blood constituent to an undesirable level. 

When the relations of calcium and magnesium to inorganic phosphorus are 
studied, differences in the results of the two series of experiments are at once 
apparent. Although the injection of phosphate causes a fall in the serum- calcium 
the converse is not observed, since when a calcium salt is injected, the serum- 
inorganic phosphorus is virtually unaffected. The inverse relationship between 
the serum- calcium and Inorganic phosphorus as observed in the dietary experi- 
ments therefore appears to operate in one direction only. The direct relationship 
between magnesium and inorganic phosphorus observed in the dietary experi- 
ments receives no support from the results of the injections, since while the 
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injection of phosphate leaves the serum-magnesium unaffected, the injection of 
magnesium salts depresses the inorganic phosphorus so that the two constituents 
are actually in inverse relationship. 

The lack of reciprocity between calcium and inorganic phosphorus on the one 
hand and between inorganic phosphorus and magnesium on the other which is 
indicated by the results of the injection experiments appears to find an explana- 
tion when the relative concentrations of these constituents in the blood are 
considered. Normally the calcium of serum is more than equivalent to the 
inorganic phosphorus, so that it might be anticipated that, when more phosphate 
was introduced into the blood-stream, combination with calcium would occur 
with the deposition in some suitable site of calcium phosphate and a consequent 
fall in the serum-calcium value. Since calcium is present in excess of inorganic 
phosphorus, it is hardly surprising that the introduction of further calcium 
produces no fall in the inorganic phosphorus. Similarly, the inorganic phosphorus 
of serum is more than equivalent to the magnesium, so that, when more magne- 
sium is introduced, it seems reasonable to expect that some of the magnesium 
will combine with inorganic phosphorus, the disappearance of which from the 
blood will lead to a fall in the serum -inorganic phosphorus. On the other 
hand, the addition of further phosphate when inorganic phosphorus is already 
in excess need hardly be expected to cause a fall in the serum -magnesium. 

The injection experiments suggest that fluctuation of the serum-inorganic 
phosphorus is the chief controlling factor in the calcium -inorganic phosphorus 
relationship observed in the dietary experiments. This is in harmony with the 
explanation suggested by Fraser [1932] who regards the relationship as dependent 
on the periodical liberation of calcium phosphate from the bones. The calcium 
plays a passive role, in that calcium deficiency causes calcium phosphate to leave 
the depots with consequent rise in the serum-inorganic phosphorus value, whereas 
the presence of a sufficiency of calcium in the blood leads to a discontinuance 
of the process, so that the serum-inorganic phosphorus tends to fall. It is obvious 
that the depots must normally be replenished from time to time and it may fairly 
be assumed that a rise in the serum-inorganic phosphorus is instrumental in this 
effect leading to a deposition of calcium phosphate in the bones. Regarded from 
this aspect, the mechanism of the reciprocal relationship might be stated thus: 
A rise in the serum-inorganic phosphorus leads to a fall in the serum- calcium by 
deposition of calcium phosphate in bone, while a fall in the phosphorus value, as 
by excess of excretion over intake, allows liberation of calcium phosphate from 
the bones to proceed with consequent rise in the serum- calcium value. 

SUMMABY. 

1. With a view to confirming earlier observations of the effects of the in- 
organic constituents of diet on the relationships between the concentrations of 
calcium, magnesium and inorganic phosphorus in the serum of the rabbit, solutions 
containing the appropriate ions have been injected subcutaneously and their 
effects on the three constituents compared with those noted previously. 

2. The inverse relationship existing between the concentrations of calcium 
and magnesium in the serum, first observed when rabbits are kept on certain diets, 
has been confirmed by the subcutaneous injection of calcium and magnesium 
salts. 

3. The inverse relationship between the serum- calcium and inorganic phos- 
phorus and the direct relationship between the serum-magnesium and inorganic 
phosphorus is only supported in so far as the injection of disodium phosphate 
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causes a fall in the serum-calcium. The injection of the gluconate, laevulate and 
lactate of calcium has no constant effect on the serum-inorganic phosphorus, nor 
does the injection of phosphate affect the serum-magnesium. The injection of the 
sulphate and lactate of magnesium depresses the serum-inorganic phosphorus, 
and the relationship is therefore the converse of that observed in the dietary 
experiments. 

4. The above findings are discussed in relation to the concentration of 
calcium, magnesium and inorganic phosphorus, normally existing in the blood. 

5. The injection of sodium sulphate depresses the serum-calcium and in- 
organic phosphorus but leaves the serum-magnesium unchanged. 

6. The injection of sodium chloride has no significant effect on the serum- 
calcium, magnesium or inorganic phosphorus. 

7. Small haemorrhages cause a slight temporary depression of the serum - 
calcium. 

The writer wishes to record his thanks to the British Medical Association for 
the award of a Research Scholarship, during the tenure of which the work was 
partly carried out. 
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CL DIRECT FERMENTATION OF MALTOSE 1 , 
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Willstatter designated as C£ direct fermentation 55 of disaceharides the fermenta- 
tion of sugars like sucrose, maltose or lactose without preceding hydrolysis into 
monosaccharides. The assumption of such direct fermentations conflicts with the 
prevailing hypothesis that any glycolysis of polysaccharides must be preceded by 
cleavage of the glucosidic linkages. This classical hypothesis, perhaps first 
formulated by Emil Fischer and Lintner, has been generally accepted, as it seems 
to be supported by ample experimental evidence, such as the correlation of 
fermentability and non-fermentability of carbohydrates by yeasts and other 
micro-organisms with the presence or absence of specific earbohydrases. 

The validity of this theory was questioned by Willstatter and Steibelt 
[1921]. They found that brewer’s yeast generally contained ample maltase 
to accomplish the conversion of maltose in the wort into glucose for subsequent 
fermentation. Table I gives a synopsis of the time required for half fermentation 
and for half hydrolysis of maltose under comparable standard conditions for 
various yeasts studied in this laboratory and including some examples given by 
Willstatter and Steibelt [1921] and Willstatter and Bamann [1926, 1]. Munich 
brewer’s yeast (Lowenbrau) ferments maltose rapidly, but can hycirotyse it still 
faster. With various distiller’s yeasts, the time of half hydrolysis is of the same 
order of magnitude as that of half fermentation, but the maltase content seems 
to be less than sufficient. A third group, comprising yeast M of the Berlin 
Institut fur Garungsgewerbe, Viemia distiller’s yeast, and New York Lager 
yeast, is distinguished by a paradoxical lack of maltase. The amount of maltase 
found is negligible. Although the determination of maltase in such small amounts 
is not very accurate, even the lowest values for half hydrolysis (highest maltase 
values) are many times larger than the time required for half fermentation of the 
same quantity of maltose. The maltase content is far from sufficient to supply the 
zymase with those amounts of glucose necessary, according to the theory, for the 
maintenance of the observed swift development of carbon dioxide and alcohol. 
Willstatter and Oppenheimer [1921-22] observed an analogous discrepancy 
between the fermentation of lactose and the low amount of lactase in a strain of 
S accharomyces fragilis Jorgensen. 

Before discussing various attempts to reconcile these facts with the classical 
theory, one might define “direct fermentation” in the fight of the present know- 
ledge regarding the zymase complex. The absence of disaccharidase, e.g. maltase, 
as shown by the absence of glucose from the fermenting mixture, leads to the 
assumption that the sequence of intermediaries in disaccharide fermentation 
converges at a later stage with that of common hexose fermentation. Thus, we 
may suspect the existence of disaccharide -phosphates and possibly the transi- 

1 Read before the Section of Biological Chemistry at the Semiannual Meeting of the A. Ohem. 
Soc., Chicago, September 1933. 
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tory formation of C 6 — 0-~C 3 or C 3 -0-C 3 derivatives. The eventual cleavage 
of tlie glueosidic linkage in any such molecule could hardly be considered, as 
maltase action. Hie further course of direct fermentation is indicated by 
the dotted arrows in the diagram. 


Maltose 


Maltase 


(indirect fermentation) 


Maltose -phosphate ■ 


(C 6 — 0 — C 3 ) or (C 3 — 0 — C 3 )» 


Glucose 


- Zymo -phosphate 


(O a ) 

I 

I 

C 2 H 5 QH + C0 2 


In order to preserve the classical conception, it may be argued, (1) that the 
competitive inhibition by glucose, the product of hydrolysis, impairs maltase 
action in the maltase determination, in contrast to conditions during fermenta- 
tion when the product of hydrolysis is constantly removed ; (2) that the hydrolytic 
enzyme is regenerated during fermentation; (3) that in these paradoxical cases 
the method of maltase determination fails to give the full value of maltase 
activity. The maltase might be present, but not in an extractable form; the active 
group of the maltase might even be linked with the same colloidal carrier as that 
component of the zymase system which initiates glucose fermentation, and the 
glucose molecule would be handed over by a conveyor-like mechanism from 
the maltase to the zymase without the possibility of glucose being detected or 
isolated. While such a mechanism would still fall under the definition of direct 
fermentation, positive proof for it could only be adduced again by the separation 
of such a “malto-zymase 55 into maltase and zymase. 

Point (1) can easily be refuted since the affinity of glucose for maltase is 
quantitatively known ; thus, the inhibitory effect of the monosaccharide on the 
enzyme can be evaluated and shown to be of no consequence in comparison with 
the observed divergencies. Point (2) was raised by Euler and Brunius [1926], when 
Willstatter and Lowry [1925], and Willstatter and Bamann [1926, 1] succeeded 
in demonstrating direct fermentation of sucrose and of maltose with yeasts 
depleted of the respective disaccharidases by treatment with mineral acid or 
alkali hydroxide. Sucrase determination after fermentation sometimes showed 
increments, but not sufficient to account for the rate of fermentation. In some 
instances, e.g, in the case of a lactose-fermenting yeast, the enzyme content after 
fermentation was just as low as before fermentation. No galactosazone, but only 
lactosazone, could be isolated from a partially fermented lactose solution. A 
further contribution by Willstatter and Bamann [1926, 2] showed that even yeasts 
rich in maltase will ferment without antecedent hydrolysis at 5, at which 
maltase is practically inactive whilst fermentation proceeds at an optimum rate. 

The authors feel that this problem forms a part of the general question, 
whether the metabolism of high-molecular compounds follows exclusively those 
patterns presented by the action of non-specific laboratory reagents such as acids 
and alkalis. The following report includes unpublished observations on yeast M 
made by one of us in 1921 under the direction of Prof. R. Willstatter [Sobotka, 
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1922], and a series of experiments with a peculiar yeast which was very kindly 
supplied by Mr Leo Waller stein. 

Yeast M of the Berliner Institut fiir Garungsgewerbe, recommended for the 
fermentation of molasses, is, according to German authors, a mixture of five 
strains of yeast, among them yeasts II and XII. This statement is hardly in 
agreement with the fact that yeasts II and XII have maltase values of 1*3 and 
4-6, while no sample of yeast M ever contained more than 04 maltase units per g. 
Samples of yeast M of maltase values 0*1-0-05 fermented maltose almost as fast 
as glucose, except, under the chosen conditions, for a peculiar period of induction 
of about two hours. Such prolonged inductions have never been observed with 
live yeast, whilst they are familiar with dry yeast and yeast juice fermentations 
[Sobotka, 1924]. Contact of the yeast with maltose solution abolishes induction, 
but even a prolonged stay of the yeast hi a maltose medium and frequent renewal 
of maltose failed to enhance the maltase content of the yeast, while its fermenting 
power for maltose reached that for glucose during this maltose treatment. 

The possibility of maltase formation during maltose fermentation was ex- 
cluded in the following experiment. A maceration juice prepared according to 
Lebedev [1912] from an air-dried brewer’s yeast, rich in maltase, contained 
exactly the same amount of maltase as the fresh yeast from which it was derived. 
A maceration juice from dry yeast M corresponded in its poor maltase content 
with fresh yeast M, whilst it fermented maltose. This observation supports the 
assumption of direct fermentation, as it excludes regeneration of maltase during 
fermentation, which is inconceivable in the cell-free juice. It also corroborates 
the soundness of the maltase determination with ethyl acetate on fresh yeast, as 
any cell-bound enzyme, which might have escaped that determination, should 
have been liberated during maceration. 

Proof that the “ inalto- zymase 53 is not only free from a maltase component but 
actually follows a different initial path from “glueo-zymase” was obtained with 
the yeast from the Wallerstein Laboratories. This strain is distinguished by its 
ability to live, to ferment and to propagate at the rather acid p H 2*5. This yeast 
is free from maltase both at _p H 2-5 and at p H 6*5, the optimum for the action of 
yeast-maltase. None the less, it speedily ferments maltose or malt extract media, 
and, in several experiments, the rate of maltose fermentation exceeded that of 
glucose fermentation. These observations can be interpreted only on the 
assumption of direct fermentation of maltose. 

Experimental. 

Determination of maltase value and maltase units. Willstatter et at. [1924] 
defined as Maltase Unit (m.tt.) that amount of enzyme which hydrolyses 2*5 g. 
maltose hydrate in 56 ml. of a phosphate buffer solution of $> H 6*8 at 30° to the 
extent of 56 % within one minute. A yeast has the Maltase Value (m.v.) = 1 if it 
contains 1 m.tt. in 1 kg. dry substance. 

The M.v. is usually estimated in the following manner. After the dry weight 
of the yeast has been determined, an amount equivalent to 2*5 g. dry yeast, 
usually about 10 g. fresh yeast, is liquefied with 1 ml. ethyl acetate, following the 
procedure of Willstatter and Steibelt [1920]. After cautious neutralisation with 
a suitable amount of N/10 ammonia, the solution is made up to 50 ml.; 40 ml. 
of this are added to 50 ml. of a 10 % maltose hydrate solution plus 5 ml. of Mj 3 
phosphate buffer (equal parts of Mj 3 KH 2 P0 4 and Na 2 HP0 4 ) and made up to 
100 ml. Samples of 25 ml. are withdrawn at appropriate intervals, e.g. 10, 20 and 
40 minutes, and the action of the enzyme is interrupted by running the sample 
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into 5 ml. of a 2 A Na 2 C0 3 solution, which at the same time catalyses complete 
mutarotation of the products of hydrolysis [Hudson, 1908]. The samples are clari- 
fied by filtration, if necessary with addition of charcoal. The rotation in a 2 dm. 
tube of the clarified solution will be found to be + 10-80° for a sample taken 
immediately after addition of the enzyme, and + 4-40° after complete hydrolysis. 
Thus, percentage hydrolysis can be determined and the time for 50 % hydrolysis 
can be interpolated by means of the typical reaction curves [see Bamann, 1929]. 

If 50 % hydrolysis is accomplished, e.g. in 70 minutes, 50 ml. of the reaction 
mixture, equivalent to 1 g. dry yeast, contain 1/70 M.rr. Thus, the m.v. of this 
yeast would be 1000/70 = 14-3. 

Fermentation of sugars can be measured in a similar way. 20 ml. of a 5 % 
sugar solution, saturated with carbon dioxide, are fermented with fresh yeast 
equivalent to 0-2 g. dry yeast, and the carbon dioxide developed is measured, 
preferably over mercury. The amount of carbon ' dioxide developed under 
760 mm. Hg pressure and 30° is 282 ml. The time within which half this amount 
is .liberated can be correlated with the time of half hydrolysis under the condi- 
tions of the maltase determination, which are all identical except that the double 
amount of yeast is employed. The values for half fermentation of maltose, given 
in Table I, were obtained by this procedure. 


Table I. Fermentation and hydrolysis of maltose by various yeasts . 


Yeast 

Time of half 
fermentation 
mins. 

Time of half 
hydrolysis 
’ mins. 

Maltase 

value 

Munich brewer’s 

80 

60 

33-3 

Danish distiller’s 

255 

320 

6-2 

XII, distiller’s 

205 

300-760 

G-6-2-6 

New York baker’s 

600 

400-900 

5-0-2-2 

New York ale 

— 

900 

2-2 

Rhine wine 

— 

500-640 

4-0-3- 1 

New York lager 

460 

4,000 

0-5 

Munich brewer’s, acid-treated 
Frankenthal distiller’s 

170 

4,000 

0*5 

240 

50,000 

0*04 

V ienna-Stadlau distiller’ s 

1200 

8,000-25,000 

0*25-0-08 

M, distiller’s 

480 

5,200-16,000 

0*38-0-12 

A, grown at p K 2*5 

800 

40,000 

0*05 


Induction 'period . Yeasts poor or lacking in maltase ferment maltose, as 
a rule, only after a delay of 10 minutes to 3 hours under the above conditions. 
After this induction period which lasts from 2 to 3 hours with yeast M, the 
development of carbon dioxide soon reaches the linear course typical for alcoholic 
fermentation. If this period of induction is subtracted from the time of half 


Table II. Fermentation of glucose and maltose by yeast M . 


Original sample (1. vii. 21) 
After glucose passage 
After 1 maltose passage 
After 2 maltose passages 
Same, 5 times washed 

Original sample (22. vii. 21) 
After maltose passage 


Time for half fermentation 

Corrected 
time for half 

Glucose 

Maltose 

Induction 

fermentation 

mins. 

mins. 

mins. 

mins. 

200 

380 

120 

260 

270 

390 

110 

280 

250 

280 

none 

— 

240 

255 

none 

— , 

205 

335 

none 

— 



390 

85 

305 

210 

220 

none 

— 
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fermentation in the case of yeast M, it is found that the maltose fermentation, 
once it lias started, proceeds at the same rate as glucose fermentation. If fresh 
yeast M is carried through one or two passages in diluted malt extract, the 
induction period disappears. Maltase determinations in yeast M, after maltose 
treatment had eliminated the induction period, still yielded values of 9000 and 
17,000 minutes as time for half hydrolysis. Analysis of reaction mixtures at the 
end of the induction period proved the absence of glucose. 

Maltase determination in maceration extract. Maceration extract [Lebedev, 
1912] was prepared in the following manner. Yeast was dried in a 2 mm. layer 
between 30° and 40°. One part of dry yeast was incubated at 30° for 4 hours 
with three parts of water. Three ml. of clear juice, isolated by centrifuging, 
corresponded to 1 g. dry yeast. Three or six ml of juice were used in a total 
volume of 100 ml. buffered solution containing 5 % maltose ; fermentation was 
effectively prevented by the addition of 5 ml. ethyl acetate. The figures given in 
Table III show that fresh maceration extract from brewer’s yeast contains an 


Table III. Maltase determinations in fresh yeasts and maceration extracts . 



Pn == 

Dry yeast 
equivalent 

6*8, t = 30° 

Time 

Decrease in 
rotation 

O' 

A) 

Time of half 
hydrolysis, 
calc, for 1 g. 
drv yeast in 
100 ml. 


g./lOO ml. 

min. 

(1 = 2 dm.) 

hydrolysis 

min. 

Lowenbriiu yeast 

2*0 

40 

2-80° 

43*8 

56 

— 

80 

3*72 

58*2 

56 

Lowenbrau, maceration 

3*33 

40 

4-14 

64*7 

63 

extract, 10 ml. 

Same, after 24 hours, 6 ml. 

2*0 

30 

1*74 

27*2 

235 


— 

65 

2*52 

39*4 

235 


— 

120 

3*25 

50*8 

330 

Yeast M 

2*0 

160 

0*25 

3*9 

7000 

Same 

2*0 

450 

1*00 

15*6 

5200 

Yeast M, maceration 

2*0 

1200 

1*92 

30*0 

7800 

extract, 6 ml. 

Same, after 24 hours, 

2*0 

91 

0*10 

1*6 

14,000 

6 ml. 

— 

132 

0*18 

2*9 

13,300 


amount of maltase identical with that found in the fresh yeast. It deteriorates 
like other enzymes in maceration extract rather rapidly. On the other hand, 
a fresh extract made from dried yeast M contained minute amounts of maltase 
only, of the same order of magnitude as the fresh yeast. 

Yeast A. The yeast obtained from Mr Wallerstein, briefly designated yeast A, 
grows in a 10 % solution of malt extract the of which is brought to 2*5-2* 8 
by addition of 0*8 volume % concentrated sulphuric acid. No maltase was found 
in this yeast when it was tested either at p H 6*5 or at 2*5. However, it 
fermented both maltose and glucose. 

Fermentation was carried out in a Bar croft- Warburg apparatus, both in 
oxygen and in nitrogen, and the rate of carbon dioxide development was 
measured. This varied between 100 and 250 mm. 3 /30 minutes, when an amount 
of fresh yeast equivalent to 4 mg. dry yeast was allowed to act on 50 mg. sugar 
in a total volume of 2 ml. Mj 20 primary phosphate solution. A comparison 
between maltose and glucose fermentation showed no significant difference 
between the two sugars. However, with one batch, the fermentation of maltose 
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was definitely faster than that of glucose. 208 mm. 3 carbon dioxide were de- 
veloped from maltose in thirty minutes as compared with 161 iron. 3 from glucose 
under anaerobic conditions; under aerobic conditions the figures were 129 mm. 3 
for maltose and 73 mm. 3 for glucose. 
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CII. THE RELATION OF INTERMEDIARY META- 
BOLIC PRODUCTS TO ARGINASE ACTIVATION. 


By ARNULF PURR and LEOPOLD WEIL. 

Gamer Research Laboratories , University of Pennsylvania Graduate School 

of Medicine , Philadelphia , Pa. 

(Received February 16th , 1934.) 

The eatlieptic enzymes, which are concerned with proteolysis in animal tissue, 
undergo activation when treated with certain substances, such as HON or H 2 S. 
These characteristic activation phenomena became of increased physiological 
interest with the discovery of the occurrence in tissues of natural activators, as 
for example, zookinase [Waldschmidt-Leitz et ah, 1930], which has been shown 
by Waldschmidt-Leitz and Purr [1931] to be identical with reduced glutathione. 
The same activator has been described by Grassmann et al. [1931] for the plant 
proteases (papain, bromelin and yeast-proteinase). In later experiments it was 
established [Waldschmidt-Leitz, Scharikova and Schaffner, 1933] that arginase, 
another enzyme concerned with intermediary protein metabolism, is also 
activated directly by metal complexes of SH compounds, for example, by 
reduced glutathione and ferrous or cuprous ions. 

The interpretation of these activations as a specific function of the sulphydryl 
group [Waldschmidt-Leitz, Weil and Purr, 1933] cannot be considered as valid, 
for we have found that other types of substances, as for example, ascorbic 
acid-Fe 5 *, metkylglyoxal-Fe^, and alloxan-Fe^ exercise the same activating 
effect on arginase as is obtained with the sulphydryl- Fe“ system (see Tables V, 
II and I). These newly demonstrated activators however possess in common the 
property of forming reversible redox systems. The hypothesis of a connection 
between arginase activation and the oxidation-reduction potential, for the 
establishment of which oxygen [Waldschmidt-Leitz, McDonald et al ., 1933] or 
hydrogen [Edlbacher et al 1933] is necessary, is in harmony with the experi- 
mental findings and accounts for the activations observed with the above- 
mentioned compounds. 

Investigations reported by various writers during the past year have shown 
that in general these oxidations and reductions are regulated by reversible 
redox systems, which in the presence of available oxygen or hydrogen show 
variable potentials. Of significance to the investigation is the fact that the 
potential is determined not by the total amount of the system present but only 
by the ratio of the reduced to the oxidised phase. The total amount acts to a 
certain extent however as a buffer. With a constant ratio of reduced form to 
oxidised form, it is apparent that the redox potentials will vary also with the 
Ph* With increasing alkalinity they become more negative (more intense), and 
with increasing acidity, less negative (less intense). The particular physiological 
significance of such biological oxidations and reductions is dependent on the 
one hand on the assumption of a capacity to absorb such reduction potential 
(specificity) and on the other hand on the intensity of such potential. It will 
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thus be necessary, in enzyme activations, to distinguish, between a specificity 
factor, and an intensity (activation) factor, which latter is known to be influenced 
by Ph is responsible for the attainment of the full activity of enzymes. 



Cysteine-iron (Fe~). — • — Cysteine. 

Bivalent iron. Ascorbic acid -iron (Fe* 8 ). 

From the curves (Fig. 1) which represent the experiments with Fe^, cysteine, 
cysteine- Fe = and ascorbic acid~Fe = , it is clear that the optimum development of 
the intensity factors of arginase, which is the development of the full activity, is 
dependent, as previously mentioned, on the p H . Thus one obtains, by shifting 
the y> H to the alkaline side, the same activation intensity optimum as is ob- 
tained at neutral reaction by the addition of bivalent iron. While cysteine in 
acid medium is indifferent or even inhibiting, bivalent iron shows, to a less 
extent, the opposite picture. Bivalent iron therefore acts in a certain sense as a 
p H buffer with respect to the development of the specific intensity potential 
which is required by the arginase, and it may also act in the same way in the 
organism. With ascorbic acid-Fe = , the activation intensity optimum is shifted 
still more to the acid side than is the case with cysteine -Fe^. In agreement with 
these results, Hill and Michaelis [1933] have found that the potential developed 
in the system alloxantin-Fe = is also dependent on the p n , the bivalent iron 
apparently being a determining factor. 

In a previous communication [Purr, 1933] an activation of arginase by 
ascorbic acid-Fe^ was reported. In connection with this finding, the question 
was raised as to what extent other intermediary metabolic products exert a regu- 
lating effect on intracellular enzymic syntheses or hydrolyses. The experiments 
here reported, which have been carried through from this point of view, have 
shown that the activation mechanism of this enzyme is probably connected with 
a specific oxidation-reduction potential, and is not due simply to a specific effect 
of the SH group. 
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Experimental. 

The activation of arginase . 

The organs studied were rat liver and transplantable rat sarcoma, Phila- 
delphia l 1 . Immediately after extirpation these tissues were cut up with 
scissors and frozen by dipping into liquid nitrogen, then pulverised by crushing 
with a hammer. This finely crashed material was suspended as follows : cancer 
(Philadelphia ff 1 rat sarcoma) in 90 % glycerol (1: 10); rat liver in 90 % 
glycerol (1 : 10) ; glycerol extract from liver acetone-ether dry preparation 

Table I. The effect of alloxan , allantoin, alloxantin and uric acid . 

The enzyme was activated by 0*5 nil. 0-1 N PeS0 4 or 20*0 mg. alloxan, 20*0 mg. allantoin, 
20*0 mg. alloxantin, 20-0 mg. uric acid, respectively. p H 7. 


Enzyme 


Activator system 

t 

Liver acetone-ether 
drv preparation 
(ml. 0*02 N H 2 S0 4 ) 

Rat liver suspension 
(ml. 0*02 A T H 2 SQ 4 ) 

Cancer suspension 
(Philadelphia ff 1 
rat sarcoma) 
(ml. 0*02 N H 2 SG 4 ) 

Initial activity 

6*8 

7*0 

2*3 

Fe= 

14*6 

6*4 

3*3 

Cysteine 

7*1 

8*1 

5*8 

Cysteine -Fc® 

20*4 

15*2 

7*9 

Alloxan 

8*4 

— 

3*2 

Alloxan-Fe = 

19*3 

— 

8*0 

Allantoin 

8*6 

— ' 

— 

Allantoin-Fe^ 

15*4 

— 

— 

Alloxantin 



7*9 

— . 

Alloxantin-Fe = 

— 

9*6 

— 

Uric acid 

6*2 

— 

— . 

Uric acid-Fe^ 

11*6 

— 

— 


Table II. The effect of methylglyoxal , pyruvic acid and d -lactic acid. 


The enzyme was activated by 0*5 ml. 0-1 N FeS0 4 or 16*0 mg. methylglyoxal, 
20*0 mg. pyruvic acid, 20-0 mg. d-lactic acid, respectively. 7. 

Enzyme 


Cancer suspension (Philadelphia ff I 
rat sarcoma) (ml. 0*02 N H 2 S0 4 ) 


Activator system 

Rat liver suspension 
(ml. 0*02 N H 2 S0 4 ) 

No. 1 

A 

No. 2 

Initial activity 

7*0 

7-7 


3*4 

Fe= 

6*4 

7*6 


4*7 

Cysteine 

8*1 

10*8 


4*3 

Cysteine-Fe = 

15*2 

10*8 


8*2 

Methylglyoxal 

— 

2*0 


4*0 

Methylglyoxal - Fe = 

— 

18*6 


7*7 

Pyruvic acid 

7*1 

— 


— 

Pyruvic acid-Fe^ 

6*3 




— 

d-Lactic acid 

6*2 






d -Lactic acid-Fe = 

6*7 

— 


— 


1 The pathological description of this transplantable rat sarcoma, Philadelphia 1, can be 
found in the article “Ueber die Enzyme in Tumoren,” by Waldschmidt-Leitz, McDonald et al. 
[1933]. 
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(1 : 10). The amounts used were : 5-0 ml. cancer suspension ; 0-25 ml. liver suspen- 
sion; 0-5 ml. extract of acetone-ether dry preparation. For activation 2-0 ml. 
neutral cysteine-HCl solution (containing 20 mg. eysteine-HCl) or 0-5 ml. 
0-1 V FeS0 4 , respectively, were added to the enzyme and allowed to stand 
1 hour at p n 7 at 30*\ 10 ml. of 1 % arginine carbonate and 5-0 ml. 0-1 M 
glycine buffer of p^ 9-5 were then added and the reaction mixtures allowed to 
stand 60 minutes at 30°. 

Results are shown in ml. 0-02 N H 2 S0 4 , as is customary. 


Table III. The effect of thiolacetic acid. 

The enzyme was activated by 0*5 ml. 0*1 N FeS0 4 or 
20*0 mg. thiolacetic acid, respectively. 7. 


Activator system 

Initial activity 
Fe= 

Cysteine 
Cysteine-Fe = 
Thiolacetic acid 
Thiolacetic acid-Fe^ 


Enzyme. Cancer suspen- 
sion (Philadelphia^ 1 
rat sarcoma) 

(ml. 0*02 N H 2 S0 4 ) 

6*0 

10*5 

8*1 

14*5 

6*8 

12*5 


Table IV. The effect of bivalent iron in complex combination. 

(Potassium ferrocyanide, Fe = -dimethylglyoxime and aa'-dipyridyl 1 .) 

The enzyme was activated by 20*0 mg. potassium ferrocyanide ; 20*0 mg. dimethylglyoxime; 
5 mg. dipyridyl; (A) after 1 hour’s standing with dipyridyl, FeS0 4 was added and the mixture 
allowed to stand another hour, p H 7; (B) the same with cysteine instead of FeSD 4 ; (C) the same 
with cysteine-Fe = ; (D) after 1 hour’s standing with dipyridyl, and another after addition of 
FeS0 4 , cysteine-Fe = was added and the mixture allowed to stand an additional hour. 

Enzyme 


Liver acetone-ether Rat liver 
dry preparation suspension 

(ml. 0*02 N H 2 S0 4 ) (ml, 0*02 N H 2 SG 4 ) 

6*8 7-0 

14*6 6*4 

7*1 8*1 

20*4 15*2 

3*6 — 

3*3 — 

8*3 — 

— 6*2 

— 1*0 

— 5*0 

— 14*4 

— 3*0 

From these figures it is evident that ferrous compounds in their rdle as activator for arginase 
are not interchangeable with bivalent iron in complex combination. It is also shown that 
ferrodipyridyl (A) inhibits irreversibly the action of arginase. 

1 The authors wish to thank Dr L. Michaelis, of the Rockefeller Foundation for Medical 
Research, for his kindness in supplying the aa'-dipyridyl. 


Activator system 

Initial activity 
Fe= 

Cysteine 
Cysteine -Fe = 

Potassium ferrocyanide 
Dimethylglyoxime 
Dimethylglyoxime-Fe = 
aa'-Dipyridyl 

(A) 

(B) 

(C) 

(D) 
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Table V. The effect of p H (specificity of activation). 

The enzyme was activated by 0*5 ml. 0*1 A" FeSQ 4 or by 20 mg. cysteine -HC1 or 16 mg. 
ascorbic acid (“chinoiiv' 5 ) respectively, and allowed to stand 1 hour at p H 5*0, 5*5, 6*2, 7*0, 8*7, 
9*5 at 30° (the p a was controlled). The activation of arginase was determined as usual at p R 9*5. 
(Enzyme influence in ml. 0*02 A T H a S0 4 .) 

Enzyme. Eat liver suspension 


i'n ■ 

5*0 

5*5 

6*2 

7*0 

8* t 

9*5 

Activator system 

Initial activity 

— 

— 

— 

4*7 

— 

— 

Fe“ 

6*2 

6*4 

6*0 

5*1 

4*0 


Cysteine 

4*5 

— 

— - 

6*9 

9*4 

6*7 

Cysteme-Fe~ 

7*7 

— 

— 

9*1 

5*7 

— 

Ascorbic aeid-Fe 8 * 

7*5 

— 

8*8 

8*0 

5*4 

~~ 

Increase in activation 

Fe- 

1*5 

1*7 

1*3 

0*4 

-0*7 

— 

Cysteine 

0*2 

— 

— 

2*2 

4*7 

2*0 

Cysteine -Fe“ 

3*0 

— 

— _ 

4*4 

1*0 

— 

Ascorbic acid-Fe~ 

2*8 

— 

4*1 

3*3 

0*7 

— 


Summary. 

It has been shown that various intermediate products of metabolism, in 
combination with ferrous iron, are able to activate arginase. The activation 
mechanism of this enzyme is probably connected with a specific oxidation- 
reduction potential and is not due simply to a specific effect of the SH group. 

We wish to express our thanks to Doctor Ellice McDonald, Director, for his 
interest and support throughout this work. 
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OIL PYRUVIC ACID IN THE DISSIMILATION OF 
GLUCbSE BY THE PROPIONIC ACID BACTERIA 1 . 

HARLAND GOFF WOOD and CHESTER HAMLIN WERKMAN. 

Department of Bacteriology , Iowa State College , Ames. 

(Received February 22nd, 1934.) 

Although Van Niel [1928] postulated that pyruvic acid is formed during the 
dissimilation of glucose by the propionic acid bacteria, the keto-acid has never 
been identified as an intermediate product. Van Niel assumed that pyruvic acid 
hydrate was formed and subsequently dehydrogenated to yield acetic acid, 
carbon dioxide and two atoms of hydrogen, the latter serving to reduce suitable 
hydrogen acceptors such as methylglyoxal to propionic acid. 

CH 3 .C(OH) 2 .COOH -> CHgCOOH + C0 2 -f 2H (1). 

This assumption was necessitated by the failure to demonstrate the con- 
version of acetaldehyde into acetic acid or the presence of acetaldehyde itself 
during the fermentation of glucose by the propionic acid bacteria, although 
acetaldehyde would be a normal product of the decarboxylation of pyruvic acid. 

By assuming a dehydrogenation of pyruvic acid hydrate, the absence of 
acetaldehyde is accounted for. 

Van Niel based his conclusion of the presence of pyruvic acid largely upon its 
ease of fermentation by the propionic acid bacteria with formation of propionic 
acid, acetic acid and C0 2 in substantially theoretically correct proportions. 

Actual proof of the intermediate formation of pyruvic acid from glucose by 
propionic acid bacteria would evidently lend considerable support to Van NieFs 
theory of dissimilation of glucose by these organisms. 

In the present communication we offer such proof in the form of the isolation 
and identification of pyruvic acid in the fermentation of glucose by Propioni- 
bacterium arabinosum . 

Experimental. 

The culture of Propionibacterium arabinosum, used in this study was kindly 
furnished by Dr E. R. Hitchner of the University of Maine and was described in 
detail by Workman and Brown [1933]. 

The fermentations were carried out in a medium of Bacto yeast extract 
0*5 %, glucose 2*0 % , and calcium carbonate 2 % . Either sodium bisulphite 
(0*5 %) or calcium sulphite ( 1*0 %) was included in the medium as a fixative. 
Constituents of the medium were sterilised separately and mixed. A number of 
500 ml. flasks each containing 300 ml. of medium were prepared and the 
fermentations carried out anaerobically by bubbling oxygen-free nitrogen 
through the medium. The inoculum was a five-day culture of the organism in 
glucose yeast extract broth added in quantity equivalent to 5 % by volume of 


1 Supported by Industrial Science Research. Funds of Iowa State College. 
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the medium. Incubation was at 30°. Growth was luxuriant and the glucose was 
completely utilised by the tenth day of fermentation. The cultures were proven 
pure by microscopic examination and colony formation in shake tubes and on 
agar plates. 

Both the sodium bisulphite and the calcium sulphite were effective in fixing 
pyruvic acid. The results were substantially similar with the two fixatives. The 
following experiment is typical. Tests for acetaldehyde following distillation of 
the medium according to the method of Peterson and Fred [1920] were negative. 
Upon addition of 2 : 4-dinitrophenylhydrazine to the medium an abundant 
precipitate was obtained which was dissolved in sodium carbonate solution and 
reprecipitated by acidification. After purification of the 2 ; 4-dinitrophenyl- 
hydrazine precipitate, the melting-point was 212 * 0 °; a mixture with authentic 
pyruvic acid 2 : 4-dinitrophenylhydrazone (m.p. 213° [of. Allen, 1930]) melted 
at 212°. 

A p-mtrophenylhydrazone was likewise prepared from the fermentation 
solution; it had m.p. 218*5° alone and 218*5° when mixed with authentic pyruvic 
acid p-nitrophenyihydrazone (m.p. 219°). 

Discussion. 

This identification of pyruvic acid in the fermentation of glucose by 
Propionihacteriwm orabinosum supports the scheme of glucose dissimilation pro- 
posed by Van Mel. The facts that pyruvic acid is fixed during the fermentation 
and that no acetaldehyde can be detected do not indicate a decarboxylation of 
pyruvic acid. Carboxylase is reported by Neuberg and Reinfurth [1920] to act 
upon the bisulphite addition compound of pyruvic acid to form the acetaldehyde 
bisulphite compound, so that in the presence of carboxylase, fixation of pyruvic 
acid by sulphite should not prevent simultaneous formation of acetaldehyde. 
Isolation of pyruvic acid was successful in the present case, apparently owing to 
the inability of P. arabinosum, to decarboxylate the pyruvic acid bisulphite com- 
pound which is not itself subject to hydration and subsequent dehydrogenation 
as is pyruvic acid. 

The reason for the reported failure of Virtanen [1923] to secure growth of 
the propionic acid bacteria in the presence of sulphite is not apparent. 

The authors found no account in the literature of a similar isolation of 
pyruvic acid from a sulphite -containing culture of actively proliferating bacteria, 
although Cook [1930] identified pyruvic acid in a fermentation by resting Bad. 
coli using NaHSO s as a fixative. This fact may well be the result of the unusual 
mechanism of the dissimilation of glucose brought about by the propionic acid 
bacteria in which acetaldehyde does not occur as an intermediate product. 
This mode of formation of acetic acid and carbon dioxide from pyruvic acid 
explains their formation in the ratio of 1 : 1, a ratio that the authors have not 
been able to alter. 

With regard to the mode of formation of the pyruvic acid from glucose, the 
evidence is fragmentary ; possibly pyruvic acid arises from the dehydrogenation 
of methylglyoxal hydrate or lactic acid. The latter substance probably occurs as 
an intermediate only under certain conditions when it is formed as a stabilisation 
product. Its occurrence has been frequent in large fermentations conducted in 
this laboratory. 



METABOLISM OF PROPIONIBA CTERIUM 


74 7 


Summary. 

Pyruvic acid lias been isolated by fixation with sulphite in the fermentation 
of glucose by Propionibacterium arabinosum . 

Acetaldehyde lias not been detected in these experiments by the sulphite 
fixation method. 

The scheme proposed by Van Niel for the intermediate breakdown of pyruvic 
acid is shown to be in agreement with experimental results. 
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CIV. STUDIES ON THE KINETICS OF 
HAEMOLYTIC SYSTEMS. 

V. A FURTHER INVESTIGATION OF THE INHIBITION 
PRODUCED BY PLASMA AND SERUM. 

By ERIC PONDER and ALBERT SAUL GORDON. 

From Washington Square College , New York University . 

(. Received February 23rd, 1934.) 

If a quantity of plasma or serum is added to a haemolytic system containing a 
quantity e x of a lysin such as saponin or one of the bile salts, the time t 2 required 
for complete lysis is longer than the time t x which would be required if the 
quantity c x were to act in the absence of the added plasma or serum. It seems, 
indeed, that a quantity of lysin A is rendered inactive by the plasma, the 
remainder of the lysin, c 2 , producing lysis in the time U > t x . The problem is to 
find a simple and satisfactory relation between the variables. 

One of us attempted to do this in 1923 [Ponder, 1923], and influenced by the 
idea that plasma-proteins might “adsorb 55 some of the lysin, sought a relation 
between A, the amount “adsorbed, 55 and c 2 , the amount left free. These two 
quantities were found to be related by an expression not unlike the adsorption 
isotherm, A=ac> (1), 

where oc and p are constant, provided that any one amount of plasma M is used 
as the inhibitor. Plotting log A against log c 2 thus resulted in a straight line 
with a slope of 1/p,, but when the value of M was varied, p was found to vary 
from about 3*5 when M was 0*04 ml. to about 0*035 when M was 0*00125 ml. 
The straight lines corresponding to various values of M accordingly cut one 
another: “an impossible state of affairs” [Ponder, 1925]. 

This difficulty was in part overcome in 1925 by the observation that the 
curves obtained by plotting A against c 2 do not pass through the origin, but cut 
the c 2 axis at different levels. To allow for this, expression (1) was re-written 

A = oc (c 2 — A) 1 /^ .(2), 

where K is the intercept on the c 2 -axis just referred to. The plotting of log A 
against log (c 2 — K) now resulted in a series of parallel straight lines with 
p = 1*75 : this is a much simpler state of affairs, offset, however, by the fact that 
no good explanation was forthcoming either for the existence of K or for the 
fact that K was found to vary with M in a quite inexplicable way [Ponder, 1925]. 

In view of this new difficulty, and in view of the possibility that the premises 
underlying the analysis might be altogether wrong, a very rigorous test was 
applied [Ponder, 1932]. If the effect of the added inhibitor is to render lysin 
inert, and not to interfere with the haemolytic reaction in any other way, we 
must have the following relations fulfilled, 

a 2 /a 2 =i 

= q ■ 1 *2cg 

A >2 := ~ C] 1 * 2c 3 


and 


(3) 
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where c t is the initial amount of lysin in the system containing the plasma, 
c 3 the quantity apparently left free after some of the lysin A 2 has been rendered 
inert as judged by the time required for complete haemolysis, and c 2 the 
quantity left free after some of the lysin A x has been rendered inert, as judged by- 
the time required to produce 50 % (or any other percentage) haemolysis. It was 
found that this condition was very exactly fulfilled, and so the hypothesis that 
the plasma inactivated lysin without interfering with the other properties of the 
system was supported by evidence not easy to set aside. 

The present situation is therefore very unsatisfactory. The assumption that 
the plasma reacts with the lysin so as to render some of it inert is apparently 
sound, but the relation between A and c 2 cannot be left as it stands, for either we 
have to explain the variation of yu with M , or we have to introduce a third con- 
stant K, itself a function of M , and devoid of physical meaning. The following 
investigations will therefore be divided into three parts. 

1. Eemembering that all previous analyses have been based on data 
obtained by plotting “short 55 time-dilution curves, we shall show that essentially 
the same relations result from analysing data based on the more accurate £e long ” 
time-dilution curves [see Ponder and Yeager, 1930]. 

2. We shall show that the order of the fundamental reaction between cell and 
lysin is not changed as a result of the presence of the inhibitor, i.e. we shall con- 
firm by independent means the result of the test contained in expression (3). 

3. Abandoning the idea of an “ adsorption, ” we shall seek a relation between 
A and c x . This will be found to involve the constants a, /x and K, hut the last 
mentioned will be assigned an obvious physical meaning, and it will be shown 
that fi is independent of the amount of inhibitor used. In this way the problem 
will be solved in terms of a single expression, which, although empirical, has a 
real physical significance. It will further be shown that we are now able to 
predict, in a qualitative sense at least, the changes which are observed in the 
amount of inhibition when the number of cells in the systems is varied. 


Saponin plus 0-02 ml. 
sernm 


Saponin plus 0*16 ml. 
serum 


Saponin phis 0-01 mb 
serum 


Saponin plus 0-006 ml. 
serum 


Saponin plus 0-004 ml. 
serum 
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Table 

I. 





Cl 

t 

§2 


A 

30,000 

66-7 

4-0 

62,000 

32-4 

34-3 

35,000 

57-1 

10-2 

75,000 

26-6 

30*4 

40,000 

50-0 

30-0 

87,000 

23-0 

27-0 

45,000 

44-5 

90-0 

99,000 

20-2 

24*3 

30,000 

66-7 

2-5 

54,000 

36-7 

30*0 

40,000 

50-0 

11-0 

78,000 

25-6 

24-4 

45,000 

44-5 

26-0 

86,000 

23-2 

21-3 

50,000 

40-0 

120-0 

101,000 

19-8 

20*2 

35,000 

57-1 

3-5 

56,000 

35-7 

21-4 

40,000 

50-0 

5-1 

66,000 

30-3 

19*7 

45,000 

44-5 

9-0 

76,000 

26-3 

18-2 

50,000 

40-0 

16-0 

84,000 

23*8 

16-2 

55,000 

36-3 

37-0 

89,000 

22-4 

13*9 

40,000 

50-0 

2-6 

55,000 

36-3 

13*7 

50,000 

40-0 

6*1 

72,000 

27-8 

12*2 

55,000 

36-3 

11-0 

79,000 

25*3 

10*7 

60,000 

33-3 

26-0 

86,000 

23*2 

10*1 

65,000 

30-3 

48-0 

91,000 

22*0 

8*0 

45,000 

44-5 

3-5 

56,000 

35*7 

8-8 

50,000 

40-0 

4*5 

63,000 

31*8 

8*2 

55,000 

36-3 

7-0 

70,000 

28*6 

7*7 

60,000 

33-3 

10-5 

77,000 

26*0 

7*3 

65,000 

30-3 

40*4 

89,500 

23*7 

6*6 
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Data for “long” time-dilution curves. 

These are presented in Table I, and arranged in exactly the same way as in 
the Table on p. 486 of the paper which contains the results obtained from 
“short” time-dilution curves [Ponder, 1925]. All the figures refer to time- 
dilution curves for saponin and a standard suspension of human red cells at 
30°. Values of c x , c 2 and A are in y. 

The effect of added plasma on the order of the fundamental reaction. 

The time-dilution curves for systems containing various quantities of plasma 
(or serum) can be individually subjected to analysis for the values of the constants 
in the equation which describes them, 

TJ ( p~i p-i\ 

kt =fn-\ c » ~( c ~ x ) p | ( 4 ), 

and, using the data given in extenso above together with those for some inter- 
mediate curves, we get the values shown in Table II. 


Serum , ml . 

»( = !/*) 

Table II. 

k 

X 

E ( =zxjx 2 ) 

0*0 

2*6 

0*00213 

19*0 

1*00 

0*02 

2*6 

0*000557 

40*0 

2*11 

0*016 

2*6 

0*000813 

36*4 

1*92 

0*010 

2*6 

0*00104 

30*8 

1*62 

0*008 

2*6 

0*00108 

28*0 

1*51 

0*006 

2*6 

0*00147 

26*7 

1*41 

0*004 

2*6 

0*00152 

24*1 

1*27 

0*002 

2*6-2*7 

0*00174 

23*0 

1*21 


Thus n is constant, irrespective of the quantity of inhibitor added, as 
required if the test in expression (3) is to apply. When the analysis of the curves 
is carried out in this way, h decreases as M increases, but this is only because the 
analysis in terms of expression (4) takes no account of the inhibitor rendering 
lysin inert. The decreasing value of k is really only another way of expressing 
the relation of A to c l3 as in expression (5). 

The accuracy with which the various time-dilution curves are described by 
expression (4), with, the above values of the constants inserted, is really quite 
surprising. 

Results of plotting A against c ± . 

Plotting A against c 2 results in exactly the same type of curve as in previous 
investigations, the curves corresponding to each value of M cutting the c 2 -axis 
at various levels, and being described with a fan* degree of accuracy by expres- 
sion (2), which contains the arbitrary constant K, a function of M. Plotting A 
against c 1 , on the other hand, results in a series of curves which cut the c r axis 
at a single point, so that A =/ (c x — K), K now being a constant for all values of M. 
(This is clearly shown in Pig. 1, in which the two methods of plotting are com- 
pared.) To find a meaning for K, consider the steps of the analysis in detail. The 
time-dilution curve in the absence of inhibitor has an asymptote at c lo0 , for which 
concentration t — oo. Imagine a time-dilution curve for a system containing an 
indefinitely small amount of plasma : this curve will differ insensibly from the 
“standard” curve, and wjJJ. have an asymptote c 2oo? differing insensibly from 
c 1X) . Thus when A tends to zero, c 2 will tend to c l3 and the curve obtained by 
plotting A against c 1 will cut the c r axis at a point c x — c lo0 , A = 0, and this will be 
the intercept K, equal to c 1:c . The constant K is therefore equal to the asymptotic 
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concentration for the "standard curve with which the time-dilution curve for 
the system containing plasma is compared, and expression (2) becomes 

A=a(c 1 -c 100 ) 1 M (5). 

Plotting log A against log (Cj — c lx ) now gives a series of parallel straight lines 
for which /i = 2-0 (in this case) and for which a has the follow ing values: 


Serum, ml. 

a. 

0-02 

4-67 

0-016 

4-27 

0-010 

3-47 

0-006 

2-57 

0-004 

1-74 


Cj c. 



Pig. 1. To show the result of plotting A against c t and c 2 respectively. The Jive different curves 
correspond to five different quantities of serum. 

The value of /x is therefore constant for all values of M, while the value of a 
decreases as M decreases. As has previously been remarked, it does not decrease 
linearly with M, and small amounts of inhibitor are relatively more effective 
than larger amounts. 

Expression (5) accordingly has a comparatively simple physical meaning, 
and the only curious thing about it is that the quantity of lysin rendered inactive 
by the inhibitor varies as a power of the lysin initially present (or, for that 
matter, of the lysin left free). On the other hand, it is scarcely to be expected 
that a reaction between two such colloids as saponin and the serum-proteins 
would be expressible by anything better than an empirical formula. 

The effect of varying the concentration of the cell suspension . 

Ail previous investigations have been carried out with reference to suspensions 
of “standard” strength, but we shall now show that the phenomenon of inhibi- 
tion by plasma and serum can be completely understood only if we consider 
what happens when the concentration of the cell suspension is varied. 
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Consider first what ought to happen if the foregoing account of the inhibition 
is adequate. Each one of a family of A x , c x curves for different values of if, when 
obtained by using a suspension of a particular strength , will be described by 

A = (C-j 

where c 130 Sl is the asymptote of the standard curve. If a suspension of strength 
s 2 is used, and if the foregoing analysis takes account of all the facts, the members 
of the new family of A x , c x curves should he described by 

A = sc (c x c x ac 

■where c 100S2 is the asymptote of the standard curve for the s 2 suspension. Thus 
each member of the second family ought to be the same as the corresponding 
member of the first family, except that the former is translated upwards or 
downwards by a distance equal to (c 100Sl — c lo0S3 ). 

Experiment shows, however, that other differences are introduced by varying 
the strength of the suspension. For example, using a 2x standard and a 0*5 x 
standard suspension, we get the following figures : 



8 

q 

q “ q® 

A 

Saponin plus 0*16 ml. serum, 

20,000 

100-0 

72*0 

31*3 

2 x S suspension 

25,000 

80-0 

52*0 

28*0 

24*8 


30,000 

66-7 

38*7 


38,000 

52-6 

24*6 

21*1 

Saponin plus 0*16 ml. serum, 

25,000 

80-0 

55*6 

33*1 

0*5 x S suspension 

30,000 

6 6-7 

42*3 

30*0 

35,000 

57-1 

32*7 

26*9 


37,000 

54-1 

29-7 

26*3 


Analysis of curves such as these shows (a) that the Ac x curves for the 0*5 as 
standard suspension make an intercept on the c r axis which is less than that 
made by the curves for the systems containing the 2x standard by the amount 
required by theory, but ( b ) that the value of a is not the same for the two 
families, although the value of fi is the same. This means that the quantity of 
lysin apparently inhibited by a particular quantity of serum or plasma depends 
on the number of cells present in the suspension used for obtaining the time- 
dilution curves, and that for the same values of c x more lysin appears to be 
inhibited when the strength of the suspension is small than when it is greater. 
At first this observation puzzled us a great deal, but it can be explained quite 
easily if we take into account certain other known properties of the systems 
under consideration. The explanation involves giving up the idea that there is 
complete irreversibility of the compound formed by the lysin and the plasma - 
proteins. 

We know that when lysin is added to cells in concentration c x , a quantity of 
lysin = £c x is concentrated at the cell surfaces, thus leaving free a quantity 
c x (l — £). So far as we know from rather limited observations, £ is a constant. 
As lysis goes on, the quantity of ‘Tree ” lysin decreases, but always in such a way 
that it is nearly a linear function of c x (see Ponder [1932] the section dealing 
with the “second addition effect”). In any system containing cells, lysin 
and inhibitor, we have therefore to distinguish between three quantities : the 
quantity of lysin “absorbed 55 on the cells, the quantity left free and the quantity 
inhibited as a result of its interaction with the serum or plasma -proteins. The 
relation of these quantities will be 

Absorbed Free Inhibited 

Before cells added 0 c 2 c 3 

After cells added c 4 c~ e G 
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Remembering that c 1 =c 2 + c 3 =c 4 +c 5 +c (i , and that c 4 =£c 5 , and putting, for 
simplicity’s sake, c 3 = gcc 2 , we get 

Absorbed Free Inhibited 

Before cells added 0 cj 1 + « aq/1 + a 

After cells added tfij 1 +- J + a cjl + 5 + a aq/ l + £ + a 

The addition of the cells should therefore result in the reduction of the amount 
of lysin inhibited from ckcJI + a to cccjl + £ + a. Clearly the greater £ the greater 
the reduction ; hence the greater the strength of the suspension used, the smaller 
will the quantity of lysin inhibited appear, for £ increases as the number of cells 
increases. If c 3 = ac 2 1 ^, no simple solution is possible, but it will be obvious that 
the effect will be in the same direction, and that the value of jjl should be inde- 
pendent of the strength of the suspension. This is just what is found. 

This theory appears entirely adequate, but it demands one rather curious 
condition in the haemolytic system in order that expression (3) he satisfied. 
When the cells are added to the system containing the plasma or serum, a 
redistribution of the quantities of lysin absorbed, free and bound to the 
inhibitor occurs in the way shown above. The course of the ensuing lysis, how- 
ever, is exactly the same as that in a system containing no inhibitor, but having 
the lysin present in smaller initial concentration (see expression (3)). In fact, 
the redistribution having once been effected by the addition of the cells, the 
lysin bound to the inhibitor behaves as if it w r ere permanently removed from the 
system. As haemolysis proceeds, the concentration of free lysin may fall, and 
probably does, but it is not continually replenished by the inhibitor giving up 
some of its bound lysin, as in a simple reversible system. We do not pretend fully 
to understand this, but it undoubtedly has a relation to a series of observations 
which will shortly be published elsewhere, and which shows that the kinetics of 
haemolysis require to be considered in relation to a sort of “internal” system 
rather than in relation to the system considered as a homogeneous whole, and 
that the properties of this “internal” system depend largely on the way in 
which the lysin is concentrated at the cell surfaces. In such systems, charac- 
terised by extreme heterogeneity, the laws for reactions in homogeneous systems 
certainly do not apply, and we require to seek information regarding their 
properties by experiment rather than by applying existing theory. 

Summary, 

This paper is concerned with a re-investigation of the problem of the 
inhibition of a simple lysin by plasma or serum, using better methods of experi- 
ment and analysis than have been used hitherto. The previous conclusion that it 
is permissible to treat the inhibition as a reaction between lysin and plasma- 
protein, by means of which the lysin is removed from the system, is confirmed. 
It is also shown that the quantity of lysin so removed depends on the number of 
cells present in the system, and this observation is shown to have a simple 
explanation. 
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CV. THE EFFECT OF DESICCATED THYROID, 
IRRADIATED ERGOSTEROL AND AMMONIUM 
CHLORIDE ON THE EXCRETION OF CALCIUM 

IN RATS. 

By LEONARD IRVING PUGSLEY and EVELYN ANDERSON. 

From the Department of Biochemistry , McGill University , Montreal. 

(. Received February 12th , 1934.) 

Parson [1912] observed a marked loss of calcium in rabbits which received 
lethal doses of thyroid substance by mouth. Aub et al. [1929] reported that 
patients with hyperthyroidism showed an excretion of calcium much greater 
than that observed on similar diets in hyperparathyroidism or after the admini- 
stration of acids; he pointed out that the high calcium excretion of hyper- 
thyroidism was unusual in that it occurred chiefly by the intestinal route. 
Parhon et al. [1932] found that demineralisation of the skeleton occurred in dogs 
during thyroid feeding and was not increased by simultaneous administration 
of parathyroid extracts. Tibbetts et al. [1932] announced that the high faecal 
excretion of calcium in clinical hyperthyroidism was not influenced by admini- 
stration of irradiated ergosterol; Watchorn [1930], Pugsley [1932] and others 
have found however that irradiated ergosterol tends generally to decrease the 
faecal and increase the urinary excretion of calcium. The present paper reports a 
study of the effect of desiccated thyroid on the calcium excretion of rats and the 
influence of irradiated ergosterol 1 thereon, while some experiments on the effect 
of ammonium chloride acidosis are included for comparison. 

Methods. 

The experiments were similar in general plan and in the analytical methods 
used to those described by Pugsley [1932] in a study of the effects of parathyroid 
extracts and of irradiated ergosterol on the calcium and phosphorus metabolism 
of rats. - Adult male and female rats of Wistar strain, weighing approximately 
240 g., were used. The diet, which contained 0*056 % calcium, was given as a 
constant weighed ration daily, and was not increased during thyroid treatment 
in spite of the greater appetite of the animals ; the weight of unconsumed food 
was also recorded. Metabolic rates were found by determination of oxygen con- 
sumption in a closed- circuit apparatus, similar to that described by Benedict 
and Maeleod [1929], save that the fall of the oxygen reservoir-spirometer is 
traced on a rotating smoked drum, the tracing serving also as a record of activity. 
The metabolic rates are expressed as the percentage increase in oxygen con- 
sumption over the oxygen consumption of the individual animals determined in 
the pre-experimental period. 

The desiccated thyroid was supplied by Messrs Ingram and Bell, and was 
found to contain 0*141 % calcium; it was thoroughly mixed with the food each 
day, so that each rat received 2 grains daily if, as was almost invariably the case, 
the entire ration was consumed. Irradiated ergosterol (Mead, Johnson & Co.) 

1 Ihe authors are indebted to Mead, Johnson & Co. for the ergosterol used in these experiments. 
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was suitably diluted with olive oil and given from a pipette in daily doses of 
Ol ml. Ammonium chloride was given daily at the time of feeding by stomach 
tube, subcutaneous injection at the dosage required having proved highly toxic* 

Results . 

The effect of administering desiccated thyroid (2 grains daily) is shown in 
Fig. 1, which is a composite graph representing the average of six similarly 


f 




Fig. 1. Effect of administering 2 grains desiccated thyroid daily on calcium excretion (average of 
6 rats) ; the dotted line shows the calcium excretion of controls. I 

Fig. 2. Effect of administering 20,000 units of irradiated ergosterol daily upon the increased 
calcium excretion induced by thyroid feeding (average of 6 rats). The first arrow indicates; 
the commencement of thyroid treatment, the second the addition of irradiated ergosterol. 



Fig. 3. Effect of administering 125 and (later) 250 mg. ammonium chloride daily on the 
calcium excretion (average of 6 rats). 

treated animals. The rats weighed approximately 250 g. at the beginning of the 
experiment and lost about 70 g. under thyroid treatment. Thyroid medication 
began on the sixth day, as indicated by the arrow. The dotted lines in the 
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figures represent the average behaviour of four untreated control rats, in a 
simultaneous study. 

The administration of thyroid soon leads to a marked increase in the faecal 
excretion of calcium, which becomes approximately constant at the new level, 
while the basal metabolic rate (B.M.R.) increases progressively. There is also a 
decided increase in the urinary excretion of calcium (shown, for clearness, on 
a larger vertical scale) and the ratio between urinary calcium and faecal 
calcium, initially very small, does not appear to be greatly altered under 
thyroid treatment. 

Fig. 2 represents another experiment on a series of six rats ; thyroid treatment 
was begun as before on the sixth day, but from the twentieth day (second arrow) 
the animals also received 20,000 international units of irradiated ergosterol 
daily by mouth. This dosage has been found in similar experiments on normal 
rats [Pugsley, 1932] to produce a very marked rise in the urinary calcium 
excretion with a corresponding decrease in the faecal excretion and without any 
very pronounced effect on the total calcium balance or the general well-being of 
the animals. It is clear from the figure that in the present experiments the 
irradiated ergosterol has again largely diverted the calcium excretion from the 
faeces to the urine, the total excretion of this element (on practically constant 
intake) being decreased rather than increased, though still far above the levels 
observed before thyroid feeding. 

Smaller doses of irradiated ergosterol have proved to be less effective. 
Table I summarises an experiment similar in plan to the last, carried out on 
another series of six rats. The usual effect of thyroid administration was 

Table I. Effect of administration of 1000 and 10,000 units of irradiated 

ergosterol daily on the increased calcium excretion induced by thyroid feeding. 


Average of four rats. 

Faecal Ca Ca balance 


Treatment 
Control period 


2 g. desiccated 
thyroid daily 


Added 1000 units 
irradiated ergo- 
sterol daily 


10,000 units daily; 
thyroid continued 


Day 

Urine-Ca 

mg./day 

2 

0-04 

4 

0-06 

6 

0-05 

8 

0-04 

10 

0*05 

12 

0*05 

14 

0-03 

16 

0-11 

18 

0-15 

20 

0*11 

22 

0-37 

24 

0*50 

26 

0-57 

28 

0-71 

30 

0-48 

32 

0*74 

34 

0*70 

36 

1*22 

38 

1*52 

40 

1*47 

42 

2*47 

44 

2*85 

46 

3*70 

48 

4*24 

50 

3*77 

52 

5*00 

54 

6-72 


mg./day 

mg./day 

4-93 

4-2*33 

4*80 

+ 2*76 

4*59 

+ 2*71 

4*57 

-7-2*63 

4*60 

4-1*51 

5*77 

4-1*13 

7*37 

-1*40 

9*25 

-3*36 

10*50 

— 3*65 

11*50 

-4*61 

11*50 

-3*87 

12*10 

-4*48 

11*47 

-3*79 

13*67 

-5*98 

12*05 

-4*13 

13*00 

— 0*34 

13*80 

-6*10 

10*90 

-3*72 

9*17 

-2*29 

9*32 

-2*39 

9*10 

-3*17 

5*58 

-0*03 

4*60 

+ 0*10 

4*46 

-0*30 

5*62 

-0*99 

3*30 

+ 0*10 

2*60 

-0*92- 


Body \vt. 

% increase 
in 0 2 con- 

g* 

sumption 

224 

— 

229 . 

— 

230 

0 

228 

— 

— 

— 

221 

— 

— 

— 

216 

— 

— 

— 

209 

112 

— 

— 



— 

197 

— 

188 

— 

* — • 

■ — - 

ISO 

100 

— 

— 

168 

— 

— 

— 

172 

— 

163 

— - 

— 

— 

149 

156 

— 

— 

— 

— 

142 

— 
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observed. The administration of 1000 units of irradiated ergosterol daily, from, 
the twentieth day, may have slightly increased the urinary excretion of calcium 
but had no discernible effect on the faecal or the total excretions. On the 
thirty-fourth day the dosage was therefore increased to 10,000 units daily; the 
table shows that this led in the course of a few days to a definite shift of excretion 
from faeces to urine, with an unmistakable decline in the total calcium excretion, 
the negative calcium balance being greatly reduced. 

Table II summarises another similar experiment on a series of six rats, in 
which the dosage selected was 2000 units of irradiated ergosterol daily, from the 


Table II. Effect of administration of 2000 units of irradiated ergosterol 
daily on the increased calcium excretion induced by thyroid feeding. 


Treatment 

Day 

Average of four rats. 

Urine-Ca Faecal Ca 
mg./day mg. /day 

Ca balance 
mg./day 

Body wt. 
g* 

% increase 
in 0 2 con- 
sumption 

Control period 

2 

0-04 

4*36 

+ 2*60 

231 

— 

4 

0-05 

4*40 

4-3*17 

236 

— 


6 

0-03 

3*77 

4-3*76 

238 

0 

2 g. desiccated 

8 

0-06 

3*30 

4-3*64 

236 

— 

thyroid daily 

10 

0-05 

3*00 

4- 3*35 

- — 

— 

12 

0-04 

4*57 

4-2*11 

231 

— 


14 

0-02 

7*20 

-1*04 

— 

— 


10 

0-05 

7*30 

~ 1*1.9 

223 

— 


18 

0*07 

8*87 

- 0*82 

— 

— 

Added 2000 units 

20 

0-02 

10*25 

- 2*21 

216 

79 

irradiated ergo- 

22 

0*11 

10*12 

- 1*83 

— 

— 

sterol daily 

24 

0*13 

9*12 

- 1-01 

— 

— 

26 

0*22 

10*30 

-2*12 

210 

— 


28 

0*47 

10*48 

— 2*55 

— 

— 


30 

0*54 

10*50 

-2*65 

207 

— 


32 

0*48 

10*51 

-2*75 

— 

— 


34 

0*54 

10*77 

— 2*91 

206 

83 


36 

0*67 

10*00 

— 2*27 

— 

— 


38 

0*38 

10*00 

-1*98 

196 

— 


40 

0*66 

10*00 

-2*26 

— 

— , 


42 

0*24 

10*00 

- 1-84 

188 

— 


44 

0*40 

10*90 

-2*90 

— 

— . 


46 

0*48 

10*80 

- 2* SO 

165 

— 


48 

0*45 

11*20 

-3*25 

— 

200 


twentieth day. Such doses have been found to reduce the faecal excretion of 
calcium, in normal animals, very decidedly [Pugsley, 1932]; but in the present 
experiments, although the faecal excretion and negative balance are somewhat 
lower and the urinary excretion definitely higher than might have been expected 
in view of the earlier results, there is not convincing evidence that this dose was 
in any degree effective. 

From a series of 12 rats receiving 2 grains of desiccated thyroid daily, blood 
was collected by the method previously described [Pugsley, 1932] for determina- 
tion of the serum- calcium by the method of Clark and Collip [1925]. The values 
obtained fell within the normal range for rats in this colony, the average being 
10*3 mg. per 100 mi. (minimum 10*1, maximum 10*4). This agrees with tin 
general opinion [Thomson and Collip, 1932] that there is no simple relatioi 
between thyroid function and the level of the serum -calcium. 

The effect of ammonium chloride on calcium excretion was studied in si: 
rats, and the results are summarised in Fig. 3. 1 ml. of a 12-5 % solution of tb 
salt was administered daily by stomach tube from the sixth day; as this ha 
little effect, the dose was increased to 2 ml. from the, fourteenth day onwarc 
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A marked diuresis naturally resulted, and the excretion of calcium in the urine 
was considerably increased, the faecal excretion being scarcely affected. This 
observation confirms the view of Aub et al. [1929] that the thyroid hormone does 
not affect calcium metabolism, merely by producing an acidosis. 

Discussion. 

The work of Aub et al. [1929] on the effect of the thyroid hormone on calcium 
excretion has, curiously enough, stimulated little experimental study. We have 
entirety confirmed Ms view that the thyroid hormone stimulates calcium 
excretion and promotes loss of calcium from the body, and that the channel of 
excretion is the intestine rather than the kidney (a matter in which this effect 
differs strikingly from the increased calcium excretion produced by parathyroid 
hormone, by ammonium chloride or by very large doses of irradiated ergosterol) . 
It seems at present futile to speculate on the factors responsible for directing 
calcium excretion to one channel rather than another, but it should be emphasised 
that in our experiments with thyroid feeding the amount of calcium lost in the 
faeces was often considerably greater than the total calcium intake. Our work 
also supports the contention of Aub that the action of the thyroid hormone is 
not to -produce acidosis or parathyroid stimulation, and moreover does not seem 
to be directly correlated with the increase in basal metabolic rate. In experi- 
ments not reported herein, we have found that the injection of parathyroid 
extract into rats receiving desiccated thyroid increases the total loss of calcium 
from the body. The failure of Tibbetts et al. [1932] to observe a reduction in 
faecal calcium excretion and negative calcium balance, as we did, after admini- 
stration of vitamin D, may perhaps be ascribed to inadequate dosage ; Taylor and 
Weld [1932] obtained results similar to ours in dogs. 

Summary. 

The administration of 2 grains of desiccated thyroid daily, by mouth, to 
adult rats, leads to a marked increase in calcium excretion and establishment of 
a negative calcium balance. The increase is observed in the faecal rather than in 
the urinary calcium. The serum -calcium is not elevated. 

The administration of irradiated ergosterol, in doses of 10,000 international 
. units or more daily by mouth, to rats receiving desiccated thyroid reduces the 
faecal and increases the urinary excretion of calcium, and partly or wholly corrects 
the negative calcium balance. Smaller doses are comparatively ineffective. 

The administration of 250 mg. ammonium chloride daily, by mouth, to normal 
adult rats leads to a marked increase in the urinary excretion of calcium, with 
little influence upon the faecal excretion. 

Our thanks are due to Prof. J. B. Collip and Dr D. L. Thomson for their 
assistance and advice. 
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By MARGARET RUTH BUTLER. 

From the Department of Biochemistry , University of Toronto. 

(Received January 22nd , 1934.) 

The chemical nature of the water-soluble polysaccharide constituent of Gkondrus 
crispus has previously received considerable attention. The interest manifested 
in it is attributable to its possession of marked gelatinising power. On account 
of this property it lends itself to a variety of uses. Unfortunately, the results 
to be found in the literature are based on variable methods of extraction, many 
of which are not very rational. The primary aim of the present work was, 
therefore, the preparation of a pure standard extract, so that the data obtained 
might be significant and of general application. The establishment of a definite 
criterion of purity is no simple matter, as the material is non-crystallisable and 
decomposes at very low temperatures. However, despite this, a reasonably 
pure standard extract has been obtained and from it have been prepared salts 
which give evidence of an even higher degree of purity. 

Historical. 

Investigation of this particular species, Chondrus crispus, and the material 
extracted from it in aqueous solution, dates from the work of Fliickiger and 
Obermayer [1868]. In Abderhalden’s Biochemisches Handlexikon [1911] there 
appeared the statement that “the pure mucilage of carrageen 1 corresponds 
to the formula C 6 H 10 O 5 .” The evidence on which this formula is based was not 
given. Though it is conceivable that it might represent the carbohydrate moiety, 
this formula is quite inadequate for the complete substance, since it takes no 
account of the 20 % ash content. There is also present some nitrogen which, 
until proven to be an impurity, cannot be disregarded. Apart from the fact 
that it is largely carbohydrate, very little is definitely known of the nature of 
the material in Chondrus crispus which is responsible for gelation. Haas [1921] 
advanced the theory that it is a colloidal electrolyte — an ethereal sulphate of 
calcium, the general structure of which might be represented by formula I. 

R(QS0 2 0) 2 Ca Ca(OS0 2 OR) a 

I II 

Harwood [1923], making use of physico-chemical methods, finds the evidence 
contradictory and points out that without further experimental work it is 
impossible to choose between the alternative formulae, I and II. He appears, 
however, inclined to agree with Haas that I is more acceptable. 

1 The aqueous extract of Chondrus is commonly referred to in this way; the plant itself is 
also frequently called carrageen or Irish Moss. 

Biochem. 1934 xxvm 
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On the other hand Haas’s assumption of this disulphate ester has been 
criticised by Nelson and Cretcher [1931], on the grounds that the analytical 
data are insufficient to indicate this composition of the esters and to preclude 
the presence of polymerides of monosulphate esters. 

Even should one of these ultimately be found correct, for the present one 
serves as well as the other as a working hypothesis. It is not impossible that 
both types may be present in the extract. 

According to Haas, the calcium is ionised, but the sulphate ion is masked 
by its combination with the carbohydrate paid of the molecule. On heating, 
this type of compound breaks down thus : 

R(0S0 2 0) 2 Ca+2H 2 0 =R(OH) 2 + H a S0 4 + CaS0 4 (i). 

Later Haas altered Ms procedure and instead of using the dried extract with 
which he had previously worked [Haas and Hill, 1921] he prepared two fractions. 
One was a cold water extract (C.E.) and the other a hot water extract (H.E.) 
of the plants from which, presumably, all the C.E. had been removed. 

The occurrence of a similar calcium sulphate- carbohydrate compound in 
agar-agar was reported in the same year [Neuberg and Ohle, 1921]. Haas and 
Russell.- Wells [1923] made a fairly extensive study of a number of seaweeds. 
They found that in nearly all species having high ash contents the presence of 
an ethereal sulphate in the plants was indicated. 

The evidence on the strength of which the ethereal sulphate formula was 
assigned is as follows : 

(1) The calcium is freely ionised and can he quantitatively precipitated by 
ammonium oxalate even before hydrolysis. 

(2) The sulphate content of the ash is high. 

(3) The sulphate cannot be precipitated from the solution until after 
hydrolysis. 

(4) The amount of the sulphate in the ash is only half of that in the hydro- 
lysed solution. This loss of half the sulphate on ashing is attributed to its escape 
as sulphuric acid, according to equation (i). 

Experiments with algae other than Chondnis crispns showed variations in 
the 2:1 ratio of 44 sulphate by hydrolysis 55 to 4 4 sulphate in ash. 55 Nevertheless, 
Haas believes it permissible to assume, when the amount in the hydrolysed 
solution is greatly in excess of that in the ash, that the sulphate occurred in 
the plant in an ethereal linkage of the type described. The discrepancies from 
the 2 : 1 ratio are explained, in the case of higher ash sulphate, as due to the 
retention by an alkaline ash of some of the sulphuric acid which should normally 
have escaped. In cases where the sulphate in the ash is less than the theoretical, 
the loss is attributed to the presence of an ammonium salt, which would leave 
no ash. 

Experimental. 

Preparation and analysis of samples. 

Preparation. From a number of methods of extraction and precipitation 
investigated, the following was finally adopted as being the most satisfactory 
method of obtaining a standard preparation. 

20 g. of Chondnis crispus plants are washed, with cold distilled water until free from chlorides. 
(Three or four washings are usually sufficient.) The washed Ghondrus is then transferred to a 
flask with a litre of distilled water, and heated on a boiling water-bath for 5 or 6 hours. The 
resultant viscous mixture is centrifuged and the clear liquid filtered through a Chardin filter-paper 
on a Buchner funnel encased with a hot water jacket. It is necessary to change the filter-paper 
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frequently. The filtrate, kept in constant motion by stirring, is evaporated on a water-bath to 
approximately 300 ml. Tt is then poured, slowly and with stirring, into one litre of 95 % alcohol. 
A stringy, fibrous material is precipitated, which is removed as soon as formed, allowed to drain 
through cheese-cloth and finally transferred to 250 ml. of 95 % alcohol, in which it remains until 
the next day. It is then transferred daily from one to the next of the following washes: (1) and (2) 
200 ml. absolute alcohol; (3) and (4) 1*50 ml. anhydrous ether. The precipitate is then dried in 
a vacuum-desiccator for a day and finally ground to a fine powder. It is dried in air for at least 
6 hours at approximately 80° before being used. If the temperature is allowed to rise above this 
for any length of time charring occurs. The product is a creamy-white, non-crystalline powder, 
soluble in both cold and hot water and forming in 2 % solution a firm gel. 

Ash. The ash content of the extract does not represent simply salt content 
but combined inorganic material. It does not, as will be seen later, represent 
all of this, but it may be expected to represent approximately the same per- 
centage of the combined inorganic material in all cases, since the percentage 
lost depends on the original structure. Ash determinations of a number of 
extracts prepared from different collections are given in Table II. 

It will be observed that the differences in ash content are slight, in spite of 
the fact that these extracts are made from plants collected at different places 
and in different seasons (Table I). 


Sample 

Table I. Identification of samples. 

Place of collection 

Month of collection. 

S 

South Shore, P.E.I. 

August 

N 

Souris, P.E.I. 

H 

Halifax, N.S. (Pt. Pleasant) 

,, (MeNab’s Island) V 

,, (Devil’s Island) 

February 

T 

August 

if 

June 

P 

Peggy’s Cove, N.S. 

August 

C 

Cavendish, P.E.I. 

V* 

F 

Details of collection missing. Extract made 
without any washes of absolute alcohol 



The standard extract used in the present investigations was prepared from sample 0. 


Table II. Percentage of ash in different extracts . 


Sample 

% ash (dry weight) 

Sample 

% ash (dry weight] 

F 

17-30 

S 

19*11 

D 

19*32 

N 

18*43 

T 

19-46 

H 

16*36 

P 

19*74 

G 

19*44 


As previously noted, many investigators regard the ash content of marine 
algae as practically pure calcium sulphate. The fact that the S0 4 content of the 
ash (see Table VI) averages only 58 % negatives this assumption. (S0 4 calcu- 
lated for calcium sulphate is 70-34 %.) 

The ash was found to contain varying quantities of potassium up to 12 % 
(Table VI). Russell- Wells [1922] reports that the ash of her extract contained 
sulphate, calcium, magnesium and small quantities of sodium and potassium, 
with traces of iron. The extract, therefore, probably contains a calcium ethereal 
sulphate, with which there are associated analogous salts of other metals. There 
is found also some phosphate which was not originally precipitable as the 
phosphate ion, and which may be assumed to have been present in an organic 
combination. 

Sulphate. During the present investigation, sulphate (S0 4 ) was determined 
in three different preparations; (1) in hydrolysed samples; (2) in oxidised 

49—2 
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samples; (3) in the ash. In each case the sulphate was precipitated by means 
of barium chloride, ignited and weighed. 

Hydrolysis. In order to ascertain when hydrolysis was complete, a number 
of methods have been tried. The results (Table III) show that the sulphate is 
much more resistant to hydrolysis by alkali than by acid. It is evident also 
that all the sulphate is freed by boiling directly, for o hours, in 5 % hydrochloric 
acid, whereas even after 13 hours on the water-bath nearly 2 % still remains 
combined. This latter fact might be taken to indicate that the sulphur occurs 
in more than one type of combination. 


Table III. Sulphate by hydrolysis 

of extract . 


Method of hydrolysis 

Time (hrs.) 

% sulphate (S0 4 ) 

Sa mple C: 

Boiled directly with 5 % hydrochloric acid 

5 

27*66 

99 

6 

27*53 

99 99 

13 

27*44 

On -water-bath with 5 % hydrochloric acid 

6 

21*62 


13 

25*62 

Boiled directly with 5 % sodium hydroxide 

6 

13*32 

Sample H : 

Boiled directly with 5 % hydrochloric acid 

6 

25*18 

Boiled on sand-bath with 40 % hydrochloric acid* 6 

* [Haas and Russell- Wells, 1923.] 

25*38 


Oxidation. The oxidation was accomplished by fusion with a hydroxide- 
nitrate (8:1) mixture. The melt was dissolved and acidified with hydrochloric 
acid, after which the sulphate was precipitated with barium chloride (Table IV), 


Table IV. Sulphur in extract after oxidation . 


Sample* 

% sulphate (S0 4 ) 

Sample* 

% sulphate (S0 4 ‘ 

I 

29-04 

W 

26*70 


28-OS 


27*72 

II 

27*60 

A 

28-20 


29*07 


29*28 

III (a) 

28*56 

3X 

30*24 


28*95 


30*09 

III (6) 

28*02 

27-96 

5X 

28*53 

H 

28*95 

29*31 




* Differing symbols here indicate slight variations in the standard method of extraction, 
made with another purpose in view, but all are from the same collection of plants, namely 
sample C. 

The sulphate after oxidation was found to average 28-38 % . The difference 
between this figure and that obtained by the hydrolysis, being very little outside 
the range of experimental error, seemed insufficient to warrant the assumption 
of any appreciable amount of unoxidised sulphur. 

Ash. From the ash of the standard sample C, the sulphate was found to be 
11-54 %, which figure does not satisfy equation (i), since in the present case 
only 35 % of the sulphate has been retained, rather than 50 % . Russell -Wells 
[1922] reports more than 50 % of the sulphate to be lost on ashing and attri- 
butes the excess loss to the presence in the original of some ammonium ethereal 
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sulphate, the sulphur of which would of course be completely lost on ashing. 
In the present case, however, the excess loss is too great to he explained in this 
manner, because the amount of nitrogen present would be sufficient to account 
for only I % of sulphate at the most (unpublished data) . 

As noted above, the ratio of “sulphate in hydrolysate ” to “sulphate in ash ” 
was found to be more nearly 3:1 than the 2: 1 theoretically required by Haas’s 
formula. This suggests the possibility that there might occur in the molecule 
three sulphate groups, only one of which is retained in the ash. An acid salt of 
the structure shown in the following equation would explain the observed results : 

HOSO a O . R(0S0 2 0) 2 Ca + 3H 2 0 = R( 0H) 3 4 - 2H 2 S0 4 + CaS0 4 (ii) . 

Ill 

The sulphate retained in the ash of a compound such as III is one-third of that 
in the original. 

Nelson and Cretcher [1931] found, in their analysis of the carbohydrate acid 
sulphate of Macrocystis pyrifera, that the percentage of ash obtained without 
oxidation was somewhat lower than when the sample was ashed in the presence 
of sulphuric acid. This they believe to be due, not to the retention of unoxidised 
sulphur in the latter case, but to the reduction of some sulphate in the former. 

In order to determine whether or not the sulphate being lost here, in excess 
of that normally escaping as sulphuric acid, was due to this cause, approximately 
0*2 g. of the sample w r as ashed in an electric muffle furnace, after having been 
moistened with nitric acid. A sample was ashed in the same manner with 
sodium carbonate (Table V). These figures show plainly that the sulphate loss 


Table V. Percentage of ash and sulphate in extract of sample C 
after different methods of ashing. 


Method 


% ash 
(dry weight) 


% SO, eale. to 
original extract 


Simple incineration 19*44 

Ashed with nitric acid 19*33 

Ashed with sodium, carbonate — 


11-34 

11*67 

28*49 


experienced on ashing cannot be attributed to reduction of the sulphate. That 
the sulphate obtained after hydrolysis is the true sulphate value is shown by 
the agreement between it and that obtained after ashing with sodium carbonate, 
as well as that from the fusion with hydroxide -nitrate mixture (see Table III) . 


Preparation of salts. 

Potassium salts. A 1 % solution of the extract was dialysed in collodion 
membranes 1 against frequently replaced potassium chloride until the dialysate 
gave a negative test for calcium (5 % potassium chloride was used at first, then 
2*5 %). The dialysed material was then tested to make sure that no calcium 
had been retained. Dialysis was then continued against distilled water, until 
the excess of potassium chloride was removed. It was noticed that shortly after 
dialysis against the potassium chloride began, the extract became opaque and 
soon set to a gel. During continued dialysis against distilled water the material 
gradually liquefied. 


1 These membranes were made with the following collodion solution : 5 g. pyroxylin, 25 nil. 
absolute alcohol, 65 ml. anhydrous ether, 10 ml. ethylene glycol. Membranes were allowed to 
dry 25 to 30 minutes before being filled with water [Pierce, 1927]. 
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The material, now free from calcium, is concentrated on the water-bath, 
precipitated and dehydrated according to the standard method. The product, 
a fine, pure white powder, is the potassium salt or salts resulting from replace- 
ment of the calcium and other cations of the water-soluble salts which are 
present in situ in the plant. 

This material was found to have an actual ash content of 25*56 %. In 
appearance, the ash obtained from the original extract is frequently a dirty 
fawn colour and fused, while that of the potassium salts is snowy white and 
powdery. This ash contained K, 45*18; S0 4 , 55*14 %. Iv 2 S0 4 requires K, 44*89; 
S0 4 , 55*11 % 

Now the plant Cliondrus itself contains 1 4*58 % , and the standard extract 
2*22 % of potassium. On the other hand, the material obtained by dialysis 
against the potassium chloride solution contains only 0*069 % of calcium. 
Further evidence of the purity of this product is found in the absence from it 
of any trace of phosphorus. Positive tests for phosphorus were given by all 
other extracts, except that in the preparation of which the plants had been 
washed for 3 days in running water before the extract was made. When the 
period of dialysis was prolonged the resultant preparations showed that most 
of the cations of the extract were replaced by potassium during the first few 
hours, and that subsequent dialysis affected but slightly the total amount of 
potassium introduced . 

Ammonium sails. Ammonium salts were prepared in a similar manner to 
the potassium salts, except that the final solution of the ammonium salts "was 
not precipitated but was evaporated to dryness. Complete dialysis in this case 
required from 2 to 3 weeks, sometimes more. This ammonium salt gives less 
than 1 % of ash, whereas that which Russell- Wells [1922] prepared by another 
method yielded 5 % ash. The original sulphate in this material was found by 
hydrolysis to be 28*49 % . 

Calcium, salts. The potassium salt prepared as described above is obviously 
a more nearly pure material than the original extract. It was determined there- 
fore to regenerate the calcium salt from it by dialysing the potassium derivative 
against calcium chloride (a 2*5 % solution was used) until no potassium could 
be detected in the dialysate. This point was reached in about 48 hours, after 
which the excess of calcium chloride was removed by dialysis against distilled 
water. The solution of the “regenerated” calcium salt was then evaporated, pre- 
cipitated and dehydrated as in the standard preparation. 

The material obtained differed in appearance from both the original and the 
potassium salt and decomposed much more readily even than the original. 

The ash values of the original and the “regenerated” calcium salt did not 
differ greatly. The sulphate and calcium in the ash, however, were found to be 
very different. Figures are given in Table AT, which includes the potassium salt, 
for the sake of comparison, as well as the potassium figures for all three. 

Table \T clearly shows to be erroneous the assumption that the original 
extract is a calcium salt. For one thing its ash contains more potassium than 
calcium. The difference between the calcium contents of the original extract 
and of the “regenerated” calcium salt is very great. The simultaneous decrease in 
potassium is not sufficient to account for this, nor is the increase which would 
occur by substitution of calcium in place of the hydrogen in formula III suffi- 
cient to account for the difference. The presence of still other cations is thus 

1 This figure is for a different collection of plants from that on which the results presented 
here were obtained. 
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Table VI. Comparison of ash and sulphate in prepared salts 
with standard extract . 

o o/ 

O . o 



o 

/o 

O' 

SO, in 

O' 

SCI, in 
original 
calc. 

SO, in 
original 
by 

hydro- 

% 

calcium 

o ■ f 

,0 

calcium in 
original 
salt calc. 

O’ 

,/G 

potas- 

sium 

potas- 
sium in 
original 
salt calc. 


ash 

ash 

from ash 

lysis 

in ash 

from ash 

in ash 

from ash 

Original 

1S-67 

58*44 

10*91 

26*82 

2*88 

0*52 

11*99 

2*22 

extract 

10*14 

58*74 

11*54 

27*51 

3*68 

0*68 

— 

— 

Regenerated 

20*96 

68*72 

14*40 

29*06 

32*22 

6*75* 

0*76 

0*113 

calcium salt 
Potassium 

25*73 

54*47 

14*05 

27*32 

0*28 

0*07 

45*42 

11*70 

salt 

25*26 

55*14 

13*94 

2S-00 

— . 

— 

— 

— 

Ammonium 

0*60 

— 

— 

28*49 

— - 

— 

— 

— - 


* Calcium by hydrolysis in this sample was 6*56 % 


indicated. Further, the percentages of calcium and sulphate in the ash of the 
“ regenerated ” calcium salt approximate to those of pure calcium sulphate (Ca, 
29*66; S0 4 , 70*34%), while they differ markedly from those of the original 
extract. 

It will be noted from Table VI that in the potassium salt the theoretical 
50 % of sulphate is lost on ashing. If the cations of a substance such as that 
represented in formula III were replaced by dialysis against potassium chloride, 
a neutral potassium salt (IV) would be obtained. This, on ashing, would undergo 
the following changes : 

2R(OSO a OK) 3 + 6H a O = 3K>S0 4 -f 3H 2 SO, +2R(OH) a (iii). 

IV 

It will be seen that here one-half the sulphate is converted into sulphuric acid 
and lost, as was actually found to be the case with the prepared potassium salt. 
This fact, together with the already noted absence of calcium and phosphate 
and the purity of the ash, leads to the conclusion that this preparation is a true 
ethereal sulphate. In the “regenerated” calcium salt also a 2:1 ratio of “sul- 
phate from hydrolysis” to “sulphate from ash” is established. The original 
extract, being a mixture of sulphates, the ratio of “hydrolysis sulphate ” 
to “ash sulphate” in it has not the same significance. 

Further evidence that the extract of Chondrns crispus cannot rightly be 
regarded as a pure chemical compound was obtained from an examination of 


Table VII. Comparison of f ractions with standard extract . 


Tests- 

C.E. 

H.E. 

Standard 

50 % alcohol 

No ppt. 

Good ppt. 

Good ppt. 

Molisch 


-r 

-r 

Biuret 

— 

~ 

_ 

Reduction 

— 

- 

_ 

Reduction after hydrolysis 

+ 

+ 


Potassium 

+ 


+ 

Phosphate 

+ 

- 

+ 

Chloride 

None visible 

- ? 

- •? 

Calcium 

9 

+ + + 

+ + 

Sulphate 

- ? 

- 

- 

Sulphate after hydrolysis 

+ 

~r 

■f 

Ash 

27*43 % 

26*43 

27*49 

17*24 % 

17*35 

16*80 

19*47 % 
19*42 

Nitrogen 

0*32 

0*30 

0*16 

0*15 

0*24 

0*24 
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the fractions described by Haas [1921], Extracts were made according to his 
method of separation and compared with one another and with the standard 
extract, as previously described. Instead of being simply evaporated to dryness, 
however, the fractions were precipitated and dehydrated in the same manner 
as the standard preparation. 

Solutions of the two fractions differ greatly in appearance; the H.E. is almost 
water clear, -while the C.E. has a yellowish colour and is very opaque, making it 
difficult to distinguish precipitates in it. In appearance, as in other properties, 
the standard is intermediate between the C.E. and H.E. which might be ex- 
pected, as it is in effect a mixture of the two, containing little C.E. and much 
H.E. The marked difference in ash content of C.E. and H.E. might be attributed 
to salts adherent to the plant and taken into solution along with the poly- 
saccharide complex. To obviate this possibility the method of fractionation w r as 
modified in the following way. A suspension of the, finely ground plants was 
made, introduced into collodion membranes and dialysed against frequent 
changes of distilled water. The first dialysates w r ere tested and found to contain 
chloride, sulphate, calcium and potassium ions. The absence of the chloride 
ion — because it is the most abundant in sea-w r ater and is detectable longer in 
the dialysate — was taken to signify that all the salts had been removed. The 
dialysed suspension was filtered through Chardin filter-paper on a Buchner 
funnel. The filtrate, which from this point was treated according to the standard 
method of preparation, yielded the “dialysed cold extract” (D.C.E.) which was 
free from adherent salts. The residue was then extracted with water on a 
boiling water-bath for 5 hours. From the filtrate of this extract was obtained, 
by precipitation and dehydration as before, the “dialysed hot extract ” (D.H.E.) . 
It was now possible to make a comparison of the ash material actually combined 
in the two fractions with that combined in the standard extract. 

Table VIII. Comparison of ask and sulphate content of fractions 
with standard extract. 


Sample 

% ash 
(dry weight) 

% S0 4 in ash 

% S0 4 in 
original salt 
calculated 
from ash 

% S0 4 in 
original salt 
by hydrolysis 

Standard 

19-42 

58-74 

11-54 

27*51 

D.C.E. 

21-47 

59-36 

12-75 

28-79 

D.H.E. 

17-63 

60-90 

10-74 

27-83 

H.E. 

17-13 

63-34 

10-85 

27-03 

C.E. 

27*12 

— 

— 

— 


Assuming that the difference between the ash of the C.E. and D.C.E. is due 
to free salts, there still remains a 4 % difference between the ash contents of 
the dialysed fractions (D.C.E. and D.H.E.) . The ash content of the standard is 
intermediate between the fractions, as a mixture of the two would be. The ash 
of the D.C.E. contains more phosphorus than that of the D.H.E,, which, of 
course, would help to increase the percentage of ash in the former. 

A consideration of the sulphate content of the fractions may mean little or 
nothing, as the differences recorded are very small. 

The original sulphate obtained both by hydrolysis and by calculation from 
the ash sulphate is higher in the D.C.E. The percentage of sulphate in the ash 
of the D.C.E. might be depressed somewhat by the presence there of phosphate. 
The difference in the “hydrolysis sulphate” between the fractions becomes more 
pronounced when the D.C.E. is contrasted with the H.E. instead of the D.H.E., 
because the H.E. contains none of the C.E., while the D.H.E. contains some 
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of it. In respect to sulphate content, therefore, as well as ash, the standard 
preparation would appear to fill an intermediate position. 

It should be noticed, from Table VIII, that the proportion of “hydrolysis 
S0 4 ” to e c ash S0 4 ” coincides no better with the 2:1 ratio in the case of the 
fractions, than it does in the standard as here prepared. 

Comparison with agar-agar. 

Carrageen is frequently compared with agar-agar. Both are products of 
marine algae, and possess a common physical characteristic of importance, 
namely the power to gel in aqueous solution. As the method of preparation 
of most commercial agars does not eliminate nearly all the impurities, a solution 
of agar was subjected to the precipitation and dehydration procedure described, 
before being compared with the standard extract of Chondrus. Table IX affords 
a comparison of the purified and unpurified agar with the standard extract of 
Chondrus. 


Table IX. Comparison of agar with standard extinct of Chondrus. 



Unpurified 

Purified 

Standard 

Tests 

agar 

agar 

Chondrus extract 

Appearance of aqueous 

Yellowish 

Bluish- white 

Colourless 

solution 

opaque 

opaque 

clear 

Molisoh 

+ 

+ 

+ 

Reduction 


V 

~ 

Reduction after hydrolysis 

+ 

+ 

+ 

Biuret 

— 

_ 


Calcium 


+ 

+ -4- 

Potassium 

- 

- 

+ 

Chloride 

+ 

+ ? 

- 

Phosphate 

- 

- 

+ 

Sulphate 



- 

Sulphate after hydrolysis 

4 . 

— 

+ 

Ash 

4-44% 

2*17% 

19*11 % 

Nitrogen 

2-51 

0-07 

0*24 


Though it appears from this table that there is no sulphate in the purified, 
agar, this is contrary to conclusions of the majority of investigators [Samec and 
Ssajevic, 1921 ; Fairbrother and Mastin, 1923], and as it is the result of a single 
observation no great importance is attached to it. Even the unpurified agar 
gives a sulphate test only after hydrolysis of a concentrated solution, or in the 
ash. However, the basic structure of agar cannot} include an ethereal sulphate 
group, as it does in the case of the Chondrus extract. Even supposing the whole 
ash were composed of sulphates, it would be sufficient to account for the existence 
of only a small fraction of the original material as an ethereal sulphate similar 
to that present in the Chondrus extract, unless indeed this were an ethereal 
ammonium sulphate. That it could have been such is precluded by the small 
amount of nitrogen present in agar. We seem, therefore, to be led to the conclusion 
that though agar contains a small quantity of ethereal sulphates, they are not 
such essential constituents as in Chondrus. If, on the other hand, it is assumed that 
the structure of agar is based on the ethereal sulphate linkage, it follows from the 
difference in ash content that the carbohydrate group is ten times as complex as 
that in Chondrus extract. 

Discussion. 

The data here presented afford evidence that the material extracted by water 
from Chondrus crispus is not a single substance, but a mixture of several, neither 
the whole nature nor the number of which is known. 
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The fractionation suggested by Haas [1921] appears artificial, as neither of 
the fractions is any nearer being a pure chemical compound than is the standard 
extract. Russell- Wells [1922] says, “the similarity of oxidation products of 
both (fractions), points to both consisting of substances belonging to the same 
group of compounds, but there is not evidence enough to show whether the 
differences are due to different bodies, or mixtures in different proportions of 
the same substances. On the whole the former of these alternatives appears the 
most likely.” From the findings here presented, however, it seems more rational 
to regard the fractions as mixtures of the same or very closely allied substances, in 
different proportions and to suppose that in addition to the common components, 
each fraction may contain some substance or substances which do not occur in the 
other. Thus the C.E. contains inorganic and simple organic materials, e.g. phos- 
phates, from which the H.E. is free. It is quite probable that some of the more 
complex constituents of the H.E. are entirely lacking from the C.E. 

The evidence for the purity of salts prepared from the standard extract, 
on the other hand, is clear cut. In the case of the potassium salt, for instance, 
there is: (1) an agreement between the percentages of potassium and sulphate in 
the ash with those of pure potassium sulphate; and (2) an agreement of the 
sulphate content of the salt and its ash with the theoretical 2 : 1 ratio (Table VI) . 
Furthermore (3) the removal of the phosphate ion which was present in the 
standard extract suggests that other impurities also have been removed. 

If the potassium preparation is not a single salt, it can only be a mixture of 
ethereal sulphates of potassium, which are very similar in structure and differ 
only in complexity. The variations, being such as not to interfere with the agree- 
ments noted, must be either in the nature or the complexity of the carbohydrate 
radical with which the potassium sulphate is united, or in the number of 
potassium sulphate groups united with the (same) carbohydrate radical. 

It has been determined that the sulphate forms 28 % of the whole potassium 
salt. On the basis of formula V, R(0S0 2 0K) 2 , the molecular weight would be 
roughly 685, or that of the carbohydrate radical 415. Based on formula IV, 
R(0S0 2 0K) 3 , the molecular weight would be approximately 1030, or that of 
the carbohydrate fraction 625. The properties of the material, however, are such 
as to suggest that the molecular weight is even greater than this. Therefore, 
one of the following formulae probably represents its constitution more correctly : 

[R(OSO a OK)i or [R(0S0 2 0K) 3 ], 

VI VII 

Since the total ash of this preparation can be accounted for it should prove 
a very satisfactory material for use in investigating the carbohydrate fraction 
of the complex. 

Summary. 

A method which yields a standard and relatively pure substance is described 
for the preparation of the gelatinising constituent of Chondrus crispus. This 
material is largely carbohydrate in nature but has an ash content equivalent to 
approximately 20 % of its dry weight. 

The extract previously described as an ethereal sulphate of calcium is now 
shown to be a mixture of sulphates, together with other substances, for example, 
phosphates. 

The potassium salts of the ethereal sulphates which occur in situ have been 
prepared, and the preparation found to be superior in purity to the original 
extract. 
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The potassium of this preparation was then completely replaced by calcium 
and the differences between these “regenerated” calcium salts and the original 
extract determined. The results invalidate the assumption that the original is 
solely, or even chiefly, an ethereal sulphate of calcium. 

The ammonium salts also were prepared and are compared with those of 
potassium and calcium and with the original extract. 

It was found that more sulphate was lost on ashing the standard extract 
than corresponded to the theoretical loss, on the basis of the formula proposed 
by Haas [1921]. This leads to the suggestion of a modified formula — that of an 
acid salt — which more closely fits the facts. Such an acid salt would, by the 
method used in the preparation of the potassium, calcium and ammonium salts, 
be changed into a neutral salt. The sulphate loss on the ashing of these prepared 
salts corresponds with the theoretical. 

The Chondrus extract is compared with a purified sample of agar-agar, to 
which it is similar in physical properties and origin. 

The present work has been made .possible by assistance from the National 
Research Council of Canada and the Alumni Federation of the University of 
Toronto, to which organisations my sincere thanks are due. I am liappv to 
have this opportunity of expressing to Prof. H. Wasteneys my appreciation of 
the encouraging interest and helpful advice received in his department. 
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CVIi ON THE PHYSIOLOGICAL ACTION 
OF ASCORBIC ACID AND SOME 
RELATED COMPOUNDS. 

By VICTOR DEMOLE. 

From the Pharmacological Laboratories of 
Messrs Hoffmann- La Roche and Co., Ltd., Basle. 

(. Received March 24th , 1934.) 

The biochemical action of l - ascorbic acid has hitherto been studied principally 
on the scorbutic guinea-pig. Only recently Harris et al. [1933] investigated the 
excretion of ascorbic acid in the human subject and found that with a normal 
intake of vitamin C about 30 mg. of ascorbic acid can be determined by dichloro- 
phenolindophenol titration in the daily output of urine. The excretion is tem- 
porarily increased when large doses of vitamin 0 (150 ml. lemon juice corre- 
sponding to about 150 mg. of ascorbic acid are given). It was also found by 
van Eekelen et al. [1933] that with a normal diet about 25 mg. of ascorbic acid 
are excreted daily in the urine. 

In order to determine if, as in the case of vitamins A and D, symptoms of 
hypervitaminosis occur after the administration of large quantities of ascorbic 
acid, the present author has investigated the tolerance of various laboratory 
animals (cold and warm blooded). The vitamin was administered per os, sub- 
cutaneously, intraperitoneally and intravenously, using an aqueous solution of 
ascorbic acid which was neutralised with sodium hydroxide shortly before use. 
In the following table the maximum single doses given to the various animals 
are summarised. 

Dosage in g./kg. 


Animal 

Weight 

§- 

r 

Oral 

Subcu- 

taneous 

Intra- 

peritonea] 

Intra- 

venous 

Axolotl 

15-30 



5 

5 

— 

.Frog 

30-40 

— 

5 

5 

— 

Mouse 

12-20 

5 

5 

2 

I 

Rat 

120 

5 

2-5 

— 

I 

Guinea-pig 

250 

5 

1 

— . 

0-5 

Rabbit 

2500 

2 

I 

1 

1 

Cat 

2500 

1 

0-5 



0*5 

Dog 

8000 

0*5 

0*2 

— 

0*2 

The doses were 

well tolerated 

in every 

ease and no 

symptoms of hype 


vitaminosis were observed. Only in the mouse after oral administration was a 
brief laxative effect observed, this being probably caused by the relatively large 
quantities of salt administered. The body temperature of dogs and rabbits was 
not influenced for 24 hours after the injection. The Ca and P of the blood were 
not altered. 

Ascorbic acid was also very well tolerated when administered over a long 
period. Guinea-pigs maintained on a normal diet received orally, subcutaneously 
or intravenously for 6 days G*4-2*5 g. ascorbic acid per kg. daily (total dose 
2*4-12 g./kg.). Under similar conditions mice were given 0*5-1 g./kg. for 7 days 
(a total of 3*5-7 g./kg.). The animals remained completely normal during the 
experiment and for 14 days thereafter. They showed no difference hi appetite, 
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increase of weight and general behaviour from controls receiving the same 
amounts of the biologically inactive galacturonie acid. Histological investiga- 
tion of various organs (kidney, pancreas, liver, heart and lungs) showed no 
definite changes. 

As the minimum curative and prophylactic dose of ascorbic acid for the 
guinea-pig is 0*5-1 mg. daily and in the above experiments 2*5 g./kg. daily were 
administered, it is evident that the animals tolerate 500-1000 times the thera- 
peutic dose of ascorbic acid daily without ill effects ; the average weight of the 
guinea-pig being taken as 250 g. Experiments with a still higher dosage seem 
unnecessary as such is unlikely to occur in practice. 

The reducing capacity of the urine for Eehling’s solution or iodine in po- 
tassium iodide was definitely increased after administration of ascorbic acid. 
After intravenous or subcutaneous injection of 1-2 g./kg* of ascorbic acid to 
mice or rabbits, or after oral administration of 3-5 g./kg. to guinea-pigs, the 
urine obtained an hour later gave with Fehling’s solution a pronounced pre- 
cipitate of cuprous oxide. After 2-4 hours the reducing capacity reached a 
maximum and subsequently decreased fairly rapidly. After 20-24 hours the 
excretion was practically ended. 

Method . 

A dog weighing 9*6 kg. received 1 g. ascorbic acid, corresponding to approxi- 
mately 0*1 g./kg. The urine was removed by catheter at intervals and the re- 
ducing capacity of the various fractions determined iodimetrically. The first 
fraction of urine (11 ml.), taken after 1 hour, showed a reducing capacity 
corresponding to a total amount of 0*153 g. ascorbic acid. In the second fraction 
(27 ml.), taken 3 hours after the injection, the reducing capacity corresponded 
to 0*377 g. ascorbic acid. The third fraction (27 ml.), taken after 5 hours, con- 
tained only 0*11 g. of ascorbic acid. The fourth fraction (100 ml), taken after 
8 hours, contained a total of only 0*057 g. of ascorbic acid. The reducing capacity 
of later fractions of urine showed normal values. The total excretion of ascorbic 
acid estimated iodimetrically was 0*701 g., i.e, about 75 % of the amount 
administered. The highest concentration of ascorbic acid (1*4 %) occurred in 
the second fraction of urine (1-3 hours*, after the injection). When still larger 
amounts of ascorbic acid are injected subcutaneously the concentration of 
ascorbic acid in the urine is increased still further and the excretion is continued 
for over 20 hours. The observed increase in the reducing capacity of the urine 
is undoubtedly due to an excretion of ascorbic acid because scorbutic guinea- 
pigs are cured by a daily dose of 0*2-1 ml. of this urine in 4-8 days. 

The ascorbic acid in the circulation also increases the reducing capacity of 
the Mood. After intravenous or subcutaneous injection of 04-0*5 g./kg. ascorbic 
acid to rabbits the apparent values for blood-sugar correspond to 140—160 
mg./lOO ml., the increase being only temporary. After one or two hours the 
blood-sugar values have again reached the normal of 110-120 mg./lOO ml. 

That this increased reducing capacity is not due to a mobilisation of glucose 
in the blood is proved by the fact that it is impossible to cure the convulsions 
of a hypoglycaemic rabbit by repeated injections of 0*1 g./kg, ascorbic acid 
intravenously or subcutaneously. 

The action of related compounds. 

The researches of Reichstein et al . [1933, 1, 2; 1934] made it possible to 
investigate the antiscorbutic action of synthetic Z-ascorbic acid and some of 
its isomerides and homologues. The complete identity in biological action of 
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synthetic /-ascorbic acid with the natural product from paprica was established, 
both when the synthesis was made from xylose and from sorbose as starting 
material. The isomerides and homologues investigated are shown below (in the 
case of the heptonie acids the lactone formulae are not given owing to the 
uncertainty as to whether a five- or six-ring is present) : 


/-Ascorbic acid 
Vitamin. 0 

OH H OH OH 


HOOHo—C— 

H 


. i 

-c— C=C— CO 

1 o 1 


f/-ErytIiro-3-ketohexonic acid 
H H 


HOCHq — 0- 

L. 


OH 


Ascorbic acid 

H 

H0CH..-C — 

I 

OH 


H OH OH 

u 


C— CO 


! 

-C— CO— CH(OH)— CO 

! — o ! 


/-Erytliro-S-ketohexonie acid 
0_ 


OH 

HOCH 2 — C — 

k 


-0 — CO — CH( OH) — CO 
H 


d-Lyxo-3-ketoheptonic acid 
H OH OH 

HOCK,— i 0 1— CO— CH(OH)— C0 ; H 

OH ll li 


/ - Xy lo -3-k etohept onic acid 
HO H HO 

i I i 

HOCH., — C 0 C— CO — CH(OIi) — CO.,H 

" I I I 

H OH H 


d- Ai*abo-3 ■ -ket ohexonie aei d 
H H OH 

HOCH,, — <!i C 


(J— CO — CH(OH) — CO a H 
h li 


The d-erythro-3-ketohexonic acid w r as found to have about 1/20 of the 
activity of /-ascorbic acid, in agreement wdth the result of Dalmer and Moll 
[1933]. The d - ascorbic acid was tested on the scorbutic guinea-pig and found to 
be completely inactive in doses 40 times as high (20 mg. daily) as were required 
for cure with /-ascorbic acid. The other homologues tested were also inactive in 
doses of 4-20 mg. daily. 


Summary. 

1. Large doses of /-ascorbic acid (up to 5 g./kg. in one dose or up to 12 g./kg. 
total amount in the chronic test) were tolerated without symptoms by our 
animals. Histological examination of the organs showed no change in the kidney, 
liver, heart and lung. There was no evidence of hypervitaminosis C. 

2. After administration of OT g./kg. ascorbic acid subcutaneously to a dog 
75 % was excreted in the urine during the next 9 hours. 

3. The urine of animals receiving large doses of ascorbic acid is capable of 
curing scorbutic guinea-pigs in daily doses of 0*2-1 ml. daily. 
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4. Synthetic /-ascorbic acid behaved biologically identically with /-ascorbic 
acid from paprica. 

5 . d~ Ascorbic acid is inactive in doses of 20 mg. daily. Of the various 
isomerides and liomologues examined only d-erythro-3-ketoliexonic acid showed 
a definite antiscorbutic action which was about 1/20 of that of /-ascorbic acid. 
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CVIIL THE EFFECT OF iODOACETIC ACID AND 
OTHER SUBSTANCES ON THE DISAPPEARANCE 
OF GLUCOSE FROM SHED BLOOD. 

By DORIS MIDDLETON MO WAT an d CORBET PAGE STEWART 1 . 
From the Clinical Laboratory , Royal Infirmary , Edinburgh. 

(Received March 31st , 1934.) 

Recent work on the breakdown of glucose to lactic acid, while it lias produced 
a number of new facts and hypotheses, has not by any means succeeded in 
producing a clear and unequivocal account of the reactions involved. Thus on the 
one hand we have the demonstration that iodoacetic acid, which prevents lactic 
acid formation in muscle, reacts with and destroys glutathione the co-enzyme 
of glyoxalase. On the other hand, it has been claimed that muscle, from which 
gluthathione has been removed by dialysis, is still capable of lactic acid pro- 
duction provided that adenosinetriphosphate and magnesium ions are present. 

The experiments described in this paper were undertaken in the hope that 
shed blood, in which the process of glycolysis is continuous, would prove a 
simpler system than muscle, the underlying assumption being that in both 
tissues lactic acid formation followed the same course. As will be seen, this 
assumption proved not to be justified, but this fact in itself seems to be one 
of considerable importance. 

Experimental methods. 

Human venous blood was used, with addition of sodium oxalate as an anti- 
coagulant. In some cases the blood was diluted with an equal amount of water 
(a procedure shown to be without appreciable influence on the rate of dis- 
appearance of sugar) and in some the p H was adjusted to 8*5 by addition of 
sodium hydroxide solution. This adjustment ofp H , while it increased the rate of 
glycolysis in the control samples, as compared with blood at the normal p B , did 
not affect the inhibition of glycolysis by iodoacetic acid etc. Measured amounts 
of this blood mixture were transferred to separate test-tubes and to them the 
various substances to be studied were added in N / 10 solution. Acids were used 
in the form of sodium salts (at 7-5) and Nj 10 NaCl was used as a control, and, 
where necessary, for adjustment of volume. Incubation was at 37°. Sugar 
estimations were made by the method of Hagedorn and Jensen. 

Iodoacetic acid was prepared by the action of potassium iodide on chloroacetic 
acid and purified by repeated precipitation from benzene solution with light 
petroleum. lodoethyl alcohol was synthesised by the method of Hendry [1889], 
the final product being decolorised by sodium thiosulphate and distilled in vacuo. 
Z-Bromopropionic acid was synthesised by the method of Volhard [1887] and 
from it a specimen of Z-iodopropionic acid was prepared by the method of 
Abderhalden and Guggenheim [1908]. The /3-iodopropionie acid was a Kahlbaum 
preparation, kindly presented to us by Dr H. S. Rule. 

1 In receipt of a part-time grant from the Medical Research Council. 
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Results and discussion. 

lodoaeetie acid proved to be the most efficient of the substances tested in 
preventing the disappearance of glucose. Nevertheless it was without appreciable 
effect in concentrations of the order capable, in cardiac muscle, of completely 
inhibiting anaerobic carbohydrate breakdown. Bromoacetic acid was almost as 
active, chloroacetic acid less so; whilst iodoethyl alcohol and oc-iodopropionic 
acid displayed smaller though very definite powers of inhibition of glycolysis. 
/3- lodopropionic acid however was quite inactive (Table I). 

In a number of experiments it was noticeable that iodoaeetie acid, while 
completely inhibiting glycolysis from the end of the first hour of incubation to 
the seventh hour, allowed some apparent decrease of sugar during the first hour. 
In part this may be due to the time necessary for the iodoaeetie acid to exert its 
effect — i.e. to react with glutathione. Since, however, the method of protein 
precipitation used in the Hagedorn and Jensen method does not completely 
remove non- carbohydrate reducing substances, it seems likely that this apparent 
decrease in the blood- sugar may be clue to the destruction by the iodoaeetie acid 
of glutathione and possibly other substances such as ergothioneine. 

The experiment quoted in Table I (a) shows the inhibition well maintained 
at 24 hours. This was not always the case, though usually the control, even then, 
showed the lowest sugar content. Most probably this was due to the fact that 
no special precautions were taken to exclude bacterial contamination. 

Table I. Effect of iodoaeetie acid , iodoethyl alcohol , cidodopropionic acid , 
bromoacetic ac id and chloroacetic acid on the rate of disappearance 
of sugar from blood. 

(a) 0-7 ml. N/10 NaOH added to each 2-0 ml. blood. 0-25 ml. N / 10 solution of reagent 
(neutral) or NaCl added per 5*0 ml. of blood mixture. Incubation at 37°. 

mg. sugar per 100 ml. blood. 


Time 


Iodoaeetie 

Iodoethyl 

a- lodopropionic 

hours 

Control 

acid 

alcohol 

acid 

0 

87 

87 

87 

87 

1 

79 

84 

82 

77 

3 

55 

84 

81 

69 

5 

55 

84 

75 

59 

7 

37 

85 

61 

57 

24 

35 

80 

59 

57 


(h) As above, but 0*4 ml. N/10 chloroacetic acid, 0*2 ml. N / 10 bromoacetic acid or A r /10 
iodoaeetie acid (neutralised) and volumes adjusted with N/1Q NaCl. 

mg. sugar per 100 ml. blood. 


Time 


Iodoaeetie 

Bromoacetic 

Chloroacetic 

hours 

Control 

acid 

acid 

acid 

0 

225 

225 

225 

225 

3 

201 

224 

215 

209 

5 

179 

209 

211 

91 


Blood from a case of diabetes. 

Chloro-, bromo- and iodo-acetic acids are all known [Dickens, 1933] to react 
with glutathione in vitro , and the velocity constants of the reactions have been 
determined. The action between glutathione and chloroacetic acid proceeds very- 
much more slowly than those between glutathione and bromo- and iodo-acetic 
acid. In accordance with this, chloroacetic acid is much less efficient than the 
Bioehem. 1934 xxvin 
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other two substances in preventing glycolysis, but it is rather surprising to find 
it as efficient as it is — roughly half as efficient as bromoaeetic acid. This is 
particularly so when one remembers that even in relatively greater concen- 
trations it is without inhibitory action on the lactic acid production of cardiac 
muscle [Gaddie and Stewart, 1934]. These facts immediately suggest that the 
mechanism of sugar breakdown in blood differs from that in muscle and that 
the action of chloroaeetie acid is not confined to the destruction of glutathione. 

It is obviously desirable to test the effect of glutathione on the other two 
substances capable of inhibiting glycolysis (iodoethyl alcohol and a-iodopro- 
pionic add) as well as the related compound, /3 - iodopropioni e acid, which had no 
such effect. This became especially important when it was shown [Gaddie and 
Stewart, 1934] that none of these substances had an inhibitory effect on the 
frog’s heart comparable with that exerted by iodo- and bromo-acetic acids. The 
method of testing was as follows: Solutions of the substance to be tested (J/ 10) 
and glutathione (JI7100) were prepared at 7*5, and 10 ml. of each solution 
were mixed with 10 ml. of a phosphate buffer at the same p B . From this 
mixture, 5 ml. were at once removed and examined immediately for hydriodic 
acid. Further samples were removed at intervals of 15 minutes (the mixture 
meanwhile standing at room temperature) and tested in the same way. Control 
experiments were made without glutathione. Estimation of hydriodic acid was 
made by adding to the sample 2 ml. of A/10 potassium ferricyanide containing 
zinc sulphate, and 2 ml. of 3 % acetic acid, extracting the liberated iodine with 
chloroform (three extractions using 2 ml. of chloroform each time) and titrating 
the chloroform extracts with Nj 200 sodium thiosulphate. This method was 
tested on standard solutions of potassium iodide and was found to give satisfac- 
tory results. 

When jS-iodopropionic acid was tested in this way, the reason of its inactivity 
in preventing glycolysis became apparent at once — even in the absence of 
glutathione it lost hydriodic acid with much greater rapidity than did iodo- 
acetic acid in presence of glutathione. 

The a-iodopropionic acid, however, was stable alone and reacted with 
glutathione much more slowly than did iodoacetic acid (Table II), a finding in 
keeping with its smaller power of preventing the disappearance of sugar. 

Table II. Effect of iodoacetic acid , iodoethyl alcohol and 
a -iodopropionic acid on glutathione in vitro. 

ml. X/100 thiosulphate used in titrating iodine liberated per 5 ml. of solution. 


Time 

Iodoacetic 

Iodoethyl 

a - Iodopropionic 

min. 

acid 

alcohol 

acid 

0 

0*540 

0-03 

0-170 

20 

1-055 

0-02 

0*425 

40 

MOO 

0-02 

0*575 

60 

1*150 

0-025 

0-660 


Iodoethyl alcohol, on the other hand, failed to react with glutathione, or 
rather, failed to liberate hydriodic acid in the presence of glutathione, although 
it was perfectly capable of inhibiting glucose breakdown. This can only mean 
that iodoethyl alcohol reacts with glutathione in some other way, or that its 
effect is exercised entirely on some other part of the system responsible for the 
conversion of glucose into lactic acid. The first of these alternatives seems to be 
excluded by the finding that the sulphydryl group (probably the essential part 
of the molecule for co-enzyme activity, and the most likely part to undergo 
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change) is unaffected by incubation with iodoethyl alcohol at p R 7*5* This is 
shown by the fact that after incubation of the mixture for 11 hours the amount 
of sulphydryl present is undiminished when tested both colorinietrica 1 ly with 
sodium nitroprusside and titrimetrically with iodine. Still further evidence of 
the independence of glutathione and iodoethyl alcohol is afforded by the fact 
that added glutathione does not abolish the inhibitory action of iodoethyl 
alcohol on glycolysis, whereas it does abolish the action of iodoacetic acid 
(Table III). 

Table III. Effect of added glutathione on the inhibition of glycolysis in presence of 
iodoacetic acid and iodoethyl alcohol. Experiment as in Table I hut 0-6 ml. 
reagent per 5 ml. blood mixture , and 20 mg. glutathione (in neutral solution) 
volumes adjusted with N jlO Nad. 


mg. sugar per 100 ml. bloocl. 


Time 

hours 

Control 

Iodoacetic 

acid 

Iodoacetic 
acid and 
glutathione 

Iodoethyl 

alcohol 

Iodoethyl 
alcohol and 
glutathione 

0 

103 

103 

105 

104 

103 

1 

91 

93 

95 

90 

91 

3 

55 

93 

56 

S3 

85 

5 

49 

91 

54 

75 

74 


We are therefore driven to the conclusion that the actions of iodoacetic acid 
and iodoethyl alcohol, though leading to the same end-result, are fundament ally 
different at least in part. Moreover, since iodoethyl alcohol inhibits glycolysis 
in blood with an activity roughly half that of iodoacetic acid, but is totally 
ineffective in cardiac muscle at a concentration tenfold that of iodoacetic acid 
capable of complete inhibition of glycolysis, it follows that some part of the 
glycolytic mechanism present and of importance in blood is absent from cardiac 
muscle, or at least is not of critical importance in the latter. 

The only alternative to this hypothesis appears to be the idea that iodoethyl 
alcohol is acting merely as a general enzyme poison. Indeed, when one considers 
the quantity involved, such an idea might be entertained with regard not only 
to iodoethyl alcohol, but also with regard to iodoacetic acid itself. For there is 
no proof that the whole action of this latter substance consists in its destruction 
of the co-enzyme of glyoxalase, and one might consider the restorative effect of 
added glutathione (which seems to be complete) as being merely an in vitro 
reaction resulting in the destruction of the enzyme poison and the replacement 
of the co-enzyme previously lost. 

We have not tested this alternative hypothesis completely, and, indeed, there 
are not many enzyme systems in blood which have been thoroughly studied. 
We have, however, tested the effect of both iodoacetic acid and iodoethyl alcohol 
on the blood-phosphatase. The blood, made alkaline to p H about 8*5 by means 
of sodium hydroxide was incubated with excess of sodium glycerophosphate 
solution and addition of sodium iodoacetate or iodoethyl alcohol in the con- 
centrations known to inhibit glycolysis. In both cases samples withdrawn at 
24 and 48 hours showed decreased hydrolysis of the organic phosphate as 
compared with the controls (Table IV). Since however the phosphatase may 
form part of the system responsible for the breakdown of glucose to lactic acid, 
this cannot be taken as evidence that the two iodo-compounds act as general 
enzyme poisons. It is perhaps note worth}" that they are without any inhibitory 
effect on the xanthine oxidase of milk. 
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Table IV. Effect of iodoacetic acid and iodoethyl alcohol on blood- phosphatase. 


mg. R per 100 ml. blood. 


Time (hours) 

0 

24 

48 

Control 

7-44 

27-18 

39-17 

Iodoacetic acid 

7-18 

21*44 

31-63 

Control 

6-40 

38-30 

47-11 

Iodoethyl alcohol 

6-23 

28-30 

30-45 


Summary. 

Iodoacetic acid inhibits the disappearance of glucose from shed blood, but 
only in concentrations much higher than those required to prevent lactic acid 
formation in cardiac muscle. Bromoacetic acid lias an almost equal effect. 
Chloroacetic acid, oc-iodopropionic acid and iodoethyl alcohol have similar, though 
weaker actions. /3-Iodopropionic acid is without effect probably on account of 
the rapidity with which it loses iodine. 

The effect of iodoacetic acid, but not that of iodoethyl alcohol, is counteracted 
by addition of glutathione. Iodoethyl alcohol is also peculiar in not reacting 
with glutathione in vitro to produce hydriodic acid. Both iodoacetic acid and 
iodoethyl alcohol, in concentrations capable of preventing sugar disappearance, 
inhibit the action of blood-phosphatase. 

The significance of these findings is discussed in relation to the mechanism of 
carbohydrate breakdown. 
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TION OF FATTY ACID ANALYSES BY THE 
ESTER FRACTIONATION METHOD. 
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“be cSv potted oS in the place, that acre ate at least two 

SSSLv problem. -*> '!»“» lhe “ ° f ““ °' 

“f ' SSSTof Se n te“ato a ^ortto, at well as of the individual acids 

0 , be 'termed the major component acids of different natural fats. A 

Vh “L1.tntTdfflcSttT q Ltit.tive analysis of natural fatty acid mixtures 

mixtures differ widely in complexity; for example . 

Major component fatty acids 


Saturated 
Cl6> ^18 


Unsaturated 

C 18 


(C 14 ), c ie , c 18 


Seed-fats of the cacao butter, etc., 
type 

Palm oil, tallow, lard, many vege- 

tableoils n n C O C C is 

Seed -fats of the Palmae ° 8 ’ ” „ w? r C C 18 

Milk-fats C„C, ! (C,C 10 C 1S C «• 18 (0l4 ) ; C I6 , C*. 0». C*, (C 24 ) 

Marine animal fats (C I4 ), C 16 , (0 18 ) 1 

The ester-fractionation procedure ^ above), since an 

determination of minute proportions U total mixed fatty acids) cannot 

accuracy to within fractions of a uni • /0 ( d for studies of the 

in general be reached by the method. On fats (class (a) 

relative proportions of the major eompoiie iter and his colleagues 

above)-an aspect of fat-chemistry with whid g “es results which, 
have been engaged for a somewhat long period-the method g 
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at least with many of the simpler kinds of fats illustrated above, are reliable to 
about one unit % . Such an order of accuracy, or even somewhat less, is quite 
sufficient to have demonstrated, for example, many cases of empirical but close 
relationship between fatty acid compositions and biological origin; or, again, 
in one category of animal depot fats, to have established the relative constancy 
of palmitic acid content and the approximate stearic-oleic acid balance, which 
we have shown to be characteristic for fats of varying average unsaturation in 
this group. 

Component fatty acids are given, therefore, to the first decimal place (in 
conformity with the usual convention that one more significant figure is given 
than that upon which reliance may be placed) ; also, the data are expressed as 
the percentage proportions of the mixed fatty acids estimated (so that the cir- 
cumstance that the totals amount to exactly 100-0 in all cases has no bearing 
upon the experimental accuracy or otherwise of the determination). Moreover, 
it sometimes happens that the calculation ultimately results in the appearance 
of a fractional percentage (e.g. 0-7 % myristic acid, Table I, p. 781) of an acid 
present in small amount; in such cases of course this does not imply that 
narrower limits of accuracy are claimed for the analytical procedure employed 
than those already stated. These explanatory remarks will probably be super- 
fluous to most workers in this field, but apparently the points referred to have 
not always been appreciated by some of our fellow-investigators. 

When the ester-fractionation process is examined critically, it is at once 
evident that its order of accuracy depends almost wholly on the answer to the 
question: Is it possible to obtain ultimate ester-fractions in any one of which 
no more than two adjacent homologous saturated, and two adjacent homologous 
unsaturated, members are present? In all probability, absolutely complete 
separation in this respect is rarely, if ever, attainable ; but due observance of two 
precautions adequately safeguards the analysis and leads ultimately to the 
presence of not more than traces of a third homologue in the fractions finally 
obtained : 

(а) In the first place, separation by fractional distillation of esters is never 
attempted before having recourse to as thorough a separation as possible of 
saturated from unsaturated acids by the lead salt-alcohol process. This removes 
all stearic and higher saturated acids and very nearly all palmitic acid from the 
unsaturated acids. In the common cases therefore where mixtures of palmitic, 
stearic, oleic and linoleic acids (with perhaps minor amounts of myristic or 
other acids) are concerned, this simplifies very much the character of the two 
groups of esters which have to be distilled. In other and more complex instances, 
such as animal milk fats, which contain a good deal of saturated acids of lower 
molecular weight than palmitic, or the marine animal oils, with a mixture of 
homologous unsaturated acids, the lead salt separation is even more vital a part 
of the process; for here, even when it does not result in an almost complete 
division as between saturated and unsaturated acids, it still has the effect of 
removing almost all the palmitic and all higher saturated acids from the so- 
called. liquid acids, with the consequence that there is a much greater differ- 
entiation in the relative molecular weights (and therefore boiling-points of the 
esters) of the saturated and unsaturated acids present in the “liquid 55 esters 
than exists in the original mixed acids as a whole, in which the C 16 and higher 
saturated acids are also present. 

(б) In the second place, in addition to such refractionation of primary 
fractions as may be necessary, it is our practice to collect a large number of 
fairly small final ester fractions, whether the composition of the mixed esters is 
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relatively simple or not. This multiplication of fractions minimises any error clue 
to the possible retention of traces of a third homologue in fractions consisting 
almost wholly of two adjacent homologues, and also tends to reduce the effect 
of small positive and negative errors in the numerous equivalent and iodine 
value determinations involved. 

Comparison of the closely similar compositions deduced by use of this 
method, in this laboratory and elsewhere, for the acids in different specimens of 
the same kind of fat is sufficient evidence of the fact that at all events it leads to 
results which are very concordant; but it may be argued that this does not 
necessarily imply their accuracy. On the other hand, the mixture of acids from 
a completely or partially hydrogenated fatty oil is of an essentially different 
type, so far as the analysis is concerned, from that from the original fatty oil, 
since the proportion of saturated acids is entirely altered by hydrogenation. A 
comparison of the results obtained from analyses of original and hydrogenated 
fats thus affords a somewhat rigorous test of the general accuracy of the pro- 
cedure. A few instances of the kind, drawn from data in our laboratory records, 
will therefore be given by way of illustration; it is of course necessary to com- 
pare the molar percentages of the various homologous acids present in each case. 

• Table I. 

Palm oil fatty acids (mol. °/ 0 ). 

Original After hydrogenation 

Myristic 
Palmitic 
Stearic 
Oleic 
Linoleic 

Pig back fat fatty acids (mol. %). 

Partially 


5 * 3 } 

1*9 

34-3 

62*71 

0*7 

35*5 

* 63*8 

50*6 

■ 63*8 

H) 

7-9 J 



— 


Original 


A ^ j Partially - ■ 

hydrogenated ( 1 ) hydrogenated ( 2 ) 


2-8 


14 * 0 ) 

41*4 

26-6 

• 69*0 

18*11 

50*9 

25*6 

• 69*9 

28 * 2 ] 

40*5 

28*1 
\ 68*7 

13*6 j 

0*9 

0*9 J 

1*7 


1 

1*0 


Myristic 
Palmitic 
Stearic 
Oleic 
Linoleic 

C20—22 nil saturated 

Elasmobranch liver oil fatty acids (mol. %). 

After 

hydrogenation 

c i i .« -i 0 

O: 

15 -: 

l: 

37 *: 

1 -: 

15 * r 


Saturated 

Unsaturated 


C li { 

n J Saturated 
( Unsaturated 
p ( Saturated 
Ois \ Unsaturated 
p f Saturated 
-° \ Unsaturated 
p f Saturated 
\ Unsaturated 
f Saturated 
- 4 {Unsaturated 


Original 

\i\ i - 6 

■ 19-4 


/ 2-5 


13 - 


:?) 

;'Jj 3 S -6 

168 

«) 


13-9 

9-7 


17*5 
39*8 
16-8 
•4 
1*0 


i 
i 

1 13*4 
1 10*0 


It seems therefore that an accuracy of about one unit % can be relied upon 
for the fatty acids of the simpler fats while, as suggested by Guha et al. [1930], in 
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the more complex fats, especially in the marine animal oils, the figures may be 
less reliable and the order of accuracy perhaps only within 3-4 units % . Even 
the latter represents a not unreasonable standard of accuracy, compared with 
that attainable in the quantitative assay of many other natural products of 
a complexity comparable with that of most fat mixtures. Moreover, it has 
sufficed to demonstrate general relationships amongst the natural fats of the 
kinds to which reference has already been made; while the detection of pal- 
mitoleic acid in bird and rat fats (discussed in recent papers) is entirely due to 
the use of the ester-fractionation method. 

Some recent work on the linoleic acid content of butter-fat by Bosworth and 
Brown [1933] and by Eckstein [1933] will now be considered. Bosworth and 
Brown succeeded, as a result of repeated fractionation of the mixed esters from 
over 11 kg. of butter-fat, in isolating and defining the minute proportions of 
decenoic and tetradecenoic acids which (as Gran et al. [1922; 1924] had pre- 
viously shown) occur in butter. This outstanding contribution to knowledge of 
the minor component fatty acids of butter suggests that decenoic acid may 
form 0-18 % of the total fatty acids and, since the authors actually isolated an 
amount of tetradecenoic acid smaller than that of decenoic acid, it seems fair 
to assume that tetradecenoic acid occurs in still smaller quantities. (Bosworth 
and Brown consider however that the original butter must have contained 
0*87 % of tetradecenoic acid.) They also show that highly unsaturated acids 
(probably of the C 22 series) are present in butter-fat ; and in an earlier paper 
[Brown and Sutton, 1931] the presence of such acids to the extent of 0*3 % was 
demonstrated. 

In the course of their -work however the authors state that they have been 
unable to demonstrate the presence of ordinary linoleic acid and suggest that 
the unsaturation higher than that of oleic ester, which invariably has been 
observed in our “liquid” ester fractions corresponding in equivalent to those of 
C 18 unsaturated acids, is due to imperfect fractionation and contamination of 
these fractions by either the mono-ethenoid C 10 and C 14 or the polyethenoid C*> 
esters, or both. 

Unfortunately, Bosworth and Brown, although they refer to our use of the 
methyl ester distillation method, have based their fractionation practice on the 
earlier work of Crowther and Hvnd [1917], Holland and Buckley [1918-23], 
and Channon et al. [1924]. They prepared their esters by direct “ methanolysis ” 
of butter-fat and employed no preliminary resolution "of the mixed acids into 
predominantly saturated and predominantly unsaturated groups. Moreover, 
they refer to criticisms advanced by Channon et al. against the ester-fractionation, 
method, but overlook the very complete refutation of these criticisms which 
followed almost immediately from Armstrong et al [1925]— a refutation which, 
so far as the present author is aware, has been accepted. (For example, recently’ 
Drummond and Gregory [1932] refer to certain analyses as having been made 
“by the more accurate fractionation method.”) 

The iodine values of the acids in the higher methyl ester fractions obtained 
bj Bosworth and Brown do not, it is true, suggest the presence of C 18 unsaturated 
acids less saturated than oleic. This is natural, for, owing to the absence of any 
lead salt separation, methyl stearate and also (judging from the recorded mean 
molecular weights) fairly large amounts of methyl palmitate are present in all 
the fractions concerned. Since, in our experience, the minimum amount of 
stearic acid which has been observed in any butter-fat is greater than the 
maximum amount of linoleic acid which we have ever suggested to be present, 
it follows that even if complete separation of palmitic and C 18 esters had been 
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achieved, the iodine value of their C 18 esters would still have been somewhat 
below that of methyl oleate. Bosworth and Brown however applied a lead salt- 
ether separation to the acids from their higher ester fractions and supplemented 
this by attempted resolution of the unsaturated acids by means of the barium 
salts in benzene, and they conclude that practically all polyethenoid acids present 
are of higher molecular weight than the C 18 series. The absence of data as regards 
the relative weights of the various fractions obtained in this part of their work 
limits any discussion to a qualitative basis, but it must be pointed out that the 
mean molecular weights of the acids from the insoluble (as well as from the 
soluble) barium salts are, in six instances out of nine, considerably higher than 
those of the original mixtures. 

Bosworth and Brown, from an examination of the ether -insoluble bromo- 
addition products, were unable to demonstrate the presence of ordinary linoleic 
acid or of more highly unsaturated acids of the C 18 series. Eckstein [1933], 
employing the same method, finds evidence of only traces (of the order of 
n. 1—0-3 °/ ) of linoleic and linolenic acids. The latter author also shows that 
addition of 5 % of the esters of either of these acids (prepared by the method of 
Rollett [1909]) to butter results in the mixed fat showing bromine values 
corresponding to 50 % or less of the added linoleic or linolenic acid; he obtained 
however by fractionation of the “liquid” methyl esters of a Detroit butter 
iodine values of 93, 98 and 117 for the three highest-boiling fractions 

Now in all our analyses of butter-fat “liquid” methyl esters, there have 
been obtained consistently large fractions of esters with equivalents approxi- 
mating to those of the C 18 group, the iodine values of which range from about 
92 to 99, that is, from 8-15 % above that of methyl oleate. In each of our papers 
on butter-fats [1929; 1930; 1933] only one instance was given, m each case, of 
the full details of the fractionation data, in an endeavour to save space. Seven 
other instances taken from the material dealt with in these previous papers, w ill 
^ baited to order to employe th, invariable nature of these observ.t.ons 
In doing so (again for considerations of space) only the weights saponification 
equivalents and iodine values of the three or four highest-boiling fractions of t _ 
“limnd” esters will be quoted in each case, together with the total weights of 
“liquid” esters distilled and the proportion of the total fatty acids repiesented 
by 'the “liquid” fatty acids; the latter data are very material to the present 

■^Inspection of the figures (Table II) shows that the ester fraction, of iodine 
value 92-99 to which attention is invited represent fromlo tooverb4 fti 
total fattv acids of the butter-fats. Bosworth and Brown [1933] ( >aj_ ^ ■ 1 j= 
iodine number can easily be explained now by the presence of low molecular 
weight acids with one double bond and iodine numbers greater than that o 
oleic acid together with appreciable amounts of unsaturated acids of high mole 
cuTar wdghf with two ormore double bonds ” This statement is mitenabk 
for the following reasons. The iodine value of c ecenoic about 50 °/- 

tetradecenoic acid 107-7. It would therefore require a m ^ ^ eKnoa ^ 

each of methyl tetradecenoate and oleate, or of about 20 % methyl Jcenoate 
with 80 % mlthyl oleate to give iodine values in the J 

percentage of a tetra-ethenoid C 22 ester (iodine value 294 ^qmred to laise^tm 
fodine value of methyl oleate and the latter to a 
toss, namely, about 5 %, Consequently 

necessary to be present in our C 18 estei h action, P -mounts of these 

results w Y ould hLe been 

acids present m the whole of the butter-fat, according 
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Table II. 

Proportion Weight of 
of “liquid” “liquid” 
acids from 


' £ Liquid” methyl ester fractions 


Publication 

Butter-fat 

No. 

total butter- 
acids (%) 

■ distilled 

or 

&* 

No. 

cr 

»• 

Sap. 

equiv. 

I.V. 

Hilditch and Jones 

“B” 



f L 3 
! L 4 

19*07 

290*1 

91*0 

[1929] 

30-7 

91*41 

1 L 5 

8*47 

26*29 

293*0 

293*6 

94*9 

99*3 





(L6* 

7*17 

325*2 

103*0 

Hilditch and 




/L 4 

9*55 

292*9 

92*1 

Sleighthohne 

“I” 

47-5 

69*43 

1 L 5 

7*33 

294*5 

93*5 

[1930] 


1 L 6 

7*83 

295*8 

94*1 





(L7* 

S*45 

307*1 

105*0 





fL4 

13*10 

290*1 

91*7 

99 

“V” 

41-8 

105*1,5 - 

! L 5 

9*27 

293*5 

95*1 





j L 6 

15*59 

295*2 

98*9 





t L 7* 

7*12 

327*7 

118*6 

Bhattacharva and 

Cow ghee 

44-2 


f L 4 

8*63 

293*8 

92*4 

Hilditch [1931] 

no. 2 

48*70 - 

L 5 

9*15 

294*4 

96*8 





[ L 6* 

5*32 

303*8 

103*3 

Lean and Hilditch 

“ Winter 


| 

fL4 

1 T rr 

16*46 

290*3 

92*8 

[1933] 

ration” 

48-5 

120*24 

1 JL O 

L 6 

20*75 

10*47 

293*5 

296*1 

94*0 

96*2 




1 

,L7* 

7*40 

324*0 

95*3 

>> 

“Inter- 

mediate 

52-0 

120-31 l 

L 3 

L 4 

L 5 

14*35 

15*64 

16*52 

291*4 

293*1 

294*2 

90*8 

94*4 

96*3 


period” 



L 6 

10*93 

294*8 

97*9 




{ 

L 7* 

15*97 

308*1 

101*5 

99 

“ Summer 
pasture ” 

52-2 

120-61 | 

L 4 

L 5 

L 6 

15*63 

14*17 

20*25 

292*4 

294*2 

295*0 

9.1*6 

93*4 

96*4 




1 

L 7* 

15*31 

308*3 

99*3 


attempted to Xw in the b, L/lf a f F£ T Val ° f ™ sa P oni £ able matter )- We have never 

would leld traCt O-L dimLlV.En u ^ °,' 6 ?S' u °^P°™fiable. On the whole fat, this 
to 0-2 % of a, acids, calculated on this basis.)' ^ tis mlsaturated aclds and correspondingly 

the ^elXboin-hr^^nf then ’ that these characteristic iodine values in 

tne neighbourhood of 95 are due to unsaturated C ls esters Boswortb and 

Brown state that there is no tetra-ethenoid C 18 ester present and EckstSn S 

but£^ra"fiL bOU H-, 0 i 3 t°{ 0 a * T St ° f and hnolenhi esters ^^the 

isolate either 1 ! 1 a ? d Jones t 1929 ] also state that they failed to 

(olKt£ai3,W? h ^ X3 ^l.^ ° r any definite hrominated acid 

at 70*18 g 4 tom * m / th + er Whl f darkened ’"’ithout definitely melting 

pLetL of C e^ter L + r fra ° tl0nS ° .^ value 97 ~ 98 - The consistent 

fatty acids ' a! J c <f ^ponding to 15 _ 20 0/ of the total butteE . 

m^Sate^ m0re than 10 % in ««*» of that of 

methyl oleate nevertheless still requires explanation. 
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It is hoped to return to the investigation of this question in due course, but 
it will necessarily be some considerable time before any further report can be 
made on such experiments, and for this reason it has been thought best to 
point out the above facts in the present communication. It need only be added 
that Eckstein’s experiments with regenerated Jinoleic and linolenie acids (pre- 
sumably originating from seed fats) merely indicate that the ordinary linoleic 
acid of seed fats is not present to any marked extent in butter, and that Smith 
and Chibnall [1932] had similar difficulty in correlating the brominated products 
from the glyceride fatty acids of forage grasses with those from the ordinary 
linoleic ackl of seed fats. Possibly this may afford a clue to the solution of an 
admittedly puzzling problem. In the meantime, the quantitative data, to which 
attention has here been redirected, must be taken into consideration in com- 
puting the general composition of butter-fatty acids, and the writer has adopted 
the view, from the 1929 paper onwards, that, in the absence of definite char- 
acterisation, the general distribution of C 18 unsaturated acids in nature favours 
the assumption that the most likely polvethenoid C 18 unsaturated acid to be 
present is diethenoid rather than still less saturated in character. 
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CX. THE BODY FATS OF THE HEN. 



By THOMAS PERCY HILDITCH, EDWIN CHARLES JONES 
and ARTHUR JAMES RHEAD. 

From, the Department of Industrial Chemistry, U niversity of Liverpool. 

(. Received April 12th, 1934.) 

The examination of bird body fats has hitherto been restricted to separation 
of the saturated acids present by means of their lead salts (Twitched) or by 
oxidation (Bertram). Bomer and Merten [ 1922 ] state that the acids present in 
a sample of goose fat were palmitic (21*8 %), stearic (3-9 %) and oleic (74*3 %), 
while Grossfeld [ 1930 ; 1931 ] reports for the same fat lower volatile acids ( 0*2 ° ; ) ? 
palmitic ( 20*9 %), stearic ( 10*6 %), oleic ( 49*0 %) and linoleic ( 19*3 %) acids 1 ! 
The latter author also gives two similar component fatty acid analyses for 
chicken fat as follows: lower volatile acids ( 0*1 %), palmitic ( 18*4 19*3 °/ ) 
stearic (8*9, 7-5%), oleic (54*7, 55*4 %) and linoleic ( 17 * 9 , 17-8 %)’ adds! 
Grossfeld pointed out however that the percentage of palmitic acid, calculated 
from the saponification value of the total mixed fatty acids, was about 10 units 
higher than that calculated from the molecular weight of the separated “solid” 
fatty acids and attributed this to the presence of fatty acids of lower molecular 
weight than that of palmitic acid. 

The work about to be recorded proves that this discrepancy is not due in 
hen body fats to the presence of lower saturated fatty acids, but to that of about 
7-8 % of a palmitoleic acid. Indications of this or a similar acid were recently 
reported by Banks et al. [1933] in rat body fats, although lack of material 
prevented decisive evidence being obtained. 

The primary objectives of our experiments were to ascertain the general 
nature of a bird fat and to compare the depot fats from different parts of the 
body. Me were fortunate in having the co-operation of Dr E. M. Cruickshank 
who not only supervised the rearing of the fowls, but was also good enough to 
separate for us the fatty tissues from the abdominal layers, gizzards 2 and necks 
ot the birds. We wish to express our great appreciation of the help thus afforded 
to us by Mr Hainan and Dr Cruickshank of the Cambridge School of Agriculture. 

le specimens of the three body fats which we examined in the first instance 
were from 1_ Light Sussex hens, 2 years old, whose diet had included 7 % offish 
meal containing about 2-5 % offish fat. The results of analyses by the ester 
fractionation method showed, as stated, that palmitoleic acid and also small 
am.oiin ~ ° unsaturated acids of the and C 22 series were present ; and a new 
series of fats from 24 Light Sussex hens (which had received no fish meal), 

' months old, was therefore studied, in order to ascertain whether these acids 

1 The figures given here are the percentages of each acid on the mixed component fatty acids. 
and not (as m the original memoirs) those in the whole fats. 

f pi '^ le & * zzaid consisted of the layer of fat adherent to the gizzard together with the fat 

the! Pfn m6 f T 7? m T bran ! and any Which Was packed around the kidneys. Roughly speaking 
theiefore this fat might perhaps be compared with the leaf and inner back fats of the pig, whilst 

■ abdominal layer is m some respects more akin to the outer lavers of back fat of the pig. 
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originated from those present in the fish meal fat. The results however were 
closely similar to those for the original group, and it is inferred that these acids 
are normal components of hen depot fats. 

Since the diet of the second batch of 24 hens did not contain fish meal, it is 
perhaps preferable to deal with them first in the present paper. The diet of each 
group of birds, from 6 weeks after hatching onwards 1 , was made up of mash 
(bran, maize and Sussex ground oats 20 parts each and sharps 40 parts) and grain 
(maize and wheat). For the group of 24 hens, 10 % of extracted soya bean meal 
and 2 % of mineral mixture were added to the mash, whilst to the mash given 
to the group of 12 hens there were added 7 % each of extracted soya bean meal 
and fish meal (containing 2-4 % fat) and 3 % of mineral mixture. 

The average analyses of the rations were as follows: 


24 hens (fish meal-free) 
12 hens (with fish meal) 


Moisture 

o/ 

/o 

12-4 

12-5 


Ether 

extract 

o/ 

/o 

4-0 

3-8 


Protein 

% 

16-1 

14*1 


Carbo- 

hydrate 

o/ 

/o 

55-3 

57-9 


Fibre 

0 / 

/o 

6-5 

6*6 


Ash 

o/ 

/o 

5-7 

5*1 


The fats were extracted from the tissues by boiling with acetone; at the 
ordinary temperature they consisted chiefly of deep-yellow liquids from which a 
certain quantity of white solid glycerides deposited. Their general characteristics 
are given in Table I. 


Table I. General characteristics of hen fats. 


From 24 hens (fish meal-free diet): 
Abdominal 
Gizzard 
Neck 

From 12 hens (7 % fish meal in diet): 
Abdominal 
Gizzard 
Neck 


Yield of 
fat from 
adipose 
tissue 

% 

97*5 

96*9 

9.6-0 


Extracted fat 


96-4 

95-8 

88-7 


Sap. 

equiv. 

285- 5 

286- 0 

285- 9 

286- 3 
284-5 
284-8 


i.v. 

80-1 

78- 8 

79- 8 

78-5 

79*7 

77-4 


Acicl 

value 

0*7 

1*7 

1-4 


0 - 7 
5-6 

1 - 2 


Mixed 

acids 

setting- 

point 

0 C. 

34*5 

35*1 

34*6 

36*2 

36*5 

36*5 


The component acids present in each fat were separated by means of lead 
salts into “solid” and “liquid” acids, after which the methyl esters of each 
of these groups of acids were fractionally distilled in a vacuum. Analyses of 
the esters of the “solid” acids furnished quite normal results, but those of the 
esters of the “liquid” acids showed two unusual features. In the first place, the 
penultimate and the residual ester fractions in this group possessed analytical, 
characteristics which indicated the presence of small amounts of unsaturated 
acids of the C, 0 and C 22 series; the proportions present were approximately 
calculated as described by Banks and Hilditch [1932], who encountered a similar 
instance in the case of sow body fats. In the second place, the saponification 
equivalents of the most volatile fractions of the “liquid” esters (obtained by 
refractionation of the lowest-boiling primary fraction) were unusually low, and 
when the unsaturated material present therein was calculated on the assumption 

1 Durino- the first 6 weeks the birds were in confinement and their ration included minute 
amounts ofAve oil containing calciferol (0-001 ml. per bird daily); after 6 weeks the birds had 
access to free range. 
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Table II. Complete analytical data for the abdominal and gizzard 
fats from the group of 24 hens. 


(i) Lead salt separation of mixed fatty acids. 
Abdominal layer fat 


Gizzard fat 


g* 

0/ 

,0 

g* 

0/ 

/O 

91*1 

31*8 

89*6 

31*1 

195*0 

68*2 

198*6 

6S-9 


(ii) 

No. 

SI 
S 2 
S3 
S 4 
S 5 
S 6 
S 7 
SS 
S 9 


i.v. 


‘Solid” acids S 
‘Liquid” acids L 


Fractional distillation of the methyl esters of the “solid” acids (8). 

g. Sap. equiv. i.v. cy. 

268*9 1*4 3*59 

269*9 14 5*87 

270*8 14 8*02 

272*3 3,8 9*75 

273*5 2*3 15*53 

274*9 3*0 14*76 

278*9 4*2 14*63 

2S8-5 6*6 6*01 

297*6 10*8 6* 22 


76*77 


Sap. equiv. 

269*5 

269*8 

270*4 

272*0 

272*5 

276*1 

280*9 

289*2 

296*9 


84*38 


1*3 

14 

1*6 

1*8 

2*0 

3*2 

4*8 

6*6 

9*5 


(iii) Fractional distillation of the methyl esters of the “liquid” acids (L). 


No. 

LI 
L 2 
L 3 
L 4 
L 5 
L 6 
L 7 


29*53 

11*59 

12*13 

10*99 

11*47 

12*18 

4*65 

92*54 


Sap. equiv. 

286*1 

291*6 

293*1 

295*1 

2954 

296*5 

312*7 

(297*8)* 


I.Y. 

104*8 

112*8 

114*0 

1154 

116*0 

114*5 

114*8 

(116*0)* 


Sap. equiv. 

284*4 

291*7 

292*9 

293*6 

293*6 

294*8 

308*6 

(297*1)* 


104*1 

116*5 

1174 

117*6 

119*6 

118*1 

123*2 

(119*9)* 


(ir) Determination of saturated esters in fractions L 1. 


Wfc. oxidised (g.) 

TVt. of saturated esters recovered (g.) 
i.v. of saturated esters recovered 
Sap. equiv. of saturated esters recovered 


25*79 

2*24 

1*0 

267*7 


30*15 

2*92 

3*9 

269*9 


No. 
HL 1 
HL 2 
HL 3 
HL 4 
HL 5 
HL 6 
HL 7 
HL S 
HL 9 
HL 10 


(v) Fractional distillation of the hydrogenated methyl esters 
of the “liquid” acids (HL). 

Sap. equiv. 

279*0 
283*1 
2S7-2 
290*7 
293*3 
295*9 
296*3 
297*6 
299*0 
306*9 

(301*2)* 


2*83 

3*02 

6*10 

9*23 

11*77 

1147 

13*88 

13*66 

7*02 

542 

84-40 


i.v. 

O' 

fc>* 

Sap. equiv. 

I.V. 

— 

4*86 

280*2 

1*2 

— 

9*65 

287*5 

1*5 

— 

12*00 

290*6 

1*9 

— 

13*40 

293*9 

2*0 

— 

14*33 

295*8 

2*1 

— 

14*89 

297*0 

9.] 

— 

9*18 

298*8 

1*9 

0*3 

7*58 

313*6 

10*1 

1*8 

— 

— 


(1*7)* 

85*89 

(299*9)* 

(6*9)* 


material. 
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that only unsaturated esters of C 18 acids were present, the consequent equivalent 
of the saturated esters indicated the presence of methyl laurate or of esters of 
i even lower molecular weight [cf. Grossfeld, 1930; 1931]. Careful qualitative 

examination of the acids present in these most volatile fractions showed on the 
other hand that the saturated acid actually present was mainly palmitic, prob- 
ably accompanied by minor amounts of myristic acid; and no trace could be 
detected of acids of lower molecular weight than myristic acid. 

The methyl esters of the “ liquid 55 fatty acids were therefore divided into two 
halves, one of which was fractionally distilled without further treatment, while 
the other was similarly treated after converting it practically completely into 
saturated esters by hydrogenation in presence of a nickel catalyst at 170-180°. 
In the direct fractionation of the “liquid” esters, the first fraction collected 
(which was usually about one-third of the material distilled) was not submitted 
to further refractionation, but was oxidised in acetone solution with potassium 
permanganate in order, as far as possible, to remove all unsaturated esters. 
Consequently, as in the ease of a rat body fat [Banks et at ., 1933], the mean 
equivalent and unsaturation of the unsaturated esters could then be calculated, 
after the proportion and mean equivalent of the saturated' esters (which remain 
unaltered during the oxidation) had been determined. 

When the hydrogenated portion of the “liquid” esters was fractionally 
distilled, it was found in all cases to contain comparatively large proportions of 
methyl palmitate and, indeed, much larger amounts of this ester than were 
isolated by the oxidation procedure to which reference has just been made. 
This fact, in addition to giving an alternative quantitative estimate for palmit- 
oleic acid present (see below), affords definite proof of the existence in the original 
“liquid” esters of an unsaturated derivative of the normal C 16 series of acids. 

The experimental data from which the final compositions of the mixed fatty 
I acids were calculated, by means of the two latter alternatives (oxidation of the 

primary “liquid” ester fraction or fractionation of the hydrogenated “liquid” 

I esters), are illustrated in Table II. This gives the results obtained with the 

abdominal and gizzard fats from the group of 24 hens which had been reared on 
a fish meal-free diet. 

From the proportions and equivalents of the saturated esters obtained by 
permanganate-acetone oxidation of the fractions L I, the weights of the various 
esters present therein were estimated to be as follows : 

j Estimated composition of methyl ester fractions L L 



Abdominal 

Gizzard 


layer fat (g.) 

fat (g.) 

Myristate 

0*19 

Trace 

Palmitate 

2*37 

3*14 

Palmitoleate 

7-18 

10-02 

Oleate 

11-58 

11-57 

Linoleate 

8-21 

9-19 


Apart from this, the calculation of the components of the various ester fractions 
followed the customary procedure, and it may suffice to record here the percentage 
compositions found for the respective “solid,” “liquid and hydrogenated 
liquid” groups of fatty acids (Table III). 

Table IV gives the corresponding data for the total component acids of the 
two fats, derived from a combination of the values found for the “solid” acids 
and for the “liquid” acids by direct ester fractionation (and determination of 
saturated esters in the lowest-boiling liquid ester fraction). 
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Table III. Estimated percentage compositions of the “solid,’ 
and “ hydrogenated liquid 55 acids. 


‘ ( liquid 5 



Abdominal 

Gizzard 


layer fat 

fat 

‘Solid” acids S: 

% (wt.) 

% (wt.) 

Myristic 

0*3 

0*2 

Palmitic 

73*7 

73*1 

Stearic 

22*0 

22*7 

Oleic 

4*0 

4*0 

Unsaponifiable 

Trace 

Trace 

"Liquid” acids L: 



Myristic 

0*2 

Trace 

Palmitic 

3*2 

3*6 

Palmitoleic 

7*7 

11*0 

Oleic 

55*9 

51*6 

Linoleie 

31*9 

33*1 

C 20 _22 unsaturated 

0*8 

0*4 

Unsaponifiable 

0*3 

0*3 

Hydrogenated liquid” acids HL: 


Cl6 

13*4 

14*6 

n 18 

85*6 

84*2 

^20—22 

Unsaponifiable 

0*9 

0*8 

0*1 

0*4 


Table IV. Summarised data for component fatty acids of original abdominal 

and gizzard fats . 

Fatty acids (excluding 
unsaponifiable matter) 


Acid 


Myristic 

Palmitic 

Stearic 

Palmitoleic 

Oleic 

Linoleie 

C 20 _ 22 un saturated 
Unsaponifiable 


Solid Liquid 

acids S acids L 

Abdominal layer fat. 
(31-8 %) (68-2 %) 

0-11 0*14 

23*42 2*15 

7*00 — 


1*27 


5*27 

38*13 

21*77 

0*57 

0*17 

Gizzard fat. 


Total 


0*25 

25*57 

7*00 

5*27 

39*40 

21*77 

0*57 

0*17 


% (wt.) % (mol.) 


0*3 

25*6 

7*0 

5*3 

39*4 

21*8 

0*6 


0*3 

27*3 

6*7 

5*7 

38*2 

21*3 

0*5 


(3M %) 

(68-9 %) 




0*05 

Trace 

0*05 

0*1 

0*1 

22*73 

2*46 

25*19 

25*2 

26*9 

7*06 

7*58 

7*06 

7*1 

6*8 

— 

7*58 

7*6 

8*1 

1*25 

35*55 

36*80 

36*9 

35*6 

22*3 

— 

22*81 

22*81 

22*8 

— 

0*28 

0*28 

0*3 

0*2 

0*01 

0*22 

0*23 




Myristic 
Palmitic 
Stearic 
Palmitoleic 
Oleic 
Linoleie 

C 20 _22 unsaturated 
Unsaponifiable 

. TaUe v gives the corresponding figures for the mixed fatty acids, when the 
increments of acids m the “solid” group are combined with those for the 

r •I t r0 f na f Cd lqU ! d aClds ' In this case allowance has been made for the 
slight alteration m the proportions of the two groups, due to the proportionate 
increase m weight of the * liquid” acids as a result of hydrogenation. 

Since hydrogenation of an unsaturated acid gives rise to the same number 
of molecules of the corresponding saturated acid, and since nearly all the 
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Table V. Summarised data for combination of “solid” acids with 
“hydrogenated liquid” acids of abdominal and gizzard fats. 






Fatty acids 

(excluding 


Solid 

Liquid 


unsaponifiable matter) 

, — A s 

Acid 

acids S 

acids L 

Total 

% (wt.) 

% (mol.) 


Abdominal layer fat. 




(31-7 %) 

(68-3 %) 




Myristic 

0-11 

— 

0-11 

0-1 

0-1 

Palmitic 

23-35 

9-18 

32-53 

32-5 

34-9 

Stearic 

6-98 

58-45 

65-43 

65-5 

63-3 

Oleic 

1-26 

— 

1-26 

1*3 

1-2 

t'*>0 — 22 

— 

0-59 

0-59 

0-6 

0-5 

Unsaponifiable 

— 

0-08 

0*08 

— 




Gizzard fat. 





(30-9 %) 

(69-1 %) 




Myristic 

0-05 

— 

0-05 

0*1 

0-1 

Palmitic 

22-59 

10-06 

32-65 

32-7 

35-1 

Stearic 

7-01 

56-36 

63-37 

63-6 

61-4 

Oleic 

1-24 

1-86 

3-10 

3-1 

3-0 

1 20— ‘22 

— 

0-54 

0-54 

0-5 

0-4 

Unsaponifiable 

0-01 

0-28 

0-29 

— 

— 


palmitic acid in the original fats appears in the “solid” group which is common 
to both series of analyses, a practically independent value for the palmitoleic 
acid present can be derived by combining the molar percentages of palmitic acid 
in Table V with those of Table IV. The stearic acid present in the original fat is 
also entirely segregated in the “'solid” group and (with the minor proportions 
of myristic and C 20 _22 acids observed in the results given in Table V) the acids 
remaining over must originally have been C 18 unsaturated acids. The molar 
percentage of these is therefore now determined by difference (the relative 
proportions of oleic and linoleic acids being calculated on the basis of those 
observed in the C 18 unsaturated esters actually obtained in the course of the 
analysis by the direct fractionation of the “liquid” esters). The corresponding 
deduced molar (and thence weight) percentages of the acids present in the 
original fats, thus derived from the results of the analysis of the “hydrogenated 
liquid ” esters, are given in Table VI, and it will be seen that the palmitoleic acid 
figures in this table and those in Table IV are in good agreement. 

Table VI. Alternative calculation of component acids from the palmitic acid 
figures before (Table IV) and after (Table V) hydrogenation. 



Abdominal lay* 

sr fat 

Gizzard fat 

A 

Acid 

t 

% (mol.) whence 

% (wt.) 

% (mol 

.) whence % (wt. 

Myristic 

0-1 

0-1 

0-1 

0-1 

Palmitic- 

27-3 

25-6 

26-9 

25-3 

Stearic 

6-7 

7-0 

6-8 

7-1 

Palmitoleic 

7-6 

7-0 

8-2 

7-6 

Oleic 

37-1 

38-4 

35-4 

36-6 

Linoleic 

20-7 

21-3 

22-2 

22-8 

G>o „22 unsaturated 

0-5 

0-6 

0-4 

0-5 


We have examined several of the individual ester fractions obtained in order 
to satisfy ourselves as to the identity of individual acids present. 

Biochem. 1934 xxvni 
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(a) The fatty acids from the residual ester fractions L 7, after removal of 
unsaponifiable matter, were brominated in dry ethereal solution, when a very 
small amount of an insoluble bromo- addition product was precipitated, which 
was insoluble in boiling benzene and which decomposed without melting at 
about 220-230°. These properties are characteristic of the polybromo-addition 
products of highly unsaturated acids of the C 20 or 0 22 series. 

(b) Two fractions (L 4 and L 5) of “liquid 5 5 esters which appeared to consist 
wholly of C 18 unsaturated esters were examined, after hydrolysis, with reference 
to the unsaturated acids present : 

The acids (2-1.4 g.) from L 4 yielded no bromo-addition products insoluble in 
ether, but gave 0-42 g. of a substance, sparingly soluble in light petroleum, 
which, after crystallisation from the latter solvent, melted at 114° and showed 
no depression in melting-point when mixed with the tetrabromostearic acid 
isolated in the same manner from the mixed acids of cottonseed oil. 

The potassium salts of the acids from L 5 were oxidised with dilute ice-cold 
alkaline permanganate according to Lapworth and Mottram [1925, 1]. From the 
products of oxidation there were isolated : (i) a tetrahydroxystearic acid (Found : 
C, 62-0; H, 10-0 %. C 1S H S6 0 6 requires: C, 62-1; H, 10*3 %) sparingly soluble in 
hot, and insoluble in cold, water, m.p. 168-171° (unchanged on admixture with 
the tetrahydroxystearic acid, m.p. 173°, obtained from the linoleic acid of 
cottonseed oil); and (ii) the dihydroxystearic acid, m.p. 130-131° (unchanged 
when mixed with an authentic specimen from ordinary oleic acid) . 

(c) As already stated, the saturated acids present in the lowest- boiling 
fractions resulting from redistillation of the fractions L 1 were exhaustively 
examined by fractional crystallisation in several cases. Several crops of crystals 
were obtained, the least soluble of wdiich melted at 60*5-62*0° (unchanged when 
mixed with palmitic acid), whilst the most soluble acids melted at 46-47°; since 
this melting-point was raised to 52-5-55*5° by admixture with palmitic acid and 
to 47-5-50-0° by admixture with myristic acid, whilst addition of lauric acid 
depressed it to below 35°, it is clear that the only saturated components present 
were the two former acids. 

(d) Identification of the saturated C 16 acid produced during hydrogenation 
of the “liquid” esters was also attempted, but the lowest-boiling ester fractions 
(HL 1, equivalent 279-280) already contained much stearate, with the result 
that complete isolation of palmitic acid could not be effected. However, crystal- 
lisation from alcohol of the mixed acids (2-77 g.) from an ester fraction HL 1 
gave a least soluble crop of crystals (1*55 g., m.p. 61-63°) and a second crop 
(0-73 g.) which melted sharply at 55°. The latter crop, the melting-point of 
which was raised on admixture with an equal weight of either palmitic or 
stearic acid, was evidently the characteristic palmitic-stearic acid “eutectic 55 
mixture, whilst the first crop was similarly shown by mixed melting-point tests 
to be a mixture of palmitic with an excess of stearic acid. No indication was 
obtained of the presence of any acids other than palmitic and stearic. 

(e) Finally, after the quantitative analyses had been completed, a mixture 
* of tlie abdominal (500 g.) and gizzard (100 g.) fats from the hens fed on a fish 

meal-free diet was hydrolysed and submitted to the lead salt separation. The 
liquid ^ acids were converted into methyl esters, and the lowest- boiling fractions 
were refractionated several times in order to obtain a mixture of esters as free 
as possible from C 18 unsaturated components. 

. TIie specimen finally obtained (14-8 g, sap. equiv. 270-5, i.v. 80-3) was sub- 
mitted to oxidation (and re-oxidation) in acetone solution with potassium per- 
manganate. Unchanged saturated esters (4-02 g., sap. equiv. 264*2, i.v. 2*8) 
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were recovered, which indicated that the ester fraction oxidised was composed 
of saturated (4*0 g.), palmitoleic (8-7 g.) and C 18 unsaturated (2*1 g.) esters. 

The acidic products from the two oxidations were united, completely hydro- 
lysed, and the mixture of mono- and di-basic acids (9*1 g.) was separated by 
cooling their light petroleum solution at 0°. The insoluble crystalline dibasic acids 
(6*2 g.) were crystallised from water and finally from ethyl acetate, when the 
product (3*1 g.) melted at 95-98° 1 (unchanged on admixture with azelaic acid) 
and had an equivalent of 93*2 (azelaic acid requires 94 * 0 ). The maximum possible 
yield of azelaic acid from the 2*1 g. of C 1S unsaturated esters present in the 
substance oxidised is about 1*4 g., so that azelaic acid must have been produced 
in quantity from the palmitoleic ester. Moreover, the material (2*9 g.) which 
remained in solution in light petroleum was recovered and distilled at atmospheric 
pressure, when a distillate (1*4 g.), which came over at 220-225°, and possessed 
an equivalent of 133*0, was obtained (%-heptanoic acid, mol. wt. 130, boils at 
223°). The residue from this distillation was solid at the ordinary temperature 
and was probably mainly azelaic acid, which is not completely insoluble in ice- 
cold light petroleum. 

The palmitoleic acid of the hen fats is therefore the same as that which has 
been identified in various marine animal oils, and possesses the constitution 
CH 3 . [CH 2 ] 5 . CH : CH . [CH 2 ] 7 . COOH. 

It has been necessary to go into the foregoing details in consequence of the 
somewhat unusual character of the mixed fatty acids of the bird fats; but we 
may now proceed to tabulate the final results obtained for the abdominal, 
gizzard and neck fats of the two groups of birds. Table VII shows the data for 

Table VII. Component fatty acids of depot fats from group of 24 Light 
Sussex kens (age 7 months). 


Weight percentages Molar percentages 


Acid 

r ' 

Abdominal 

Gizzard 

Neck 

r ' 

Abdominal 

Gizzard 

Neck 


(i) Calculated from the direct analysis. 



Myristic 

0*3 

0*1 

0*3 

0*3 

0*1 

0*3 

Palmitic 

25*6 

25*2 

26*7 

27*3 

26*9 

28*4 

Stearic 

7*0 

7*1 

5*9 

6*7 

6*8 

5*7 

Palmitoleic 

5*3 

7*6 

6*6 

5*7 

8*1 

7*1 

Oleic 

39*4 

36-9 

39*0 

38*2 

35*6 

37*6 

Linoleic 

21*8 

22*8 

21*2 

21*3 

22*3 

20*6 

Cog 22 unsaturated 

0*6 

0*3 

0*3 

0*5 

0*2 

0*3 

(ii) Calculated from the results of analysis 

of the ' 

hydrogenated liquid” 

esters. 

Myristic 

0*1 

0*1 

— 

0*1 

0*1 

— 

Palmitic 

25*6 

25*3 

— 

27*3 

26*9 

— 

Stearic 

7*0 

7*1 

— 

6*7 

6*8 

— 

Palmitoleic 

7*0 

7*6 

— 

7*6 

8*2 

— 

Oleic 

38-4 

36*6 

— 

37*1 

35*4 

— 

Linoleic 

21*3 

22*8 

— 

20*7 

22*2 

— 

Ooq 22 unsaturated 

0*6 

0*5 

— 

0*5 

0*4 

— 


the fats from the group of hens whose diet included no fish meal, whilst Table VIII 
shows the corresponding figures for the fats from the 12 hens which received 
7 % of fish meal in their diet. 

1 A small amount of suberic acid (m.p. 132-136°, mixed m.p. 134-136°) was present with the 
azelaic acid; this was probably formed by further oxidation of a little dihydroxypalmitic acid 
produced during the initial oxidation [c/. Lapworth and Mottram, 1925, 2]. 

51—2 
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Table VIII. Component fatty aeid-s of depot fats from group of 12 Light 
Sussex hens {age 2 years) . 


Weight percentages 


Molar percentages 


Acid 

Abdominal Gizzard Neck Abdominal 

(i) Calculated from the direct analysis. 

Gizzard 

Neck 

Myristic 

1-2 

0*6 

1*2 1-5 

0*8 

1*4 

Palmitic 

24-0 

25*4 

24*5 25*5 

27*0 

26*1 

Stearic 

4-1 

4*2 

4*2 3*9 

4*0 

4*0 

Palmitoleic 

6-7 

7*1 

0*9 7*2 

7*7 

7*4 

Oleic 

42-5 

43*0 

42*8 41*0 

41*5 

41*2 

Linoleie 

20*8 

18*4 

20*4 20*3 

17*9 

19*9 

C 20 — 22 misatnrated 

0-7 

1*3 

Trace 0*6 

1*1 

Trace 

(ii) Calculated from the results 

of analysis of the “hydrogenated liquid” 

esters. 

Myristic 

0*9 

0*3 

— 1*1 

0*4 


Palmitic 

24*0 

25*4 

— 25*5 

27*0 


Stearic 

4-1 

4*2 

— 3*9 

4-0 


Palmitoleic 

8*5 

8*0 

— 9*1 

8*6 


Oleic 

41*3 

43*2 

— 39*9 

41*7 


Linoleie 

20*3 

18*5 

— 19*7 

18*0 


C 20 _ , 22 unsaturated 

0*9 

0*4 

— 0*8 

0*3 




Summary and discussion. 

The present work has shown that hen body fats possess specific character- 
istic 8 which distinguish them from those of quadrupeds and also from those of 
fishes or marine mammals. They fall into one of the two broad groups of depot 
fats which are found in non-aquatie animals [ cf . Banks et al, 1933], namely, the 
class in which the component fatty acids contain only about 30-35 % of saturated 
acids. They are definitely not of the more saturated type found in the pit*, 0 x, 
sheep, horse, etc., in which the proportion of stearic acid is variable but usually 
considerable. In the hen depot fats, about 65 % of the component acids beloim 
to the C 18 series, but these are mainly oleic (35-38 %) and linoleie (20-22 °A 
acids , no evidence of acids more unsaturated than linoleie has been observed in 
the C 18 group. 

The presence of unsaturated C 20 _ 22 acids (although in very small amounts), 
but still more the occurrence of notable proportions (7-8 %) of palmitoleic acid 
causes these bird depot fats to possess features which are somewhat reminiscent 
of those of marine animal fats. Indeed, the component acids of the hen fats 
may be regarded as intermediate in character between those of the fats of land 
and marine animals, but they are much closer to such fats as those of the rodents 
than to those of aquatic fauna. 

It may be pointed out that palmitoleic acid (apart from its presence in the 
iats of aquatic animals) has only been reported up to the present in hen and rat 
body fats and m the fats of diphtheria bacilli [Chargaff, 1933] and of lycopodium 
spores [Riebsomer and Johnson, 1933]. 

The presence of 65-68 % of unsaturated acids in the component acids of the 
depot fats of an animal with so high a body temperature as the hen affords 
another interesting example of the fact that body temperature is by no means 
the sole determining factor of the relative saturation of depot fats. At the same 
tl ™f : identical compositions of the fats from three different parts 

of the body of the buds, one of these being situated much farther from the outer 
skm than the others, may be contrasted with the progressive change in relative 
saturation on passing, for example, from the perinephric fat of the pig to the fat 
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lying nearest to the skin; and here it may well be that the more uniform body 
temperature of the feathered animal leads to the absence of any regional 
difference m depot fat composition. The influence of the body temperature is 
thus to be regarded as a secondary factor which may modify tlie composition of 
depot fat; but the specific type of the latter seems to depend primarily on the 
biological species. 

Amongst the saturated acids of the hen fats, myristic acid is present in little 
more than traces, and stearic acid forms only 5-7 % of the total component acids. 
It is very interesting to observe however that, despite the specific features which 
seem to distinguish hen depot fats, their palmitic acid content is exactly of the 
same order (25-30 mol. %) as that found in practically all land animal fats, 
whether relatively saturated or unsaturated, studied up to the present. It is 
perhaps well to emphasise once more the regularity with which palmitic acid 
falls within these limits in the depot fats of land animals of widely varying 
types, and also to point out that a palmitic acid content of 25-30 % is practically 
never met with in the fats of marine animals and is only approached in very few 
instances in vegetable seed fats (in fruit coat fats the presence of even higher 
proportions of palmitic acid is of course less uncommon [Hilditeh, 1933]). 

Finally, we have shown that the occurrence of 7—8 % of palmitoleic acid in 
the hen fats is not dependent on the diet received by the' birds. Within the limits 
of the experimental analytical error, all the six depot fats are closely similar. 
The only general differences between the two groups are that the proportions of 
stearic and linoleic acids are possibly slightly lower, and those of myristic, oleic 
and the Coo -22 ae i c ^ s perhaps somewhat higher, on the whole, in the fats from 
the older birds (whose diet included fish meal) than in those of the others. This 
observation is indeed probably of greater interest in relation to the marked 
difference in age of the two groups of birds (7 months and 2 years respectively) 
than to any slight difference in their diets. The characters of the depot fats are 
the same both in young and in mature birds, fed on similar rations. 

All the foregoing observations of course refer to birds which have received a 
diet of which fat formed only a minor proportion (4 % or less) . 

Our thanks are offered to the Department of Scientific and Industrial 
Research for a grant in aid of this investigation. 
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CXI. FERMENTATION OF SUGAR BY THE 
ROOT NODULE BACTERIA 1 . 



By ARTTURI ILMARI VIRTANEN, MAUNE NORDLUND 
and ELIAS HOLLO. 

From the Laboratory of the Foundation for Chemical Research, 

Helsinki, Finland. 

{ Received April 17th, 1934.) 

The fermentation of carbohydrates by the root nodule bacteria is a question 
of great interest, considering that the ability to fix atmospheric nitrogen must 
necessarily be dependent on the ability to ferment and utilise suitable carbon 
compounds. The solution of this question might possibly throw some light on 
the complicated problem of the mechanism of nitrogen fixation. 

Although a vigorous fixation of nitrogen occurs when the nodule bacteria 
are grown in symbiosis with the appropriate host plant, recent investigations 
have lent additional support to the view that these bacteria are not capable of 
fixing nitrogen when grown apart from the host. Nor does any fixation occur 
when the nodules as such are separated from the host plant and cultivated on 
a synthetic medium, so that the power to fix atmospheric nitrogen cannot be 
attributable to any special difference in the structure of endonodular bacteria. 
In our opinion, all this leads to the assumption that the nodule bacteria receive 

from their host plant some particularly suitable form of carbon nutrition 

probably labile carbohydrates, trioses or hexoses — which enables them to carry 
out the fixation process. J 

The utilisation of various carbon compounds by the nodule bacteria has been 
the subject of numerous and extensive investigations. In this respect, our know- 
ledge has been particularly widened by the work of Baldwin and Fred [1927]. 
These investigations show that nodule bacteria actually utilise a great variety 
of carbohydrates and related compounds, although different strains differ con- 
siderably in this respect. 

The decomposition of sugars by the nodule bacteria generally takes place 
very slowly. Aldohexoses seem to be more readily fermentable than fructose 
The characteristics of the fermentation differ considerably for different strains, 
some strams causing the reaction of the medium to become acid, others alkaline! 
V ery little is known, however, of the fermentation products formed, with the 
exception of the gum or slime which is obviously produced from carbohydrates. 

As far as we know, the actual process of the fermentation of sugars by the 
f.° kacteria is totally unexplored. This is largely due to the fact that by 
the old technique hitherto employed — inoculation of the substrate solution with 
small amounts of the organism in question— the isolation and accurate deter- 
mmation of different fermentation products is scarcely possible owing to the 
very slow rate of the decomposition. We have therefore used in the present work 
the technique employed in this laboratory for several years, i.e. we have culti- 
vated the organism separately on suitable media and' used heavy suspensions 
1 A preliminary note on the subject appeared in the Acta Chemica Fennica, B 4, 62 (1932). 
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of the cell-mass thus obtained to act upon the substrate. The advantages of this 
method are obvious. The increased rate of sugar breakdown renders possible 
the identification and determination of the end-products, whilst the mechanism 
of the fermentation can be substantially elucidated by interrupting the process 
at different stages and determining the intermediate products present. 

Experimental. 

The bacterial species used was a laboratory strain of Rhizobium trifolii 
isolated from red clover and carried in stock for several years. 

For the production of bacterial mass, 300-500 slant gelatin test-tubes were 
used at a time. The nutrient medium was prepared as follows: 

Glucose 5*0 g. 

Asparagine 2*5 g. 

Gelatin 130 g. 

Pea-extract... ... ... 200 ml. 

Tap-water to 1000 ml. 

The inoculated cultures were maintained at room temperature for 4 days, 
after which the bacterial mass was washed off with sterile water. This was done 
in an inoculation room where all necessary apparatus had been previously 
sterilised with a Hg-lamp. The suspension was centrifuged clear, and the bac- 
terial mass was washed with warm sterile water. 100 test-tubes produced 
approximately 1*7 g. of bacterial mass which was practically free from gum. 

A total of 20 fermentation experiments was carried out. Calcium lactate 
was used as substrate in two experiments and calcium butyrate in one, whilst 
glucose (1-6 g.) was used in all other experiments. In most cases, calcium 
carbonate was added to neutralise the acids formed during the fermentation. 
The fermentations were carried out under anaerobic conditions 1 attained by 
filling the fermentation flasks either with carbon dioxide or nitrogen. All fer- 
mentations w r erc carried out at a temperature of 37°. The gases produced were 
collected and measured over mercury. 

The evolution of gas set in, as a rule, about 30 hours after the addition of 
the bacterial suspension. A considerable portion of the gas was hydrogen. 

The destruction of sugar was not complete. In several experiments only 
about one-half of the glucose originally present was fermented. In very few 
cases the destruction of sugar amounted to 75 % or more of the original. Sugar 
determinations were made by Bertrand’s method, and the reducing sugar was 
identified as unfermented glucose by means of its phenylosazone. 

After the fermentation had come to an end, the fermented liquid was tested 
for bacterial purity’ both microscopically and using gelatin plates. Analyses of 
the fermentation products were carried out in the manner generally employed 
in this laboratory. 

In one experiment, sterile nodules w T ere used instead of bacterial suspension 
as the fermenting agent. The nature of the fermentation thereby caused was 
similar to that caused by the bacterial suspensions. 

Results. 

It appeared that the relative proportions of fermentation products were 
closely dependent on the duration of the experiment. During the first stages 
of the process, considerable amounts of inactive lactic acid were formed from 

1 A preliminary experiment was also made aerobically. The presence of butyric acid in the 
fermented liquid was noted, but no accurate analysis of the end-products was made. 


798 A. I VIRTANEN, M. NORDLUND AND E. HOLLO 

glucose. Lactic acid is, however, slowly fermented further with the production 
of butyric acid which is one of the end-products of the fermentation. In addition 
to lactic and butyric acids, small amounts of acetic acid, ethyl alcohol, carbon 
dioxide and hydrogen are also formed. The molecular ratio of butyric 9 acid to 
carbon dioxide and hydrogen is: C 4 H 8 0 2 :C0 2 :H 2 = i :2:2. The fermentation of 
glucose by the root nodule bacteria is thus a butyric acid fermentation. 

Table I shows the results of a series of experiments. In each experiment 
equal amounts of glucose and CaC0 3 and equal amounts of the same bacterial 
mass were used, the duration of the experiments varying from 90 to 306 hours. 

Table I. 

Each flask contained 4 g. glucose, 5 g. CaC0 3 , 2*2 g. moist bacterial mass, 

250 ml. tap-water and was filled with nitrogen gas. 

Exp. No 10 

Duration of experiment, hours 90 

Glucose fermented, % 43-2 

Alcohol, % of fermented glucose 5-25 

Lactic acid, % of fermented glucose 22-6 

Butyric acid, % of fermented glucose 24*2 

Acetic acid, % of fermented glucose 2*9 

For comparison, results from some other experiments are given in Table II. 

Table II. 


11 

142 

50-6 

2*4 

18-2 

27-3 

4*05 


12 

306 

84*35 

6*55 

3*0 

35*45 

Traces 


Exp. No 

Duration of experiment, hours 
Glucose fermented, % 

Alcohol, % of fermented glucose 
Lactic acid, % of fermented glucose 
Butyric acid, % of fermented glucose 
Acetic acid, % of fermented glucose 
C0 2 , % of fermented glucose 1 
•n 2 , % of fermented glucose 


9 
90 
49*2 
3*8 
21*4 
31 -S 
Traces 


14* 

90 

29*0 

Not determined 
26*8 
30*5 
5*1 


7 

96 
72*2 
Traces 
40*2 
13*0 
4*2 

O m JL 

•xt . A 6 ' 0 . , Not determined Not determined 

Not determined Not determined 1*5 

* The bactenaI mass l \sed in this experiment was somewhat too old and had 
' Io st a great part of its activity. 

Identification and determination of different fermentation products. 

■RiJ^hTr aC c?' ^r 1 a N!* ative deter mination of lactic acid was made nsino- the 
Hirsch-Xauffman [1 924] modification of the Ffirth-Charnass method ' 

zinr sh'tftefthl vnl’ Sf* ^ isolated from tlle fermentation liquid as 
zinc salt after the volatile acids had been distilled off with steam The nroduct 

stiSSo'r; h ,°‘ rr “ d **« »■> 

%.') • /o ' WWb*. 3H,0 requires H s O, 18-18; Zuft 

Alcohol was determined according to KurilofF [18971. 
tat ion °fW t0 ^T^T* th ?™ latile neutral substance produced in the ferrnen- 

Thrfhtn a?hT+ e v d qin lj!f sub i ected t0 steam-distillation at about p M 8. 
e distillate was then acidified with sulphuric acid to p„ 2 The volatile sub 

phuTea^dffauauf 1 ^ ^ P^'^hromate and sul 
aecorclin^ o vh^ no^i ' The adds thereby formed were determined 
the oration viS [ i ] * Virtai l en and Pulkki [1928], It appeared that 
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; Example. Determination of the original alcohol content according to Kuriloff 

gave 0*222 g. alcohol in the distillate. From this amount, 46*4 ml. of 0*1 N 
acetic acid were formed on oxidation, corresponding to 0*214 g. ethyl alcohol. 
The value for the semi-distillation was 36*3 % . 

Carbon dioxide. In Exp. 7 the fermentation flask contained: 

Glucose ... 3 g. 

CaC0 3 (pure) 3*5 g. 

Bacterial mass ... ... 3*0 g. 

00 2 -free tap water 300 ml. 

All air in the flask was replaced by C0 2 -free nitrogen. The gases evolved were 
passed into KOH. After completed fermentation the flask was kept in a boiling 
NaCl solution for 1-| hours, a slow stream of nitrogen being passed through the 
apparatus. The weight of C0 2 obtained was 0*665 g. 

On the basis of the figures presented in Table II the following calculation 
can be made: 

0*091 g. acetic acid liberates 0*0333 g. C0. 2 from CaC0 3 
0*871 g. lactic acid „ 0*213 ,, 

0*281 g. butyric acid ,, 0*070 „ 

Total amount of C0 2 liberated by acids =0*3163 g. 

Assuming that in the production of each molecule of acetic acid one molecule 
of C0 2 is split off — for 0*091 g. acetic acid 0*0667 g. C0 2 — the amount of C0 2 
formed in the butyric fermentation will be : 

0*665 - (0*3163 + 0*0667) = 0*282 g. 

I 

I In the above experiment 0*281 g. butyric acid was formed, the ratio butyric 

acid : carbon dioxide being thus 1:2. 

Attempts to measure the C0 2 production directly, using strong buffer solu- 
tions, failed. 

Hydrogen. In Exp. 14, all air was carefully removed from the fermentation 
apparatus by means of carbon dioxide. The gases produced by fermentation 
were first led into a mercury burette and thereafter into a burette filled with 
40 % KOH. The amount of hydrogen was 162 ml., i.e. 13*3 mg. of hydrogen 
at n.t.p., against 12*0 mg., calculated from the amount of butyric acid formed 
(0*265 g.). 

Succinic and formic acids and glycerol. Succinic acid w r as determined only 
in Exp. 1, its amount being found to be 1*2 % of the glucose fermented. Ihis 
small amount might possibly have been formed from the bacterial mass. 

Glycerol is not produced by the nodule bacteria. The same is true of formic 
acid. Determinations according to Eds [1924—25] gave negative results. 

Fermentation of lactic acid by the nodule bacteria. 

This was studied in Exps. 6 and 15, using calcium lactate as substrate. It 
appeared that lactic acid itself is fermented very slowly. Thus, in Exp. 15 only 
5 % of the lactic acid was decomposed in 4 days. In Exp. 6, 1*583 g. of pure 
lactic acid (neutralised with CaC0 3 ) were used together with 1*5 g. of moist 
bacterial mass. From this amount 1*077 g. were recovered after 11 days. The 
extent of destruction was thus only 28 %. Amongst the fermentation products 
were found 0*175 g. of acetic acid and 0*071 g. of butyric acid. 
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Recovery and identification of unfermented glucose in the 
fermentation liquid. 

Exp. 18. The fermentation flask contained: 

Glucose ... 3 o- 

caco 8 ; ;;; 3 |; 

Bacterial mass 3-5 g. 

Tap- water 250 ml 

The fermentation was carried out in an atmosphere of carbon dioxide The 
evolution of gas ceased after 10 days. The volume of the gas was not measured 
The amount of glucose fermented was 2*765 g. or 92*2 °/ . 

After completed fermentation the liquid was centrifuged, acidified with 
acetic acid and concentrated under reduced pressure to a volume of 95 ml. 

, e concentrate, containing 68 mg. sugar (as glucose) were heated rm 
he water-bath with some CaC0 3 for half an hour. After cooMg o" g. 3 fresh 

TennerSe ^ 8 ^ f nnected witb a M-Oml. gas-burette, 

lemperature 3/ . 17-o ml. of gas were obtained in 23 hours and the fermented 

liquid did not reduce Fehhng’s solution. The 68 mg. glucose originally present 
m the concentrate would have given rise to about 33 mg. or 16-5 ml. of DO. 

removed bvHnTwr? *5 “ L ° f tlle concentrate the P rotein substances were 
J,WL HC1 Hg i° r hC merCllry *' as Precipitated with H„S and the hydro- 

CoH 1 ^ 3 T 7° Ve t b ‘ V f Stream ° f air ' The soIution was then brought with 
-Aft \f°? Ph 5 and concentrated in vacuo to a volume of 30ml and 

bath' ThT 1 5 ph ? jlhydr r Zme 1 7 dr0chl0ride and sod ram acetate on the water- 
bath. The phenylosazone formed was washed with hot water and further purified 

50 % alcoho '- 14 of rdl ” ” f “ h 
glucesj redUCing Substance in the fermentation liquid was thus unfermented 

Experiment m which the bacterial mass was grown on liquid medium. 

a nrH 1 Afi' OTVt r ° f A® 11 1 odule bacteria 011 liquid media is generally very slow 
liquid cultures ° re \ 3 flrl3+' t0 3™ co “ siderable quantities of the bacteria from 
3X^b^t° n ° f m0Uld i extract > b °™, promotes the growth 
prepared bv JcZtZ 4 ° T pnffl ?« Iy .8 reat extent ’ TIle mould-extract was 

s,,itab,e media md *>■» 

kno 3 

k 2 hpo 4 

MgSO.,, 7H 2 0 
NaCl 

Glucose ... 

CaC0 3 ... 

Tap-water 

The weight of the bacterial mass obtained was 2 g. 


0-5 g. 

FeCl s 

Traces 

0-5 g. 

MnS0 4 

Traces 

0-2 g. 

Yeast-extract 

200-0 ml. 

0-2 g. 

Tap-water 

. to 1000-0 ml. 


3g- 
3 g- 

250 ml. 
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The experiment was carried out in an atmosphere of C0 2 for 7 days. The 
amount of gas produced was 425 ml. The results were : 


Glucose fermented 
Alcohol ... 
Butyric acid 
Lactic acid 


1*07 g. =35*7 % 

0*039 g.= 3*6 % of ferm. glucose 
0*443 g. = 41*5% 

0*058 g.= 5*5% 


Other products were not determined. 


Experiments with sterile noclules. 


Twenty-four pea-plants, inoculated with Rh. legmninosarum , were grown in 
six Woulff- flasks in quartz sand under aseptic conditions 1 . After 2 months, 
the nodules were aseptically cut off from the roots, crushed in a sterile mortar, 
centrifuged off, washed with sterile water and suspended in a solution 
containing 

Glucose... ... 3 g. 

CaC0 3 3g. 

Tap -water ... 250 ml. 


The weight of the moist nodule-mass was 5 g. Development of gas ceased 
after 67 hours. The volume of gas was not measured. Plate culture on gelatin 
remained clear for over 3 days.. Results: 


Glucose fermented . . . 0*945 g. = 31*5 % 

Alcohol 0*079 g.= 8*4 % of ferm. glucose 

Lactic acid ... ... 0*160 g.= 17*0 % „ 

Acetic acid 0*115 g.= 12*2 % 

Butyric acid ... ... 0*185 g.= 19*6 % ,, 

A comparison of the above results with those given in Tables I and II shows 
that the fermentation caused by separated nodules is, on the whole, very similar 
to that caused by bacterial suspensions, though in the former case slightly moie 
acetic acid and alcohol w r ere formed. 






Catalase content of Rh. trifolii. 

Determination of the catalase content of Rh. trifolii gave the following results . 

*=0-00337, kat. v. = ~^- 6 = 0-0025 x 10-°. 

The catalase content of the nodule bacteria is thus comparatively low. For 
comparison it may be mentioned that Virtanen and Karstrom [1925] and 
Virtanen and Winter [1928] found the following values for the catalase content 
of certain common micro-organisms : 


B. fiuorescens liqiiefaciens 
B. pyocyaneum 
Acetobacter suboxydans ... 
B. coli (10 strains) 

B. acidi propionici 


0*08x10-® 

0*41 x 10~ 9 
0*01 x 10- 9 
0*004-0*02 x 10~ 9 
2*2 x 10" 9 


1 The method thereby employed has been described by Virtanen et al. [1933]. 
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Summary. 

Fermentation of glucose by the root nodule bacteria was studied usinc heavy 
suspensions of Eh. trifolii, grown separately on a pea-extract gelatin medium.*' 

Hie fermentation thereby caused is of the butyric type. During the early 
stages of the process considerable amounts of ^-lactic ''acid are formed from 
glucose. Lactic acid is, however, slowly fermented further with the production 
of butync acid which is one of the end-products. In addition to lactic and 
but^ic acids, carbon dioxide, hydrogen and small amounts of acetic acid and 
ethyl alcohol are also formed. The molecular ratio of butyric acid to carbon 
dioxide and hydrogen is C 4 H 8 0 2 : C0 2 : H 2 = 1 : 2 : 2. ‘ 

Similar fermentation of glucose is also caused by crushed nodules from Diants 
grown m sterile quartz sand cultures. F 

An aqueous extract of mould mycelium was found to stimulate markedly 
the growth of Eh. frifrdu u *y 
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CXII. THE METABOLISM OF NAPHTHALENE 

IN RABBITS. 



By MARGHERITA COTONIO BOURNE and LESLIE YOUNG 1 . 

From the, Department of Physiology and Biochemistry, Ml 

University College, London. jj| 

{Received April 21st, 1934.) = [j 

Interest in the metabolism of aromatic hydrocarbons has been stimulated by I 

the recent work on the carcinogenic properties of certain members of this group I 

of substances. But the problem of the metabolism of naphthalene is of especial t 

interest because of the property which this substance possesses of being able 

to produce, when administered to rabbits in repeated doses, an opacity of the 11 

crystalline lens of the eye which, histologically, closely resembles human senile : | 

cataract [Bouchard and Charrin, 1886; Adams, 1930]. . ^ I 

The work reported in the present paper forms part of a series of investigations [j 

directed towards the discovery of the mechanism by which naphthalene acts I 

upon the organism so as to induce degenerative changes in the lens-proteins. At 

present nothing is known of this mechanism; it is still uncertain whether j| 

naphthalene or some derivative of it formed in the body acts directly on the 

lens, or whether the cataract is a secondary phenomenon resulting from some ! 

metabolic disturbance or toxic action upon a tissue remote from the eve. An <1 

essential step in the solution of this problem appeared to be to obtain some 
knowledge of the fate of ingested naphthalene. Therefore an attempt to identify 
the excretory products of naphthalene in the urine of rabbits has been made. 

It is the purpose of the present paper to describe the isolation and identifi- 
cation of one metabolic product of naphthalene, viz. Z-oc-naphthylmercapturic II 

acid; and to present evidence for the existence of a second metabolite, which 

has not been isolated, but which gives rise to naphthalene on acidification. j 

Experimental. f 

Buck rabbits weighing between 2 and 3 kg. and feeding on oats and cabbage ] 

were used exclusively. Naphthalene was dissolved in warm liquid paraffin and 

administered by means of a stomach tube. Doses of 1 or 2 g. were given to each j 

rabbit and repeated at intervals of 2 or 3 days. The rabbits were kept in in- J 

dividual metabolism cages of suitable size, and the urine was collected separate ! j 

from the faeces. . _ J 

Golour tests for naphthols and glycuronic acid. ! 

Certain authors [Xgersheimer and Ruben, 1910; Edelfsen, 1905], on the j 

basis of colour reactions applied to the urine excreted by dogs after naphthalene J 

feeding, concluded that naphthalene was oxidised to naphthol in the body and jj 

was excreted in the urine as a- or /3-naphthylglycuronate. Lesmck [lb hj j 

isolated a small amount of chemically pure oc-naphthylglycuronate from dog s ' 

urine after the feeding of 12 g. of naphthalene. Penzoldt [1886] was unable to j 
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obtain positive tests for naphthols, but presented evidence for the presence of 
naphthoquinone. Baumann and Herter [1877] obtained no naphthol on distilla- 
tion of acidified naphthalene urine and reported that with steam-distillation 
only unchanged naphthalene came over. 

We have not succeeded in isolating either naphthols or naphthylglycuronate 
from rabbit urine after dosing with naphthalene, but we have obtained posi- 
tive diazo and ferric chloride reactions when these tests were applied to the 
residue from an ether extract of acidified naphthalene urine after hydrolysis. 
We have also obtained positive naphthoresorcinol tests for glycuronic acid 
However, when these tests are applied to so complex a mixture as urine, the 
results cannot be interpreted with certainty, and we are led to conclude that 
although naphthols may be present as ethereal sulphates or glyeuronates the 
amount is small and they do not appear to be the chief metabolic product of 
naphthalene m the case of the rabbit. 

A compound giving rise to naphthalene on acidification. 

The urine of rabbits after naphthalene feeding contains a soluble compound 
which yields naphthalene on acidification. This was demonstrated in the following 
manner. The alkaline urine excreted by a rabbit during the 24 hours following a 
- g. dose of naphthalene was collected. It was divided into two equal portions 
each portion being placed m a conical flask. One portion was made acid with 
HU, the other was kept as control and both were heated on a boiling water-bath 
V\ ithui a short time colourless crystals began to collect on the cool parts of the 
flask containing the acidified urine; in the control flask no crystals appeared 
The crystals were collected washed with dilute acid, dilute NaOH and water- 
hey were dried and resublimed. Their melting-point was found to be 79-5° - 
a mixture of these crystals and naphthalene also melted at 79-5°. A picrate 

twIatlisSd ^ PrePar6d fr ° m th6m - Thdr as naphthalene was 

Naphthalene was not present in the alkaline urine, since none was sublimed 
out on heating the control flask, but was rapidly formed on acidification from 
some soluble precursor present in the urine. Efforts to isolate such a substance 
ia\e so far been unsuccessful. The observation described might be accounted 
or by the presence m the urine of some compound such as dihydro-S-naphtliol 
compound which is rapidly converted to naphthalene by mineral ac-ids 
[Bamberger and Lodter, 189o], and which might conceivably be formed in the 
body as a product of naphthalene metabolism 

I-gl-N ajphthylmercapturic acid. 

This compound is not present in the urine of normal rabbits, nor does it 
occur after the feeding of liquid paraffin alone. It was found in the urine of 
rabbits after naphthalene feeding and was isolated in the following manner 

S ™ 1T et I d iS, ree + abbit l durillg the 4S hours lowing the adminis- 
ation of 2 g. naphthalene to each rabbit was collected and mixed It was 

proportion Sli hW with HC1 and then cone. HC1 was added in the 

S' I0(m ' Urfne - The acidified urine allowed 
volume of chloS * tT ^ 7 hlCh ifc Was twice extracted with an equal 

kyer WaS C0lIected aild transferred to a 
when the 'extract S V of th e chloroi form was distilled off on a water-bath, and 
evaporating dish ieduc ^ d to a smali volume > it was transferred to an 
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The dark-brown, gummy residue so obtained was dissolved in a small volume 
of absolute ethyl alcohol. The alcohol solution was filtered if necessary and then 
diluted with 0-5 A 7 HOI until opalescent. After standing in the ice- chest over- 
night a considerable bulk of precipitate consisting of colourless crystals mixed 
with amorphous brown material settled out. After this had been filtered off' a 
second crop of crystals was sometimes obtained by further dilution of the filtrate. 

The precipitate, after washing with w T ater, was extracted with saturated 
barium hydroxide solution. The filtered baryta extract was acidified with HC1, 
whereupon an impure crystalline product separated out. This material was 
filtered off, w r ashed with water and dried on a porous plate. The impurities 
present at this stage, which imparted a pinkish -brown colour to the material, 
possessed solubilities similar to those of the desired substance; further puri- 
fication was therefore a matter of some difficulty. For this purpose the dried 
material was treated with a few ml. of cold 2 A 7 NaOH; at first all the material 
went into solution, but upon brisk stirring the sodium salt of the compound 
separated out. This precipitate vras filtered off immediately on a sintered glass 
filter and washed with a few- ml. 2 A 7 NaOH. The filtrate, winch was coloured 
dark- brown, contained most of the contaminating substances. The sodium salt 
was dissolved in water; upon acidification of the solution the acid was pre- 
cipitated as colourless crystals. Treatment with 2N NaOH was repeated if the 
product obtained was more than faintly coloured. 

The final stages of the purification consisted in repeated recrystallisations 
from aqueous alcohol until a colourless product of constant melting-point was 
obtained. 


Amounts of 1-oc -napkthylmercapkiric acid present in urine. From the 24 hours’ 
urine of a single rabbit after 1 g. dose of naphthalene 52 mg. of the pure com- 
pound were obtained; 260 mg. of the pure compound were isolated from the 
mixed 24 hours’ urine of three rabbits after the administration .of 1 g. of 
naphthalene to each rabbit. Yields of between 300 and 400 mg. of the pure 
compound were obtained from the mixed 48 hours’ urine of three rabbits after 
the administration of 2 g. of naphthalene to each rabbit. 

Properties of 1 - a - naphthylmei 'capturic acid. It is an easily crystallisable, 
colourless, odourless solid; needles are obtained from aqueous alcohol; m.p. 
170*5-171° (uncorr.). It is insoluble in water and in dilute mineral acids; soluble 
in alcohol, chloroform and pyridine; less soluble in ether, and only slightly 
soluble in hot benzene and toluene; soluble in dilute NaOH, barium hydroxide, 
sodium bicarbonate and dilute ammonia; completely soluble in cone. H 2 S0 4 
and when the solution is w r armed a clear green colour develops. The compound is 
an acid and leaves no residue on ashing. When heated with soda-lime ammonia 
is easily split off. Carbon, nitrogen and sulphur were shown to be present ; the 
test for ethereal sulphates w r as negative. 

Analysis. After drying in vacuo at 80° over P 2 0 5 the following analytical 
values were obtained (Schoeller). (Found: C, 62*14, 62*22 : H, 5*23, 5*38 ; S, 11*24, 
11*16; N, 4*75, 4*64 %. C 15 H 15 0 3 NS requires C, 62*28; H, 5*23; S, 11*09; N, 
4*84%.) 

Mol. wt. By the camphor method, 311 (Schoeller) ; theory requires 289. 

Neutralisation equivalent. The substance was dissolved in neutral alcohol and 
titrated with A 7 /50 NaOH using phenolphthalein as an indicator. . Found: 292; 
C 15 Hi 5 0 3 NS as a monobasic acid requires 289. The compound is therefore a 
monobasic acid. 

Optical activity. The compound is laevorotatory ; a 1 % solution in absolute 
ethyl alcohol has [a] —25°. 
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Constitution of l-a-naphthylmercapturic acid. 

Decomposition by acid. 0-669 g. of the substance was boiled for f hour under 
reflux with 50 ml. dilute H 2 S0 4 (12-5 % by volume). About half of the material 
remained undissolved and was removed by filtration of the hot solution. As the 
filtrate cooled slightly a small amount of crystalline material precipitated; this 
was also removed by filtration. The filtrate, while still warm, was made slightly 
alkaline to litmus by the cautious addition of concentrated ammonia. Upon 
cooling a precipitate appeared which separated out in crystalline form when the 
solution was allowed to stand in the ice-chest overnight. This precipitate was 
filtered off on a sintered glass filter; washed with water and dried at room 
temperature in the air; yield 0-183 g. This was recrystallised from hot water 
and a pure product in poor yield was obtained. 

The recrystallised product was dried in air at 37° and had the following 
properties: insoluble in cold water, cold alcohol, ether, chloroform, and sodium 
bicarbonate solution; soluble in hot water, hot alcohol, dilute NaOH and dilute 
H 2 S0 4 ; completely soluble in cone. H 2 S0 4 and on warming the same green 
colour as is obtained with the parent substance developed. It had no definite 
melting-point but decomposed between 160 and 165°. 

Analysis (Schoeller). (Found: C, 63-23, 63-08; H, 5-36, 5-36; S, 13-10- 
N, 5-44 %. C 13 H 13 0 2 NS requires C, 63-12; H, 5-30; S, 12-95; N, 5-66 %.) 

A comparison of the empirical formula of this derivative with that of the 
parent substance showed that the two differed by C 2 H 2 Q. It was therefore 
concluded that the effect of acid hydrolysis had been to split off one acetyl group 
from the molecule according to the equation : 

C 15 H 15 0 3 NS + H 2 0 -> C 13 H 13 0 2 NS + CH 3 COOH. 

Acetyl estimation. The presence of one acetyl group in the molecule of the 
parent substance was proved by micro-acetyl estimation. (Found: 14-27, 14-21 °/ 
acetyl (Roth) ; theory requires 14-89 % .) ' 

Decomposition by alkali. When boiled with dilute sodium hydroxide the 
compound was decomposed with the evolution of ammonia. Upon subsequent 
acidification of the solution a cloudiness appeared and after standing in the 
ice-chest, an oil separated out, which was soluble in alcohol and ether, gave a 
positive test for sulphur and had a characteristic unpleasant odour which 
suggested naphthylmercaptan. Since its low melting-point made it unsuitable 
for analysis, it was decided to oxidise it in the hope of obtaining a dinaphthyl- 
disulphide. Naphthylmereaptans are easily oxidised by the oxygen of the air 
in the presence of dilute sodium hydroxide. 

0-498 g. of the parent substance was suspended in 50 ml. of 6 % NaOH and 
boiled for j hour under reflux. The solution ^vas then cooled, mixed with 50 ml 
water and aerated for 48 hours. The solution soon became turbid, and a colour- 
less solid separated out during the aeration period. After aeration was complete 
the mixture was allowed to stand in the ice- chest overnight to insure complete 
precipitation , the precipitate was filtered off, washed with water, and recrystal- 
lised from aqueous ethyl alcohol. In this way a product of definite melting- 
point, suitable for purification and analysis, was obtained. 

It was a crystalline substance melting at 89° ; soluble in ether and hot alcohol 
Analysis (Schoeller): (Found: C, 75-60: H, 4-26; S, 20-17 %. C 1(I H, S S C ln H„ 
requires C, 75-44; H, 4-43; S, 20-15 %). This substance is therefore identified 
as aa-dmaphthyldisulphide (m.p. 91°), the melting-point of the ^8-form being 
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Hie fact that aa-dinaphthyldisulphide could be isolated when alkaline de- 
composition of the compound was followed by aeration proves that oc-naphthyl- 
inercaptan was one of the products of alkaline hydrolysis of the compound 

c 15 h 16 0*ns. 

Formula. On the basis of the information obtained by the acid and alkaline 
hydrolyses of the compound a probable constitutional formula can be deduced. 

One acetyl group is present in the molecule, and the amphoteric character 
of the deaeetylated compound suggests that the acetyl group is combined with 
nitrogen. Since one of the oxygen atoms is known to belong to an acetyl group, 
the possibility that the compound is a sulphonic acid is ruled out, and the acidic 
properties of the substance must be attributed to the presence of a carboxyl 
group. 

That the compound is a naphthalene derivative is proved by the identification 
of a-naphthylmercaptan as one of the products of alkaline decomposition. The 
facts that the naphthalene nucleus is linked to the rest of the molecule through 
sulphur and that the linkage is in the oc-position are also established by this 
means. 

The following fragments have therefore been identified : 

SH 

COOH, NH.CO.CH3, 

and of the whole molecule only C 2 H 3 is left unaccounted for. On the basis of 
these facts the following constitutional formula is proposed : 

S . CH 2 . CH . (NH . CO . CH 3 ) COOH. 



This compound is an acetylated cysteine derivative, analogous to p-bromo- 
phenylmercapturic acid, which is excreted after bromobenzene feeding. So far 
as we are aware, it has not been previously described. 

Discussion. 

It has been shown that naphthalene is detoxicated by the rabbit partly by 
conjugation with cysteine and excretion as the mercapturic acid and partly by 
conversion into a soluble compound, not yet identified, which yields naphthalene 
on acidification. It is possible that other naphthalene derivatives, such as 
ethereal sulphates or phenolic substances are also excreted. 

The evidence presented for the suggested constitutional formula of Z-oc- 
naphthylmercapturic acid has been confirmed by the synthesis of this compound, 
which is described in the following paper [Ing et al 1934]. 

Two interesting suggestions arise out of the observations here reported. In 
the first place conversion into the mercapturic acid may be a general method of 
detoxication of aromatic hydrocarbons in the animal body. Callow and Hele 
[1926] presented evidence that benzene as well as bromobenzene is excreted as 
the mercapturic acid, although the phenylmercapturic acid was not isolated. 
Secondly the fact that naphthalene requires cysteine for its detoxication suggests 
the possibility that the cataract which naphthalene produces may result from 
depriving the lens of cysteine. The /3-krystallin of the lens is a cysteine-rich 
protein; glutathione and possibly free cysteine are present in the lens in re- 
latively large amounts ; furthermore the lens, which is an avascular tissue and 

Biochem. 1934 xxvtii 
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dependent on the aqueous humour for its supply of oxygen, is thought to have a 
specialised oxidation mechanism in which the cysteine -containing substances 
play an important role. It therefore seems likely that repeated doses of naph- 
thalene, constituting a drain on the cysteine supplies in the body, might interfere 
with the metabolism of the lens by depriving it of cysteine ; and thus the de- 
generative changes resulting in cataract might be induced. 


Summary. 

An organic acid, C 15 H 15 0 3 NS, identified as l- a-naphthylmer capturic acid, ha* 
been isolated from the urine of rabbits after naphthalene dosing; the isolatior 
and identification are described. 

A second compound, a soluble substance yielding naphthalene on acidifi. 
cation, was also found to be present; this has not been isolated. 

We wish to thank Prof. J. C. Drummond and Dr H. Raymond Ing for theii 
helpful criticism and valuable advice. One of the authors (M. 0. B.) is indebted 
to the Committee on the Physiology of Vision for a personal grant and for a 
grant which has defrayed the expense of this research. 
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CXIII. SYNTHESIS OF Z-a-NAPHTHYL- 
MERCAPTURIC ACID. 







By HARRY RAYMOND ING, MARGHERITA COTONIO BOURNE 
and LESLIE YOUNG 1 . 

From the Departments of Pharmacology and of Physiology 
and Biochemistry , University College , London. 

(. Received April 21st , 1934.) 

In the preceding paper the isolation of an acid C 15 H 15 0 3 NS from the urine of 
rabbits fed with naphthalene was described and evidence presented which 
identified it with reasonable certainty as Z-a-naphthylmercapturic acid, 
G 10 H 7 S . CH 2 . CH(NHAc) . C0 2 H. In order to put this identification beyond 
doubt, the synthesis of this acid was attempted and has now been achieved. 

The best method of synthesising mercapturic acids appeared to be the 
condensation of the appropriate aryldiazonium salt with acetylcysteine. Dia- 
zoniuxn salts, ArN 2 X, condense with thiol compounds to form ArN 2 S.R, which 
decompose when heated in a suitable solvent, evolving nitrogen and forming 
thio-ethers, Ar.S.R [Kalle and Co., 1907]. Friedmann [1904] prepared p- 
bromophenylmercapturic acid in this way by condensing p-bromophenyl- 
diazonium chloride with cysteine and acetylating the p-bromophenylcysteine 
so obtained. In our experiments a-naphthyldiazonium acetate was condensed 
with d- acetylcysteine and the condensation product decomposed in hot water. 
Z-a-Naphthylmercapturio acid was obtained in poor yield and found to be 
identical with the mercapturic acid isolated from rabbits 5 urine. 

Experimental. 

dh Acetylcysteine was prepared by the method of Pirie and Hele [1933]. It 
melted at 108° (uncorr.) and a solution in water had [oc] 5-5° (c — 2*7 %). 

cc-N aphthylamine (3*2 g.), recrystallised from light petroleum, was dissolved 
by warming in water (60 ml.) containing concentrated hydrochloric acid (2*5 ml.). 
The solution was cooled in ice with stirring and a further 2*5 ml. of concen- 
trated hydrochloric acid and 30 g. of ice added. This suspension of oc-naphthyl- 
amine hydrochloride was diazotised at 0° with a solution of sodium nitrite 
(1*6 g.) in water (15 nil.), which had been rendered acid to Congo paper by the 
addition of very dilute ice-cold hydrochloric acid [Bulow and Sprosser, 1908]. 
Sodium acetate (4 g.) in the least amount of water was then added to neutralise 
the hydrochloric acid and the solution filtered to remove a small amount of 
cliazoammonaphthalene. The filtrate was added slowly to a 10 % solution of 
d-acetylcysteine (3*2 g.) in water. An orange -coloured amorphous precipitate was 
formed, which was collected, suspended in water containing a few per cent, of 
alcohol and heated with the addition of copper-bronze powder on the water- 
bath until the evolution of nitrogen ceased. The hot solution was filtered, the 
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copper powder ancl insoluble material washed with boiling water and the united 
nitrates evaporated to small bulk. The semi- crystalline solid material which 
separated was collected and dissolved in potassium carbonate solution, and the 
solution was filtered from resinous material and acidified. The crude mercapturic 
acid, which was precipitated, was extracted with chloroform, and the solid 
residue from the evaporation of the chloroform was crystallised by dissolution 
m a little alcohol and, after treatment with charcoal, addition of water Yellowish 
crystals were obtained melting at 169-170°. 

• X T ^ e GTU ^ e acid (°’25 g. from 5 g. of acetylcysteine) was purified by conversion 
into its sodium salt which, like the sodium salt of the natural mercapturic acid 
crystallises from excess of 2 N sodium hydroxide. The free acid was recovered by 
acidifying an aqueous solution of the sodium salt and was crystallised from 
aqueous alcohol. This process was repeated once more and the acid finally 
crystallised from ethyl malonate, from which it separated in well-formed but 
stfil faintly coloured needles ; yield 0-13 g. (Found: C, 62-30; H, 5-24; N, 4*00: 

19 ‘ 9 ° %• C 15 H 15 0 3 NS requires C, 62*28; H, 5*23; N, 4*84: S, 11*09 % .) 

The synthetic oc-naphthylmercapturic acid melted at 170-171 °, the natural 
^a-naphthylmercapturic acid at 170*5-171° and a mixture of the two at 170 - 171 ° 

The natural mercapturic acid hi 1 % solution in alcohol had FocUf-25 0 and 
the synthetic acid in 1*005 % solution in alcohol had [a]g°— 23*9°. 

„ 1 The synthetic ^o-naphthylmercapturic acid, like the "natural 'product, was 
soluble m cone. H 2 S0 4 and gave a green colour on wanning. 

Summary. 

Z-a-NaplithyWcapturio acid lias been synthesised and proved to be identical 
with the mercapturic acid isolated from the urine of rabbits fed with naphthalene. 

One of us (M C. B.) is indebted to the Committee on the Physiology of 
\ 1 s 10 n of the Medical Research Council for grants. " ° y 
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CXIV. A NOTE ON THE REDUCING ACTIVITY 
OF THE TISSUES OF NORMAL AND TUMOUR- 
BEARING RATS AND MICE. 



S By ARTHUR FREDERICK WATSON and MICHELE MITOLO. 

The Imperial Cancer Research Fund, London , and The Institute of 
Human Physiology , the Royal University , Rome. 

(Received April 17th , 1934.) 

Harris and his colleagues have recently studied the reducing activity of 
acid extracts of a number of animal and vegetable tissues, and have found a 
correlation in most cases between this activity and the antiscorbutic potency of 
the tissues. Whether their technique [Birch, Harris and Ray, 1933] affords a speci- 
fic test for such potency is still a matter of controversy but the authors them- 
selves recognise the limitations of the method unless confirmed by biological 
assay. During the examination of the tissues Harris [1933, 1, 2] found that 
an extract of the Jensen rat sarcoma had a high reducing activity although he 
found by biological tests on guinea-pigs that this activity could not be attributed 
entirety to its ascorbic acid content. Similarly Borghi and Deotto [1934] were 
unable to demonstrate any antiscorbutic activity in extracts of the Ehrlich 
| mouse carcinoma. Boyland [1933] confirmed the high content of reducing 

substances in the Jensen rat sarcoma but found a lower content for a second rat 
1 sarcoma, two mouse sarcomas, a mouse carcinoma (C 63) and a fowl sarcoma. In 

| the case of the Jensen sarcoma but not in the other five tumours, the activity 

of the malignant tissues was higher than that of other tissues of the same animal. 
In commenting on Harris 5 results, Quastel [1933] cited in confirmation the 
greater reduction of ammonium molybdate by acid extracts of human tumours 
than by those of non-malignant tissues. 

These observations have been extended in the present study to a number of 
different strains of transplantable rat and mouse tumours which have been 
propagated over a long period of years in the laboratories of the Imperial 
Cancer Research Fund. The reductions of both ammonium molybdate and 
2 : 6-dichlorophenolindophenol by the tumours and other organs have been 
* examined. The rats were maintained on a mixed diet of bread, meat biscuits, 

boiled beans, maize and kitchen scraps, and the mice on bread and oats, with 
cod-liver oil and yeast three times a week. 

The reduction of ammonium molybdate by tissues of 
tumour -bearing rats and mice. 

The following method was adopted for estimating the relative reducing 

activities of the tissues. . . „ 

The tumour-bearing animal was killed and equal quantities of the ditterent 
tissues ground up with dilute acetic acid and purified silver sand in halt, g. ass 
centrifuge pots. 20 % ammonium molybdate was then added in equal amounts 
to each of the pots, which were incubated at 37° or 50° for 60 or 90 minutes. 
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Q ? e ,L eS * reSUltS Were usualI y obtained when 2 ml. of 3iV acetic acid and 
o nil. or wO f 0 ammonium molybdate per 0*2 g. of tissue were used. 

The intensity of the blue colour of the supernatant fluid after centrifuoW 
was employed as a criterion of the degree of reduction of the molybdate. ° & 

Iwo rat tumours and eight mouse tumours were examined by this method 
and the results are shown in Table I. 

Table I. The reduction oj- ammonium molybdate by the tissues of rats and 
mice with transplantable tumours . 


Tumour 


Relative reducing values 


Animal 

Rat 

* 5 ' 

Mouse 


Strain 

Jensen 

Walker 

Crocker 

37 

Bonne 

173 

2146 

2146 

91 

113 

200 


Type 

Sarcoma 

Carcinoma 

Sarcoma 

Tar sarcoma 
Tar carcinoma 
Carcinoma 


Age 

in 

days 

22 

19 
38 

15 

14 
21 
28 

20 

15 
66 
28 
18 


Necrotic 

Liver Spleen Brain Muscle Kidney Lung ^issup 1 ' 

o e\ 


2 


Non- 

necrotic 

tumour 

tissue 

5 

4 

5 

4 

4 

2 

4 

4 


The intensity of the blue colour was determined by comparison with an 
arbitrarily chosen standard, and the data in the right-hind columns afford In 
approximate comparison of the reducing activities of the tissues The Jensen ™t 
sarcoma and the Walker rat carcinonmshowed 

the other tissues of the same animals. In the majority of the mouse tumours l 
similar increased activity of the malignant tissues was found. Exceptions were 
the Bonne and the 173 sarcomas and the 91 carcinoma, where the srfeen Z Z 

tb-f a 1V6r reSpectlV f I { f howed greater reducing activities. A slight reduction of 
the ammonium molybdate was effected even by the highly necrotic portions of f 

The reduction of 2 : 6-dichlorophenolindophenol by acid extracts of the tissues 
of normal and tumour-bearing rats and mice. 

A slight modification of the technioue of Birch t>i nl r j noo-i i 

testing the redncing activity of the eX£ l,WI ™ fot 

Ihe animals were killed and the organs removed •> ml of in o/ r 1 1 
trichloroacetic acid were added to ™,n 7 “}• ot 10 % ice-cold 

different organs which were then lroimd wTtb qU ? ntlh f f f , each of the 

smaU hard glass centrifuve-nots 9 ml ° f pimfied Sllver sand in 

ease, and the material ™V„trif"ved 5 1" “f 

supernatant acid extracts were poured off into eSnVlff centr , lfu f m g> tlle 
tilled water were added in ihl t t °? T label | ed beakers. 4 ml. of dis- 

eentrifuging was continued for a fhrthlr ^Inutes^TWs™ ^ 

was then added to the contents of A™ U 4 es ' _ Thl f second supernatant 

was found to be unnecessary The q c ° rre sponding beaker. A third washing 

therefore the acid extractives of the origi„,LSh“d ‘i™*”®' ”*** 
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These extracts were then titrated against a measured volume of the 2:6- 
dichlorophenolindophenol indicator. The indicator solution was made by dis- 
solving 0*05 g. of the dried substance in a small quantity of boiling distilled 
water and filtering. The undissolved residue was extracted with a further quantity 
of boiling water and the total volume of the filtrate made up to 50 ml. The tissue 
extracts under examination were run from a micro-burette into 1*0 or 0*5 ml. 
of a 1 in 10 dilution of the indicator as prepared above, in a small beaker. 
Table II shows the reducing activities of the various tissues. The figures represent 
the ml. of the indicator solution (1 ml. of which was equivalent to 0*04 mg. of 


a commercial sample of ascorbic acid) reduced by the extract from 
tissue. 


of 


Table II. The reducing activity of the acid extracts of the tissues of normal 
and tumour -hearing rats and mice. 


Tumour 


Relative reducing activities of tissues 
ml. 2 : 6-dichloroplienolindophenol solution 
(1/10,000). reduced by extract from ,1 g. of tissue 


Age 


No. Animal 
1 Rat 


Strain 

Jensen 


Type 

Sarcoma 


days 

31 


Liver 


5-2 


8 

26 


8-2 


Spleen 

8*7 

8-8 


Walker 


Care. 


39 

80 


Normal 


21 


7-6 

4-9 

3-8 

10-0 

10-0 

9-1 


94 

7-5 

6-9 

8*7 

9-7 

94 


Brain 

8*7 

7 - 8 

8 - 3 

9 - 7 
6*6 
4-9 
8-0 


Kidney 

3*5 

5*7 


Lung 


Necrotic 

tumour 

Testes Embryo tissue 


8-6 


3-0 

3*1 

5-3 

5-8 

5-7 


84 


6-0 


5*2 

5*7 

8*2 

3-7 


8-0 

74 


8*4 


Mouse 


Crocker 

37 

37 

Bonne 

173 

173 

2146 

113 

4108 

Normal 


Sarcoma 


21 

13 


Tar sarc. 


25 

7 

15 


Tar care. 

Care. 

Sporadic 


22 

9 


80 


10*5 

9*5 

84 

7*3 

8*5 

5*7 

10*5 

8*3 

9*5 

12*3 

8*9 

9*0 


14*5 

8*3 

8*2 


7*6 

10*0 

11*2 

13*0 


16*3 

16-0 


10*4 

12*7 


14*3 

16*3 

12*3 

11*6 

13*1 

12*5 

11*1 

14*0 

13*5 

15*7 

14*8 

17*0 


9*0 

5*0 

7*5 


13*3 

8*0 


8*5 

6*9 


8*0 — 


8*0 

9*6 

7*0 

7*6 


12*0 


— 11*9 


15*8 

14*0 

9*3 


Both the Jensen and Walker tumours showed greater activity than the other 
tissues of the same animals. The variation in the reducing values of the rat 
tumours was small (minimum 10-7 ; maximum 14-5) . There was a greater variation 
in the reducing values of the different strains of mouse tumours (minimum o , 
maximum 16-0) and in most cases the values were of a lower order than those 
for the spleen or brain. The high reducing activity of the brain tissue is of 
interest in connection with some experiments which one of us (M. M.) has 
carried out in collaboration with Dr F. G. Young in the Biochemistry Depart- 
ment at University College, London [Young and Mitolo, 1934 . The, general 
properties of the reducing substance prepared from ox brain clearly differentiate 
it from ascorbic acid and in this respect it shows a similarity to the reducing 
substance in tumour tissue [Harris, 1933, 2; Borghi and Deotto, 1934]. 

Tumour 4108 was the 6-weeks old autoplast of a spontaneously occurring 
mammary carcinoma. Both the non-necrotic and the necrotic portions ac 
high reducing values. The values for the tissue extracts of normal tumour-free 
rats and mice were of a similar order to those of the tumour-bearing animals. 


Non* 

necrotic 

tumour 

tissue 

10*7 

11*2 

10*8 

14*5 

13*3 

10*7 


14*1 

7*2 


P. 

9*2 

10*0 

6*7 

6*7 

9*5 

14*3 

16*0 
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Although there is a considerable variation in the reducing values of +] 10 
transplantable tumours of different strains, the values of tumours of the 
strarn show less variation even under different conditions This is shown bv ^ 6 
simdanty of the values for («) tumours of the same or difeent ai^ S) mtt 

P f° d 0f ^l 11 “ d W °“ «» Wursi i„°d “ y \ 0 t 0 “ d 

»d rn of dll * “ d Wsller rat ta “ *” d rno™. tamo»r“ s7 

anr V/, dlfferent a ges were very similar (Table II) . 

• Multiple transplantable tumours. In cases where two transplants were ovule 

lw y X e “lt : Udng T * lu “ ° f tl,e SubB 'i“" t —ppnm! 


Relative reducing activities 


2146 (mouse tar carcinoma) 


Left 

tumour 

1. 9-5 

2. 10-2 


Right 

tumour 

9-2 

10-0 



tum^TwSb T d sp ° nta ! leousl y jessing tumours. In two cases Jensen rat 

reducing vIluLTnotaZf^T^es^T 60113 regreSsion were found *> have 
for the normal progress^' *«* “ 

Summary. 

isSpSHSlsH?-’-- 

thaff those of the liver ' snletn or tumour extracts were more active 

**•? e i^j‘T mr ’ b *■» * Mire *" 

tumours of°&re5\ta^ n S^!i k ''“'j’J' 011 the red ™*« activities of the 
comparativer«XmThhS ,h l . h ° *" mo " rs ° Ctl “' “ strain are 
for (a) tumiLrSfc' J *l5 T <* “» »*»h» value, 

tumours in the same animal and M ^ agGS ’ ^ multiple transplantable 
tumours. ’ progressing and spontaneously regressing 

uJt fci'SS s? M & T r h f T * " umb “ » f “» ‘™™ 

M t0 1Vh H ‘ E - Ada ms for help with the analyses. 
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CXV. THE FORMATION OF COPROSTEROL 
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I. POSSIBLE ROLE OF BIHYDROCHOLESTEROL, AND A 
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IN PRESENCE OF COPROSTEROL. 
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Cholesterol of exogenous or endogenous origin is eliminated with the faeces 
mainly in the form of coprosterol. Soon after the discovery of this compound 
by Bondzynski and Humnicki [1896-97] it was suggested that coprosterol is 
formed by bacterial hydrogenation of cholesterol in the intestine, but no definite 
proof of this theory has as yet been forthcoming. All attempts to convert 
cholesterol into coprosterol by bacteria in vitro have been unsuccessful. 

Human faeces contain, besides coprosterol, small quantities of unchanged 
cholesterol and dihydrocholesterol [Windaus and Uibrig, 1915]. Schonheimer 
et al. [1930] have shown that dihydrocholesterol is formed from cholesterol in 
the body tissues (or synthesised there) and is continuously secreted into the 
intestine, but intensive search for coprosterol in the organs has failed to reveal 
it even in traces. It is possible that the intestinal bacteria effect the stereo- 
chemical inversion of the secreted dihydrocholesterol at carbon atom 5 rather 
than the hydrogenation of the double bond in cholesterol. Were this the case, 
ingested clihy dr o cholesterol should, at least in part, reappear as coprosterol 




Dihydro cholesterol 


(abbreviated) 


Coprosterol 


in the faeces. Feeding experiments designed to test this view can be carried 
out approximately quantitatively because neither coprosterol nor ^dihydio- 
cholesterol can be absorbed from the intestine [von Behring and Schonheimer, 

193 °]. ^ , . . 

To this end a method for the quantitative determination of dihydrochoie- 
sterol in presence of coprosterol is necessary. As these two isomerides closely 
1 This work was aided by a grant from the Josiab P. Macy, Jr.. Foundation. 
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resemble each other in physical and chemical properties, few ways of doiim this 
otter themselves. At first an attempt was made to estimate the amount of both 
sterols m a mixture with the aid of the fact that they are converted by sodium 
ethylate (or sodium in xylene) into the non-precipitable isomerides (epichole 
stanol and epicoprosterol) to a different extent. This method proved to be im- 
practicable for analytical purposes as the values were not well reproducible, 
the method finally adopted involves the differential solubility of the dimtonides 
of the two substances [Schonheimer and Dam, 1933]; coprosterol digitonide 
dissolves to the extent of 2g. in 100 ml. of methyl alcohol, while the corre- 
sponding solubility of dihydrocholesterol digitonide is only 0-35 g A curve can 
therefore, be constructed whereby the composition of a mixture of the two can 
be determined directly from its solubility in methyl alcohol. 

With the aid of this method it has been possible to show that dihydro- 
c lolesterol given by mouth is excreted unchanged and is not converted into 
coprosterol. 

Experimental. 

1. Curves for the solubility of mixtures of the two sterol digitonides 
in methyl alcohol . 

The digitonides were prepared by precipitation of 0-5 % alcoholic solutions 
f. , tlle f^ 01 mixtures with digitonin (50% excess, time of precipitation 
r. bours . k .9“ account of tke solubility of coprosterol digitonide in ethvl alcohol 
the precipitates were washed with 20 ml. of a saturated solution of coprosterol 
digitonide m 96 / 0 alcohol and finally with 1 ml. of ether. For the solubility 
etermmation, quantities of about 135 mg. of the digitonide (dried at 110°) 
vnre weighed out m small flat-bottomed glass vessels and again dried; a loss 

Then e enoufhTtb bSerV H d ™ g *°. the hygroscopic character of the substance. 
iw.l g \ f *1 prodllct was tak en out to leave 127 ± 0-5 mg. in the vessel 
wuch was placed m a narrow, stoppered glass cylinder and covered with a 

Th^Tl ^ *? Cy ii nder shaken ov emight in a thermostat at 25 ±0-1° 
then fil . tered and the dry residue determined in 2 ml. of the 
wf ° are , mUSt be taken that the methyl alcohol is dry, for the least 

trace of moisture depresses the solubility of the digitonide. The methyl alcohol 

Sd distilMwhh tb 16d t b ° iling f ° r 20 minutes witk calcium turnings 

_^id distilled with the exclusion of moisture by means of a calcium chloride tube 

storage!* 3 P "“ Ut, °“ ™ to by moIsTre d“„g 

of SchTnhS Se P arat , ion of tke saturated sterols from cholesterol by the method 
of Schonheimer involves preliminary treatment with bromine, a solubility curve 
was also constructed of the digitonides which had been precipitated in alcohol 
containing sufficient bromine to give it a .yellow colour. The presence of bromine 

wS obtoed rtirttof y ° f r h l («»"e 2, Fig! 1). All the values 

so.wr„r 1 * th same dl g lton m preparation, for digitonins of different 

sources are known to possess slightly different properties 

to the S h I " t0 estimate dihydrocholesterol added 

from the wt ' Satllrated s * ero,s ^ted from faeces. The saturated sterols 
were tinted after S? ** COntaiaed very little plant sterol 

present in4het^+ that traces of an unknown more soluble substance were 
1 esont m the mixture. Attempts to isolate a more soluble saturated fraction 



mm ** — • hi hi ■Hi in i 
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: 

\ by fractional precipitation with, digitonin of the mother-liquor from the pre- 

? paration of coprosterol led only to a cligitonide with a maximum solubility of 

46*7 mg. in 2 mil. of methyl alcohol. In the feeding experiments a special curve 
(No. 3 in Fig. 1) was therefore employed which related not to the content of 
dihydrocholesterol in a mixture with pure coprosterol but to the composition 
of mixtures of dihydro cholesterol and the saturated sterol of faecal origin. 
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Fig. 1. Solubility of digitonides from coprosterol and dihydro cholesterol in absolute methyl 
alcohol at 25°, 127 mg. digitonide + 5 ml. methyl alcohol. 1. Digitonides precipitated with- 
out bromine. 2. Digitonides precipitated in presence of bromine. 3. Digitonide of sterol from 
human faeces -1- dihydrocholesterol, precipitated in presence of bromine. 

The experimental findings are reproduced in Fig. 1. With the aid of these 
curves good recovery of added dihydro cholesterol was made from both copro- 
sterol and the sterols of faeces. By means of curve 1 it was found that on 
hydrogenation of 0*2 g. allocholesterol with 0*2 g. of platinum oxide with 
hydrogen in cold ether, 55 % of coprosterol and 45 % of dihydrocholesterol 
were produced. The solubility of the digitonides of the reaction product was 
23*8 mg. in 2 ml. of methyl alcohol. 

2. Feeding experiments with dihydrocholesterol. 

A healthy individual was kept on a constant diet of which the sterols were 
almost entirely of animal origin. The diet for each period consisted of 930 g. 
blitter, 400 g. 30% cream, 280 g. lean pork, 500 g. potatoes, 100 g. barley 
porridge, 732 g. zwieback and 40 g. Graham bread. During the experimental 
period he received a supplement of dihydrocholesterol approximately corre- 
sponding to the amount of total sterols excreted in the faeces. The total and 
saturated sterols were determined in the stools during a pre-experimental, an 
experimental and two post-experimental periods, and the solubility of the 
saturated sterol digitonides was measured. Each period occupied 5 days, of 
which the last was made a fast day in order to obtain a better differentiation 
of the periods (the day before the beginning of the experiment was also a fast 
day). The beginning of each period in the faeces was marked by a carmine tablet. 

During the experimental period 3*45 g. of dihydrocholesterol, dissolved in 
butter, were taken, distributed through 12 meals. Immediately after defaeca- 
tion the stools were ground with sodium sulphate and finely powdered, an 
accurately weighed sample (corresponding ronghly to a 24-hour quantity) was 
extracted with ether and the amounts of total sterols and saturated sterols 
determined by Sehonheimer’s method. The precipitation of the digitonide of 
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the saturated sterols, employing 50 % excess of digitonin, was carried out after 
domination m alcoholic solution. The solubility of the precipitates was deter- 
mined, and the content of dihydrocliolesterol calculated from curve 3, Fig. 1. 


Table I. 


Total unsaponifiable 
Total sterol 
Saturated sterol 


Balance experiments with dihydrocholesterol. 


Pre- 

experimental 

period 

g* 

5*35 

4-23 

3*6o 


Experimental 

period 

3-45 g. added 
dihydroehole- 
sterol 

g- 

9*91 

8*42 

7*41 


1st post- 
experimental 
period 

g* 

7*22 

5*88 

5*20 


2nd post- 
experimental 
period 

g* 

5*71 

4*26 

3*42 


Determination A 
Determination B 

Amount of dihydrocholesterol: 
Determination A 
Absolute amount 
Determination B 
Absolute amount 


mg. 

mg. 

43*8 

27*1 

43*9 

27*6 

o% 

38% 

0g. 

2*81 g. 

0% 

37 

Og. 

2*74 g. 


mg. 

33*4 

35*0 


20 % 
1*04 g. 
18 %- 
0*94 a. 


mg. 

44*3 

43*6 


0 9 
0 

0 % 
Off. 


o 


Erom Tabk I it will be seen that dihydrocholesterol added to the diet was 
not excreted entirely during the experimental period, but a considerable portion 
appeared during the first post-experimental period. The whole amount of in 
gested dihydrocholesterol was recovered within these two per od 3^5 

ST r°h° Ie r ^ r 6 f ° Und 111 the determination and 3-68 <i in the 
second, llie limit of error in the rather complicated experiment must however 
be considered relatively high, perhaps 10-20 % . however 

,v in ] t iu* influence of the relatively large quantities of ingested dihvdro 
cholesterol the resorption of part of the cholesterol is apparently pretented' 
with resulting bacterial conversion into coprosterol (see the follow^ paper)’ 

7 07 d t? a fi^? re t XP ! r T e f tal i Peri ° d and the second Post-experimentalperiod 
a . m all of saturated sterols were excreted. During the experimental and 

cDoIestP-ml ™ ** * o 6 b8 ~ 3 85 g * f tllls were found to consist of diiiydro- 

htttS'for m SZ2 if h T, of This S 

“^ hoIeteo1 i — “ >»“« ™> «■ 

and fta lT^i^fafS >l |irioT^“‘ bl<S ’“‘T’ f °" t8d in th « anperimontel 
rwiPT’ -fbo ^ P Tiods is increased only to a small extent (10 °/ i 

mental period^Thitts bTTT du ™ lg . tlle experimental and first post-expeii- 

thrSeHhat the non «f el T b ^ y0nd ^ Iimit of Nation and thus supports 

does mt orisi “ te &0 ” 
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I 

^ Summary. 

I A method is described for the determination of dihydrocholesterol in presence 

| of coprosterol depending on the differential solubility of the corresponding 

1 digit onides in methyl alcohol. 

With its aid it is shown that dihydrocholesterol added to the diet is not 
converted into coprosterol but reappears unchanged in the faeces. 

1 

The author wishes to express his indebtedness to Prof. R. Schonheimer, 
| formerly Head of the Department of Chemistry in the Pathological Institute, 

Freiburg, for many suggestions during the progress of this work. 
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Although various investigators [Bondzynski and Humnieki, 1896-97- Schon 
heimer et al, 1930; Benmer and Bischoff, 1930] had reported the failure of 
attempts to convert cholesterol into coprosterol by bacteria in ,1,7 ^ f 
stated by Bischoff [1930, 1, 2] that the degree of saturation of faecal sterok 
increases when faeces are putrefied. This result, obtained by applying thefodme 
method of Burger and Wmterseel [ 1929 ] to sterols isolated from their dHtoniZ 

method for the determination of dihydrooholesterol id ooproEl ife TT * 

Experimental. 

a rz-STiX-assar s- — t -srst-is 

w ° bMy *"“ roWo 

out^rioT^f 5 Zf F rT My “ * “>*>' “1 weighed 

“'“I™ ™ “<>» *-”* h d» of fc Jo> iah Macy, J,„ 
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was isolated, and the saturated sterols were determined according to the method 
of Schonheimer [1930]. Only when the degree of saturation was very small 
(when cholesterol was added to the faeces or with a milk diet) did cholesterol 
dibromide crystallise from the alcohol on addition of bromine. In general 
30-100 mg. of digitonide were obtained ; only with low degrees of saturation 
were the amounts smaller than this, in which case the accuracy of the results 
was correspondingly influenced. 

1. Putrefaction of faeces without additions . 

Table I. 

Total sterols in 10 g. 

A 

( 

Before After 

incubation incubation 

f A '» c > 






Satura- 


Satura- 





Amount 

tion 

Amount 

tion 




Diet 

mg. 

O' 

.0 

mg. 

0 

/o 

Incubation 

1. 

Adult (H. D.) 

Mixed 

94-8 

91*6 

92 

92*6 

Aerobic, 49 hrs., 40" 

2. 

„ (S) 

?!> 

63-0 

78*6 

65 

88 

In H a , 7 days, 38° 

3! 

,, (corpse) * 


75*2 

80*0 

77*8 

87*5 

In Ho, 10 days, 38° 

4. 

(E. jo 

Milkf 

59*8 

69*6 

61*8 

79*5 

In Ho' 48 hrs., 37° 

5. 

■ „ (I. D.) 

MilkJ 

85*2 

2*5 

85*3 

1*8 

In Ho, 67 hrs., 38*5 i: 

6. 

Infant (8 days old) 

Milk 

81*2 

8*5 

80*2 

9*1 

Aerobic, 48 hrs., 37 


* Colon contents. 

f 4 litres daily, beginning 4 clays before experiment. 

j; 1 litre milk, 0-5 litre 30 % cream, I zwieback, daily, beginning 4 days before experiment. 
p R of the faeces = 8-1 (quin by drone) (a few days earlier the faeces were acid). 

Ill none of the experiments was a decrease observed in the total sterols 
during putrefaction, the difference tying within the limits of error. In Exps. 
2, 3 and 4 hydrogenation of the sterols is clearly evident. No hydrogenation 
occurred in Exp. 1, which may be ascribed to the fact that the initial degree 
of saturation was very high (92 %). These experiments confirm the observation 
of Muller [1900] that the degree of saturation of the sterols falls on a milk diet. 
In cases of extremely low initial saturation (Exps. 5 and 6) no hydrogenation 
occurs during putrefaction. 

2. Putrefaction of the contents of the jejunum and, ileum . 

The amount of cholesterol hydrogenated during putrefaction of colon con- 
tents and faeces even in the positive experiments could be only small, for the 
major part of the sterols existed at the outset in the form of coprosterol. An 
experiment (No. 7, not reported in the Tables) was accordingly undertaken with 
the united contents of the jejunum and ileum, in which hydrogenation has, as 
a rule, proceeded only to a slight extent. The material employed was obtained 
from the individual whose colon contents were examined in Exp. 3 (Table I). 
On analysis 10 g. of the fresh material showed 23*6 mg. of total sterols of which 
2*5 % was saturated; after incubation for 10 days at 38° in H 2 the total sterols 
were 24*8 mg. with 2*6 % saturation. The hydrogenation of sterols thus appears 
to be associated with the contents of the large intestine. 

3. Putrefaction of faeces with added cholesterol. 

As the cholesterol for these experiments had to be in a form that could be 
attacked by bacteria, crystalline material was unsuitable. Egg-yolk, known to 
be rich in cholesterol, was employed; or cholesterol was either brought into 
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solution in bile acids and fatty acids or employed in the form of the water- 
soluble ester salts synthesised by Sehonheimer and Breusch [1932]. In later 
experiments (Tables III and IV) colloidal cholesterol solutions secured from the 
firm of von Hey den were also employed. All added solutions were neutralised 
to litmus, 

Table II. 

Total sterols 
in 10 g. 

A 






Satura- 





Amount 

tion 



Substance 

State 

mg. 

O' 

0 

Incubation 

S. Adult (H. D.) 

35 g. faeces + 15 g. 

Fresh 

120 

61-4 



egg-yolk 

Incub. 

120 

64-9 

Aerobic, 48 hrs., 37° 

9. „ (E. J.) 

100 g. faeces + 18 g. 

Fresh 

93*4 

69-3 



egg-yolk 

Incub. 

93-5 

85-4 

In H 2 , 49 hrs., 39-43° 

10. „ (S) 

8 g. faeces + 10 ml. 

Fresh 

— 

33-2 



sol. A 

Incub. 

— 

36-1 

In H 2 , 4 hrs., 37° 




— 

34-4 

In Ho, 47 hrs., 37° 

11. „ (corpse) 

60 g. colon content 

Fresh 

207 

60-7 



+ sol. B 

Incub. 

204-5 

74-7 

In Ho, 18 days, 37° 

12. (S) 

8 g. faeces + 1-5 ml. 

Fresh 

115-2 

43-8 



sol. C 

Incub. 

114 

50-8 

In Ho, 7 days, 38° 



ss 

117 

52-3 

In N 2 , 7 days, 38° 



?? 

113 

43-8 

Sterilised in boiling 






water-bath, then r 
days at 38° in H 2 

13. „ (S) 

20 g. faeces + 3 ml. 

Fresh 

— 

45 

„ 

sol. JD 

Incub. 

— 

58-4 

In Ho, 9 days, 37° 


All were on mixed diet. 

Solution A. 6-2 g. sodium desoxycliolate, 1 g. sodium stearate and 0*35 g. cholesterol in 30 ml. 
•water. 

„ B. 1*2 g. sodium salt of monocholesterylbutanetetracarboxylic acid in S ml. water. The 
whole solution w*as added. 

„ C. 1-5 g. sodium salt of monoeholesterylbutanetetraearboxylic acid in 25 ml. water. 

„ I). 0-6 g. sodium salt of monoalloeholesterylbutanetetracarboxylic acid in 6*5 ml. water. 

Cholesterol in egg-yolk or in the form of soluble preparations was only 
slightly hydrogenated, the increase in saturated sterols being little more than 
that obtained without the addition of cholesterol. 

A parallel experiment in which allocholesterol was added in the form of its 
soluble acid ester (Exp. 13) was also carried out. The failure of an attempt to 
convert allocholesterol into coprosterol by putrefaction has been reported by 
Beumer and Bisehoff [1930]; these authors however had heated the allochole- 
steroi before the experiment, a procedure which may have converted it into 
cholesterol. The soluble allocholesterol ester was not converted any more rapidly 
than the analogous cholesterol ester. The addition of large quantities of bile 
acids and fatty acids appears to dimmish the extent of hydrogenation. 

4. Effect of formates on putrefaction . 

Sodium formate, which is an efficient hydrogen donator for B. coli and other 
bacteria, was without influence. 

In Exp. 14 the rather extensive hydrogenation was not increased by formate. 
Essentially the same result was obtained in Exp. 15, in which it was found that 



BACTERIAL PRODUCTION OF COPROSTEROL 


823 



Table III. 


Substance 

State 

Saturation 
of sterols 

0/ 

/O 

Incubation 

» g. faeces + colloidal chole- 

Fresh 

62-7 



sterol solution 

Incub. 

96-5 

In N 2 , 6 days, 38° 



92*5 

Ditto, with 3 nil. 5 % H.COONa 

; g. faeces + 86 mg. chole- 

Fresh 

22-9 



sterylbetaine ester hydro- 

Incub. 

23*5 

Aerobic, 12 days, 38° 

chloride 

5? 

27-7 

Ditto, with 3 ml. 5 % H.COONa 


Subjects were adults on mixed diet. 


5. Attempted hydrogenation with pure bacterial cultures 1 . 
Table IV. 


16. Human bile (gall bladder), 170 ml. + 17 ml. 5 % H.COONa +4-9 g. B. coli. 

Incubated aerobically for 10 days 

17. Brain bash (human) 62 g. + 6-2 ml. 5 % H.COONa inoculated with B. coli. 

Incubated in vacuo 5 days 

IS. Brain hash (human) 37 g. + 3-6 ml. 5 % H . COQNa, inoculated with B. coli. 

Incubated in vacuo 5 days 

19. Colloidal cholesterol in protein (von Heyden) 1 g. +4 ml. water -f- 700 mg. 

B. coli. Incubated in vacuo 12 days 

20. Colloidal cholesterol in protein, 1 g. +5 ml. 5% H.COONa -i- 1* 16 g. 

B. coli. Incubated in vacuo 12 days 

21. Colloidal cholesterol solution (von Heyden), 5 ml. +20 ml. nutrient 

bouillon with 10 % glucose, inoculated with Enterococcus Type B. 

Incubated aerobically 2 days 

* The amount was too small to weigh. 

The action of pure bacterial cultures was, in spite of the large amounts of 
bacteria employed, barely perceptible, and certainly considerably less than in 
putrefaction of faeces. 


Saturation 
of sterols 
o/ 

/o 

4- 0 
1-9 
0-3 

5- 7 
0-6 

* 


6. Nature of the saturated sterols formed during putrefaction. 

. The digitonin-precipitable, saturated sterols formed from cholesterol can 
consist only of coprosterol or dihydrocholesterol, so that the isolation of the 
saturated sterol formed by putrefaction cannot be accomplished by methods at 
present available. In the previous communication however a method has been 
described for determining which of the two sterols lias been formed. Since 
relatively large quantities of sterol are necessary for the solubility determina- 
tions, the digitonides from Exps. 2 and 12 were employed. Both experiments 
involved the same sample of stool, of which a large quantity was available. In 
Exp. 12 soluble cholesterol ester was added. The appropriate combined digi- 
tonides from Exps. 2 and 12 were united for the determination of steiols before 
and after putrefaction, respectively. During putrefaction 1 1—13 % of saturated 
sterols had formed; if these had consisted of dihydro cholesterol, the solubility 
of the digitonides in methyl alcohol would have been considerably lower than 
before putrefaction, wdiereas if coprosterol had formed, the solubility would 
barely have changed. Actually the solubilities were 42-0 and 434 mg. in 2 ml. 

1 Thanks are due to Miss B. Marget for valuable help in the bacteriological work. 
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of methyl alcohol respectively, before and after putrefaction. If dihydrochole- 
sterol had been the sole product of hydrogenation, the solubility of the sterol- 
digitonide after putrefaction would have been about 37 mg. 

Discussion. 

The observation that cholesterol and coprosterol are not degraded by in- 
testinal bacteria is of importance in the interpretation of cholesterol balance 
experiments. It is therefore possible to ascribe the destruction of cholesterol in 
the body [Dam, 1931; Page and Menschick, 1932; Menschick and Page, 1933; 
Schonheimer and Breusch, 1933] to a process of intermediary metabolism rather 
than to the agency of intestinal bacteria. 

The present results confirm those of Bischoff [1930, 1, 2] in indicating that 
the amount of saturated sterols increases, but they differ from them quantita- 
tively. In one case Bischoff found an increase from 12 to 66 % ; I have never 
observed so large a change. The values found by Bischoff for the degree of 
saturation of the sterols of normal human faeces are rather low in comparison 
with the observations of Schonheimer and von Behring [1930] and those here 
reported which were found by the gravimetric method of Schonheimer. This 
discrepancy may perhaps be explained by some technical error in the deter- 
minations of Bischoff — an interpretation supported by the statement of Bischoff 
that a coprosterol with a melting-point of 97 ° employed by him was precipitable 
by digitonin only to the extent of 60 % . 

Although hydrogenation took place only to a small extent on putrefaction, 
its occurrence was conclusively established in almost every experiment with 
normal faeces. It failed to occur only when the initial degree of saturation was 
extremely high (Exp. 1), and in some of the milk diet experiments in which 
the initial saturation was extremely low. Complete hydrogenation of uii- 
saturated sterol was never attained, even on long incubation. 

Added cholesterol, whether in the form of egg-volk, as soluble ester or in 
colloidal solution, remained largely unattacked by the bacteria. It thus seems 
possible that the cholesterol exists in the colon in some unknown form which 
is especially susceptible to bacterial action. 

The hydrogenation is certainly a bacterial process. It does not take place 
after sterilisation (Exp. 12), and it is associated particularly with the contents 
of the colon, for it takes place neither in the small intestine nor on the inocula- 
tion of cholesterol-containing organs or soluble cholesterol preparations with 
bacterial cultures. It may be supposed that either the optimum conditions for 
the growth of the appropriate bacteria can be obtained only in the colonic 
secretions, or these secretions contain special hydrogen donators. Sodium 
formate can apparently not be employed by the bacteria for the formation of 
coprosterol. Better results might 'perhaps be obtained by the use of sterile 
colon excretions as nutrient medium, but such material was not available. 

The identity of the causative bacteria could not be determined. 

The proof, by solubility determinations of the digitonides, that the hydro- 
genated sterol is not dihydrocholesterol but coprosterol establishes the fact, 
long suspected, that it is coprosterol which is formed by bacterial hydrogenation 
of cholesterol. 

Summary. 

.In the putrefaction of faeces the degree of saturation of the sterols rises 
owing to formation of coprosterol from cholesterol. The total amount of sterol 
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The author wishes to acknowledge his indebtedness to Prof. R. Schonlieimer, 
formerly Head of the Department of Chemistry, Institute of Pathology, Freiburg, 
for many helpful suggestions. 
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CXVII. THE MELTING-POINT AS A TEST FOR 
THE PURITY OF COPROSTEROL 1 . 

By HENRIK DAM. 

From the Department of Chemistry, Pathological Institute, 

University , Freiburg , Br. 

(Received April 28th , 1984.) 

Recent work on the metabolism of saturated sterols makes it necessary to 
know the reliability of the usual tests for the purity of coprosterol. 

The degree of saturation can be easily determined by the bromine-dieitonin 
method of Schonheimer [1930] with an accuracy of about 1 %, so that it is 
possible to detect cholesterol as an impurity in the preparation. This method 
can also be used for the removal of any cholesterol, thus rendering it possible 
to obtain a preparation with a saturation of nearly 100 % even in cases where 
the crude product contains a large amount of unsaturated sterols. 

naom and Uibrig [1915], Gardner [1921] and Schonheimer 

[1930], dihydroeholesterol occurs in the sterol fraction of faeces and may 
therefore be found as an impurity in coprosterol prepared from this source. “ 
r , Xbe s P e cm c rotations for coprosterol and dihydrocholesterol are [a]„ + 23-55° 
[Windaus, 1916] and +28-8° [Willstatter and Mayer, 1908] respectively, and 
are thus too close for use m the simultaneous determination of these two sterols. 

Ihe melting-point of coprosterol is variously given as 95-96° [Bondzynski 
and Hummcki 1896-97], 100° [Doree, 1913], 112-116° [Fischer, 1911], 101-102° 
[Windaus, 1916]; a product prepared from pseudocoprosterol melted at 105-107° 

’ ir 91 ,f k T + le , hlglest lecorded (Fischer) was on a sample many times 
recrj stalhsed, but subsequently [Windaus and Uibrig, 1915] shown nevertheless 
to contain dihydrocholesterol. An equally high melting-point has also been 
reported by Schonheimer [1929] and by the present author [1925], 

Li order to ascertain the depression of the melting-point of coprosterol by 
either dihydroeholesterol or cholesterol, the melting-point diagram has been 

[ d 1932f lned bj tie meth ° d ° f Rbeinboldt and Kircheisen [1926] and Lettre 

Wa ! prepared from human fae «es collected on a diet 
Iternls 6ggS ’ potatoes and b arley porridge) poor in plant 

trect nnlht, ^ u°5r 16 un f aponifiable fraction was decomposed by ex- 
S 100 10 * Xy i ne aD ? St6r01 recr y s tallis e d from methyl alcohol. It melted 
L ® 1 >7 obar ! ged after repeated crystallisation. The degree of saturation 

!"S«S2" m % ■ ^ * f ™‘ *«“■» «*■>« ™ 

of dTwimS 8 ? 0 ^* d |f gram sll0ws tbat tlle presence of up to about 50 % 
of a Slight depression of the melting-point 

tat vary SS to d^T S ' P ° mte ° f ““ "" "“*" ially Io ™ r ’ 

1 This investigation was made possible by a grant from the Josiah Macy, Jr., Foundation. 
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Fig. 1 shows that in the neighbourhood of 100° the sharpness of the 
melting-point is of much greater importance as a test for purity than the 
melting-point itself. A melting-point of 110-115° represents a mixture with 
more than 60 % dihydrocholesterol . 


Fig. l. 



Coprosterol 


x — x Dihydrocholesterol-coprosterol; O — O Cholesterol- coprosterol. 


It is a common experience that crude eoprosterol preparations, even when 
extracted with xylene from digit onides precipitated in presence of bromine, 
show a melting-point of about 80°, thus indicating that the substances in 
question are not simple mixtures of coprosterol and dihydro cholesterol. 


Summary. 

The tests for purity of coprosterol have been discussed in connection with 
melting-point diagrams for coprosterol-dihydrocholesterol and coprosterol- 
cholesterol. 

The author wishes to acknowledge his indebtedness to Prof. R. Schonheimer, 
formerly Head of the Department of Chemistry in the Pathological Institute, 
Freiburg, for many suggestions during the progress of this work. 
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CXVIII. STUDIES IN THE BIOCHEMISTRY 
OF MICRO-ORGANISMS. 

XXXVIII. THE METABOLIC PRODUCTS 
OF PEN IC ILL IUM MINIO-LUTEUM 
DIERCKX. MINIOLUTEIC ACID. 

By JOHN HOWARD BIRKINSHAW and HAROLD RAISTRICK. 

From the Division of Biochemistry, London School of Hygiene and 
Tropical Medicine , University of London. 

(Received April 25th, 1934.) 

Penicillium minio-luteum Dierckx was described by R. P. Dierckx [1901] 
and is referred to by Biourge [1923, p. 237] and by Thom [1930, p. 464] in their 
monographs on the genus Penicillium. We have found that when this organism 
is grown at 24° on Czapek-Box medium containing glucose as the sole source of 
carbon a highly pigmented metabolism solution is formed which froths very 
badly on vacuum-evaporation. The metabolism solution gives heavy amorphous 
precipitates with aqueous solutions of the salts of many heavy metals, e.g . 
barium, calcium, copper, nickel, lead, iron, and with silver on standing, but 
gives no precipitate with mercuric salts. Further, on strongly acidifying the 
metabolism solution a somewhat pigmented crystalline precipitate is formed on 
standing. Investigation of the barium and copper precipitates and also of the 
crystalline precipitate formed on acidification has led to the isolation of two 
colourless crystalline acids : (I) The y-lactone of y-hydroxy-/38 -dicarboxypentade- 
canoic acid, C 17 H 28 0 6 (I). This acid was previously described by Clutterbuck 
el al. [1931] as a metabolic product of P. spiculispomm Lehman, and is now 
for convenience given the name spicidisporic acid. (2) A hitherto undescribed, 
dextrorotatory acid having the empirical formula C 16 H 26 0 7 , for which the 
name minioluteic acid is proposed. It is interesting to note that Thom [1930] 
places P. spicuhsporum Lehman and P. minio-luteum Dierckx in the Biverti - 
cillata- Symmetrica group of species of Penicillium on morphological grounds. 

Minioluteic acid titrates in the cold as a dibasic acid, but a third acidic group 
is unmasked by heating with an excess of aqueous alkali. Since the third 
carboxyl group is masked again on acidification, minioluteic acid is obviously 
a lactonic acid. This view is supported by the fact that minioluteic acid gives 
a dimethyl, ester and a trihydrazide. Since minioluteic acid contains no un- 
saturated linkages, and apart from the lactone ring must, from its empirical 
formula, be an open chain compound, it is obviously the monolactone of a 
dihydroxytricarboxylic acid. 

On fusion with potash, oxalic acid, n-dodecanoic acid and a dibasic acid 
awing the empirical formula C 14 II 26 Q| were obtained. This acid was proved by 
synthesis to be decylsuccinie acid (II). 

On reduction with sodium amalgam, minioluteic acid gives the lactone of a 
dicarboxylic acid, C 15 H 26 0 4 , which has been shown by synthesis to be the 
y-lactone of oc-hydroxy-y-earboxy-n-tetradecanoic acid (III). 
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i On the basis of these facts it appears that minioluteic acid is the y-lactone 

> of oc/3-diliydroxy-^y-dicarboxy-^-tetradecanoic acid (IV). 
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Experimental. 

Organism . 

The organism used in the whole of this work was a culture of P. minio-luteum 
Dierckx (London School of Hygiene and Tropical Medicine Catalogue No. P 44), 
received originally through the courtesy of Prof. P. Biourge of the University 
of Louvain in December 1929. It bears Prof. Biourge’s Catalogue No. 60, and 
is actually a subculture of the original organism isolated by Dierckx. 

Culture medium and course of metabolism . 

The medium used was the ordinary Czapek-Dox solution of the following 
composition: glucose, 50 g. ; NaNG 3 , 2g.; KH 2 P0 4 , lg.; KC1, 0-5 g. ; MgS0 4 , 
7H 2 0, 0-5 g. ; EeS0 4 , 7H 2 0, 0-01 g. ; water to 1000 ml. 

Since preliminary experiments showed that better growth and quicker meta- 
bolism were obtained at 24° than at 30° the former was used throughout as the 
temperature of incubation. Batches of 100 one-litre conical flasks, each con- 
taining 350 ml. of the above Czapek-Dox solution, were sterilised and sown with 
a spore suspension of P. minio-luteum and incubated at 24°. Growth was fairly 
rapid at first and produced a whitish mycelium with green areas of conidial 
growth. As growth proceeded the mycelium became predominantly green wdth 
pinkish patches. The metabolism solution, which quickly developed a faint 
| purple colour, gradually became darker in colour until after 5 weeks it was 

very dark brown. At the end of the incubation period the contents of the flasks 
in each batch were filtered and treated by one or other of the following methods : 

Method A. This method depends on the fact that both minioluteic and spi- 
culisporic acids are precipitated from aqueous solution by various metallic salts. 
The filtered metabolism solution and washings, having 4* 2-4- 3, were treated 
with a 40 % aqueous solution of barium acetate (128 g.). The precipitate was 
filtered off and to the filtrate, which now had 5*2, 100 g. of copper acetate 
dissolved in about 1 litre of hot water "were added. The filtrate from the copper 
precipitate, having p^ 5*0, was treated with a slight excess of aqueous normal 
lead acetate solution, and the filtrate from this precipitate w T as brought to 
p H 6*2 by the addition of 450 ml. 2 N NaOH and precipitated with basic lead 
acetate solution. The acids contained in the various precipitates were now 
extracted as follows: 

1. Barium precipitate. The barium precipitate was ground with an excess ot 
an aqueous solution of sodium sulphate at 60° and filtered hot , the filtrate was 
acidified with a slight excess of 2 iV H 2 S0 4 and extracted twice with rather less 
than its own volume of ether. On evaporation of the ether a semi crystalline 









830 


J. H. BIRKINSHAW AND H. RAISTRICK 


solid, weight 46-1 g., remained. On fractional crystallisation from water and 
decoloration with norite a less soluble fraction, weight 17-3 g., of almost pure 
minioluteic acid, melting at 170° was obtained. The more soluble fraction was 
fractionated from a mixture of ether and light petroleum giving 3 - 7 g. of some- 
what impure spieulisporic acid, which on further purification melted at 142-144° 
This was identified by comparison with an authentic specimen of spieulisporic 
acid from P. spiculisporum. * 

■1' ■, C°PP er precipitate. The copper precipitate was ground with water, treated 
with 150 mb 5 A HC1 m which practically the whole dissolved, and extracted 
with ether. The ether extract on evaporation gave 37-9 g. of a dark-coloured semi- 
crystalline mass, from which by fractionation from hot water 17-7 <?. of erv- 
staUme material were obtained. Nothing but spieulisporic acid (m.p. 144-145*5°) 
could be isolated from this fraction. No minioluteic acid could be isolated from 
the copper precipitate. 

3. Lead precipitates. The normal lead and basic lead precipitates were sepa- 
rately ground with excess of dilute sulphuric acid and filtered from the precipi- 
tated lead sulphate, and the filtrate was extracted with ether. The ether extract 
from the normal lead acetate precipitate proved to bean uncrystallisable syrun 
from which nothing was isolated. The ether extract from the basic lead acetate 
precipitate consisted essentially of an uncrystallisable syrup. A small amount 
(0-6g.) of a complex mixture of colourless crystalline substances was however 
isolated, hut this has not been further investigated. 

n Pf? d f\Pn c 1 ombined fibred metabolism solution and washings from 
one hatch of 100 flasks were acidified with 3 litres of concentrated HC1 and left 

wa fibcrS n° ff ° m Tte precipitated pigmented, crystalline material 

was filtered off, washed, dried and weighed (80-5 g.). It consisted of a mixture 
ot minioluteic, spieulisporic and possibly other acids, which up to the present 
have not been isolated m a state of purity. The crude pigmented crystalline 
mixture was recrystallised six times from hot water (norite), giving 40 of 
colourless material, m.p. 150-156°. Minioluteic acid was separated fronfthis 
materia 1 by taking advantage of the fact that, in contrast with spieulisporic 
acid it forms a potassium salt which is insoluble in ethyl alcohol. 40 g were 
dissolved in 1 litre of ethyl alcohol, and a solution containing 24 g. of anhydrous 
potassium acetate m 500 ml. of ethyl alcohol was added slowlyand with com 
stant shaking. The precipitated potassium salt was filtered off after half an hour 

Th 90 m fof i al t aboirt 9 °° mL of ' 

With 90 ml of concentrated HC1. After cooling, the acid was filtered off and 
yield 84 g, M.p. 164-167". The .lcoholic mother-liquors were ev.pLSd 


Exp. 

No. 


Apparent 
residual 
Incubation glucose by- 
period in polarimeter 
days % 


Table I. 
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Ex normal Pb precipitate 
Ex basic Pb precipitate 


46-1 

37*9 
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52*5 

37*1 

4*7 

13*0 

80-5 

75-5 
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in vacuo and dissolved in water, and the acid was precipitated by HC1; yield 3-3 g., 
m.p. 134—13^ . The main fraction melting at 164-1 67° was now re -precipitated 
as the potassium salt which was further purified by crystallising once from water. 
By this means 18*3 g. of pure minioluteic acid melting at 171° were Isolated. 
Pure spiculisporic acid was obtained by fractional crystallisation of the material 
from the alcohol-soluble potassium salt. 

The experimental details of each of four batches of 100 flasks each are given 
In Table I. 

General properties of minioluteic acid . 

Minioluteic acid is best purified by crystallisation from hot water from which 
solvent it separates in colourless needles melting at 171°. (Found by Schoeller- 
C, 58-00, 57-96; H, 7-65, 7-72 %; OCH 3 , nil; N, nil; mol. wt., 317, 332. C 16 H 0(i 0 7 
requires: 0, 58-14; H, 7-93 %. Mol. wt., 330.) 

Titration. 0*1576 g. dried to constant weight at 105° and dissolved in 10 ml. 
ethyl alcohol required 9*55 ml. A 7 /10 NaOH corresponding to an equivalent of 
165 (C 16 H 26 0 7 titrating as a dibasic acid requires 165). A further 20-00 ml N/ 10 
NaOH were now added, the mixture heated on the water-bath for 2 hours, 
cooled and back-titrated -with A 7 /10 HCL A further 4-68 ml. N/ 10 NaOH were 
neutralised during hydrolysis, making a total of 14*23 ml. N / 10 NaOH and 
corresponding with an equivalent of 110-7 (C 16 H 26 0 7 titrating as a tribasic acid 
requires 110). Minioluteic acid thus titrates in the cold as a dibasic, and on 
heating as a tribasic acid. 14-23 ml. A T /10 HC1 were now added and the mixture 
allowed to stand at room temperature for 24 hours. On back-titration 9-48 ml. 
A 7 /10 NaOH were required. These figures show that reversion of the tribasic 
form to the dibasic form was complete and indicate the probable presence of a 
y-laetone ring. 

The above conclusions were confirmed by the preparation of the silver salts 
of the open and closed ring forms which were found to contain 47-80 and 
39*35 % Ag respectively. (Theoretical for C 16 Ho 5 0 8 Ag 3 , 48*39 % , and for 
C 16 H 24 0 7 Ag 2 , 39*67 %.) 

It was found impossible to isolate the open ring form of minioluteic acid in 
the free state. A quantity of minioluteic acid was hydrolysed by heating with 
a measured excess of A 7 NaOH. The cooled hydrolysate was shaken with ether 
and rather less than the theoretical amount of N/ 10 HC1 cautiously added with 
constant shaking, 1-2 ml. at a time. The ethereal solution was treated at room 
temperature with light petroleum and the material separating was air-dried. It 
showed an equivalent on titration of 169. (Theoretical for closed form 165, for 
open form 116.) In a further attempt to prepare the trimethyl ester of the open 
form of minioluteic acid the ethereal solution as obtained above was methylated 
directly with diazomethane. The resultant crystalline product proved to be the 
dimethyl ester, m.p. 86° (see p. 832). 

Rotations, (a) Free acid in acetone 

c = l*07. [oc]JJ 6I + 108*1°, [a] 1« 90 + 94*5°. 

(6) Disodium salt in water, calculated as the free acid. 

c = l*04. MSa + 62-4 0 , [a]^+54-6°. 

Solubilities. Minioluteic acid is readily soluble in cold ether, ethyl alcohol, 
acetone, ethyl acetate, butyl alcohol and hot water. It is somewhat soluble 
in chloroform (1:400) and is practically insoluble in cold water, benzene and 
light petroleum. 


832 J. H. BIRKINSHAW AND H. RAISTRICK 

Salts. Minioluteic acid gives insoluble salts with a large number of metals 
and in this respect is very similar to spieulisporic acid. A 1 % neutral solution 
ot the sodium salt of minioluteic acid gave heavy precipitates with silver nitrate 
ferric chloride, lead acetate and the chlorides of calcium, barium, nickel and zinc' 
moderate precipitates with copper sulphate and magnesium chloride, and no' 
precipitate with mercuric chloride, uranium acetate and aqueous potassium 
chloride. In contrast with spieulisporic acid, minioluteic acid gives a potassium 
salt which is almost insoluble in alcohol, the potassium salt of spieulisporic acid 
being relatively soluble in this solvent. 

Dimethyl ester. Minioluteic acid, dissolved in ether, was treated with an 
excess of an ethereal solution of diazomethane. Vigorous evolution of nitrogen 
took place and the ethereal solution was filtered, evaporated and the crystalline 
residue recrystallised from a mixture of chloroform and light petroleum. Colour- 
less plates, m.p. 86-5°. (Found: C, 60-61, 60-58; H, 8-44, 8-22- OCEL 17-41 
17-64 %. C 16 H 24 0 5 (0CH,) 2 requires C, 60-30; H, 8-44; OCH 3 , 17-32 S ' 

• 0- 88 g. of the dimethyl ester of minioluteic acid was dissolved 

m --3 ml. ethyl alcohol and 0-16 ml. of 50 % aqueous hydrazine hydrate added 
Deposition of micro- crystals began immediately. These were drained, washed 
with ethyl alcohol and dried in vacuo over H 2 S0 4 . As no suitable crystallising 
medium could be found the compound was analysed without re crystallisation 
ine crystals sintered with incipient decomposition at 157-1 60°" and melted 
finaby at 20! . (Found: C, 49-37, 49-22; H, 8-72, 8-60; N, 21-30, 21-30 %. 
ki6H 34 0 5 N 6 requires C, 49-19; H, 8-78; N, 21-52 %.) 

. A saturated aqueous solution of minioluteic acid does not reduce acid potas- 
sium peimanganate in the cold although the permanganate is slowlv reduced 
°? iea ! a 5 G010 ^ G solution of the acid showed no absorption of hydrogen 

after 45 minutes shaking with palladised norite. With Wijs’s iodine solution 
1 g--mol. of muuoluteic acid absorbed 0-845 g.-atom of iodine after 2 hours, 
but this is almost certainly due to chemical reactions other than the simple 
addition of iodine. These facts together with the analytical figures obtained for 
minioluteic acid and its dimethyl ester and trihydrazicle indicate the absence 
from the molecule of the acid of an unsaturated linkage. 

Potash fusion of minioluteic acid. 

nickef cnmiii Ut Wt aCi n^ ^ 5 g ' solid K0H and 3 ml. ™ter in a 
nickel crucible. When dissolution was complete the temperature of the metal- 

The'melt wmd - S °T y ?° 310 ° and maintained at this temperature for one hour, 
melt was disso ved m water and acidified with dilute H.,SO. There was a 

w°rSt of c ° 2 and ? sIight smeu ° f ^ ^ 

and thffiltratP f r °- m °7 ernight 1 and filtered from precipitated material, 

and the filtrate and precipitate were deait with separately. 

timmL ' lltrate - ;. The filtrate was exhaustively extracted with ether in a con- 
tinuous extraction apparatus for 30 hours. On evaporation of the ether a 

tfrrated^itrv v’ OflD ht °’ 41 i g ” ^ 0btained - This was dissolved in water, 
JSJ ^acetic afd^nd^ H (equivalent = 6!), the neutralised solution was acidified 

chloride Weio-ht of f*- 6 ° XallC 1 acid removed b y precipitation with calcium 
now acidild wlfw Qn Um T kte = °- 50g ' The oxalic acid-free solution was 
evanoratio fi n lril HaS( J 4 f ‘ e3dracted ether. The ether solution on 

staUine acid could be isolated “ *° m Which n ° SUCCillic ° r ° ther Cr y- 

mixSm^SS 6 ; Jim 21 - 8 & ™ S Was P urified b y crystallisation from a 
and chilled light petroleum giving a small quantity (0-06 g.) 
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of colourless, crystalline plates, m.p. 87-89°, which on recrystallisation from 
acetone and water melted at 90-91° and had a barely detectable optical rotation. 
(Found: 0, 65-02, 64-85 ; H, 9*99, 10-12 %. Mol. wt., 246, 250. C 14 H 26 0 4 requires : 
0, 65-07 ; H, 10-16 %; mol. wt., 258.) Equivalent by titration 130. (Theoretical 
for C 14 H 26 0 4 titrating as a dibasic acid, 129-1.) This acid was subsequently 
shown by synthesis to be decylsuccinic acid (II). 

It was evident that a second acid was present in the precipitate (6). Hence 
the combined precipitates (h) from the potash fusion of 5 g. minioluteic acid 
were distilled in vacuo at 16 mm. with the following results: 

Fraction 1, collected up to 135°. Weight 0*45 g. Softens at 30°. m.p. 38-40°. 

Fraction II, collected from 135 to 145°. Weight 0*57 g. Softens at 34°. m.p. 
44-44-5°. 

Fraction III. b.p. gradually fell to 100°. Weight 0-39 g. Softens at 41°. 
m.p. 43-48*5°. 

Fraction IF. The residue in the distillation-flask was now distilled at 7 mm. 
when a fourth fraction distilled at 182°. Weight 0-74 g. m.p. about 58°. 

Fraction I was esterified with diazomethane in ether and the residue on 
evaporation of the ether -was treated with 2-7 ml. ethyl alcohol and 1 ml. 50 % 
aqueous hydrazine hydrate and allowed to stand for 24 hours. A total yield 
of 0-32 g. of hydrazide was obtained, which was crystallised twice from aqueous 
alcohol and once from benzene, m.p. 104-105°. A sample of w-dodecanoic acid 
hydrazide prepared similarly melted at 106-107°, and there was no depression 
in melting-point on mixing the two samples. (Found: C, 67*25, 67-34; H, 11-82, 
11*98; hi, 13-41, 13-25 % . w-Bodecanoic acid hydrazide, C^H^ON* requires: 
C, 67-23; H, 12-24; N, 13*07 %.) 

Fraction IV, distilling at 182°/ 7 mm., was recrystallised several times from 
ether-light petroleum giving finally colourless needles, which after sublimation had 
m.p. 66-67°. This was shown to be the anhydride of decylsuccinic acid (see below). 

Synthesis of decylsuccinic acid (II). 

The method adopted was to condense ethyl-a-bromo-n-dodecanoate with ethyl sodio- 
malonate, and then to decarboxylate the tricarboxylic acid obtained on hydrolysis. 

ix-Bromo-n-dodecyl bromide and ethyl tz-bromo-ii-dodecanoate. a-Bromo-??-dodecyl bromide was 
synthesised by the method of Auwers and Bernhardi [1891], w-Dodecanoic acid (10 g.) and red 
phosphorus (0*52 g.) were placed in a flask fitted with a reflux condenser and bromine (14*7 g.) 
added slowly. The temperature was slowly raised to 90-100°. A little more bromine was added 
at intervals until the evolution of HBr ceased. The mixture was cooled and the crude product 
converted, without previous isolation, into ethyl a-bromo-?i-dodeeanoate by the addition of 
ethyl alcohol (30 ml.). The mixture was kept for some hours, the excess of alcohol removed 
in vacuo, the residue dissolved in ether, washed with water and aqueous sodium carbonate solution, 
dried over anhydrous Na 2 S0 4 and distilled in vacuo. The main fraction (13*7 g.) distilled at 
lid-12371 mm. 

Triethyl a [3 - d i c arboxyir idecanoate . Sodium (0-88 g.) was dissolved in ethyl alcohol (12 ml.) 
and ethyl malonate (6-1 g.) 'added. After half an hour ethyl a-bromo-w-dodecanoate (11-7 g.) was 
added and the mixture heated for 2 hours on the water-bath under reflux. Excess ethyl alcohol 
was removed by vacuum evaporation, water was added to dissolve the sodium bromide and the 
mixture was extracted with ether, the extract being dried with Na 2 S0 4 and fractionated in vacuo. 
The main fraction (11-5 g.) distilled at 172°/1 mm. 

a ft-Dicarboxytridecanoic acid . It was found that the triethyl ester was difficult to hydrolyse 
completely with alcoholic potash, but satisfactory results were obtained by fusion with potash. 
The ester was heated with five times its weight of stick potash and three times its weight of 
water, the temperature of the bath being raised as rapidly as frothing would permit to 300°, The 
melt was cooled, dissolved in water, acidified, and the beautifully crystalline product filtered off 
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(m p US' , decomp.). It was recrystallised from a mixture of ether and four volumes of IMit 
petroleum. Colourless needles, M.p. 148° (deeomp.). (Found: C, 59-27, 59-37; H, 8-56 ' 8-60°' 

Ci 5 Hj<. 0 6 requires: C, 59-57; H, S-67 % . Equivalent by titration, 100-4. Theoretical for C is hJo„ 
titrating as a tribasie acid, 100-7.) 15 “ 6 

DecyUuccmic anhydride. =c0-Dicarboxytrideeanoic acid was decarboxylated by distillation 
m vacuo The product distiUed at 160°/2 mm. and solidified in the receiver. It separated from 
light petroleum m colourless plates, M.p. 65-66°; after sublimation 68-5°. When mixed with the 
anhydride, M.p. 66-67°, obtained from minioluteic acid (Fraction IV, p. 833) it showed no de- 
pi essionm melting-point. (Found: C, 69-90; H, 9-88 % . C 14 H 34 0 3 requires : C, 69-93; H, 10-07%.) 
Decylmccmic acid. Deoylsuccinie anhydride (0-50 g.) was heated with 10 ml. h' NaOH for 

/thenter 1 °Tiom tlle c! 1 'ffi ter ' batll ‘ A back - titration ^th N HC1 gave an apparent equivalent of 116 
he retical 1-0). Sufficient excess of HCI was added to precipitate all the acid. The precipitate 

(0-og ) was ^crystallised first from light petroleum and then from aqueous acetone, forming 
colourless glistening plates, m.p. 90-91°. This melting-point showed no depression on mixing 
ith the dibasic acid, M.p. 90-91°, obtained by potash fusion of minioluteic acid (see p. 833). 

Reduction of minioluteic acid with sodium amalgam. 

add (2 i g0 WaS dissolved “ 2 A NaOH (25 ml.) and water (75 ml.) 
heawi S ° dl , Um a ™ a, g am 2-o % sodium) was added and the mixture 

^ ted d°,V he 7 ater - bath - After 4 hours a further 100 g- sodium amalgam 
were added and so on until a total of 500 g. had been added. From time to 

fame a little concentrated HCI was added to reduce the alkalinity, but the 
acidified witb 4407 a low , ed tob ° co “ e -id. Finally, the mixture wL cooled! 

weSht 1 Tho eX ? et 7 r and the ether removed > giving a residue, 

weight 1 37 g. The residue appeared to be a mixture of substances and was 

ground and extracted m a Soxhlet with light petroleum, b.p. 60-80°, giving 

was g now Oiffil 0 ! 1 ^ 8 "f*® PF oduct > 114°. The sticky residue which 
+ ex 7 aetwas Solved in absolute alcohol and treated with 

crvstalWmSrinr ° f P°J assium acetate, giving a precipitate from which no 
crystalline material could be separated. The alcoholic solution was evaporated 

T ter - The insoiuwe p^™ ^ cwved & 

hot water and acidified. The resultant precipitate, weight 0-16 « mp 113° 

Se tS? T add P reviousl y extracted with light petroleum, m.p. 14°.’ 
The combined fractions were recrystallised from ether-light petroleum mving 

SS »*“ sublimation i/a high ,115 

C?Ssi° H, 9-70 % 7 0l 66 ' 82 ' 66 ' 92; H ’ 9 ' 37 ' 932 %• W, 

0-0856 g. required 3-15 ml. A/10 NaOH for neutralisation in the cold and 

to e q nite of™n^f31 Na ?H re O U rt d ? ^ ^ C0rres P 0ndin g 

requires 270 or 135 respectively. ° 2<A ” g “ a m ° n °' ° r dl ' basic acid 

dibasic^icM^nTliff 0 '^ 11 ^ wdd(dl 4S obviously the monolactone of a 
antUn, S C,H„0,. by one .ton. ef oxygen 

of a-hvdrorv ' ' ' . ! been shown by synthesis to be the y-lactone 

oi a nyaroxy-y-carboxy-w-tetradecanoic acid (III). r 

Synthesis of the y-lactone of cx.-hydroxy-y-carboxy-n-tetradecanoic acid {III). 

etber!tcLS to tt a m Jh S ^ ° Xalate “ the P resence of ethoxide in 

hydrolysed anddecarbovt l tV ^ GaUlt ^ 191 1 ^ Tbe resultin g condensation product was 

successive amou t f b I ecylsuccmic aci( * ( 16 £•) was esterifiecl in the usual manner with two 
was distilled in vacuo, $ % ° f ^ ^ The resultant ester 
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a-Keto-y-carboxy-n-tetradecanoU acid. Powdered metallic sodium (Mag.) was treated with 
ethyl alcohol (2-3 g.) diluted with 20-30 ml. of ether. The mixture was allowed to stand overnight 
and ethyl oxalate (7-3 g.) added. After 2 hours ethyl decylsueoinate (15-7 g.) was added and 
the mixture left at room temperature for 48 hours. The mixture was poured into 20 ml. of 20 % 
H„S0 4 and 2o g. of ice, shaken and the ether layer separated. In the method described by Blaise 
and Gault [191.1] for the preparation of a.-keto-y-methylglutaric acid, on which this method is 
based, the corresponding triethyl ester was extracted from the ether solution at this stage by 
means of aqueous (25 %) potassium carbonate. A similar procedure in our hands failed to extract 
any triethyl K-keto-^y-dicarboxy-n-tetradecanoate, probably owing to the feebler acidity of our 
ester. The ether solution was therefore extracted with N NaOH. By this means 6-7 g. of material 
were extracted whilst 11-7 g. of presumably uncondensed esters remained in the ether. The NaOH 
solution was now heated at 100° for 14 hours, cooled, acidified and extracted with ether. The 
ether solution was evaporated, giving a semicrystalline residue (4-2 g.), from which the liquid 
portion and a quantity of decylsuccinie acid were separated by fractionation from ether-light 
petroleum. The remainder (1-2 g.) consisted of impure a-keto-y-carboxy-B-tetradeeanoie acid. 
A pure sample of this acid was not prepared, but it was characterised by the preparation of its 
2 : 4-dinitropIienyIliycirazone. 

2:4-Dmitrophenylkydrazone of ^keto^carbo^ndetradecanoic acid. This was prepared by 
Brady’s method [1331] from the crude product referred to above and was recrystallised from 
70 % aqueous ethyl alcohol. Yellow needles, M.p. 180°. (Found on material dried to constant 
weight at 100°: C, 54*40; H, 6*62; N, 11-90 % . C 21 H 30 O 8 N 4 requires : C, 54*05; H, 6*49; N, 12*01 % .) 

y- Lactone of a- hydToxy-y-carboxy-n-tetradecanoic acid (III). The crude acid (0-7 g.) was re- 
duced in alkaline solution with sodium amalgam (400 g., 2-5 % sodium) over a period of 16 hours 
on a boiling water-bath. The method used was similar to that followed for the hydrolysis and 
reduction of minioluteic acid. The resultant product was purified by fractionation from ether- 
light peti oleum. Colourless plates. Weight 0-3 g. m.p. 119°, alone or in admixture with the 
lactone obtained by hydrolysis and reduction of minioluteic acid (p. 834). (Found: C, 66*37; 
H, 9*66 %. C 16 H ao 0 4 requires; C, 66*61; H, 9-70 %.) 

Summary and discussion. 

The metabolic products of P. minio- luteum Dierekx, when grown at 24° on 
Czapek-Dox medium containing glucose as the sole source of carbon, have been 
investigated. Two aliphatic acids of complex structure have been isolated: 
( a ) ' t ^ ie y-lactone of y-hydroxy-/38-dicarboxypentadecanoic acid (I) previously 
described by Clutterbuck et al [1931] as a metabolic product of P. spiculisporum 
Lehman, for which the name spiculisporic acid is now proposed, and (b) a 
hitherto undescribed acid for which the name minioluteic acid is proposed. 

The evidence for the molecular constitution of minioluteic acid is briefly as 
follows : 

(1) Minioluteic acid has the empirical formula C 16 H 26 0 7 . It is a saturated 
dextrorotatory acid and titrates in the cold as a dibasic, and on heating as a 
tribasic acid. Because of the stability of the lactone ring the latter is probably 
of the y-type. 

(2) It gives a dimethyl ester and a trihydrazide. 

. (3) On fusion with potash, oxalic acid, ^-clodecanoic acid, and decylsuccinie 
acid (II) 0 14 H 26 0 4 but no succinic acid were isolated. Decylsuccinie acid has 
been synthesised. 

(4) On reduction with sodium amalgam minioluteic acid gives the y-lactone 
of a -hy dr oxy-y- car boxy- n - tetradecanoic acid C 15 H 26 0 4 (III), the constitution 
of which has been settled by synthesis. This change involves the loss of a 
molecule of C0 2 and an atom of oxygen. The above facts are easily interpreted 
by assigning to minioluteic acid the molecular constitution (IV), i.e. the y-lactone 
of a/3-dihydroxy-/3y-dicarboxy-^-tetradecanoic acid. 
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The origin of the products given on potash fusion and on reduction with 
sodium amalgam may be readily explained by postulating the formation of an 
intermediate product a-keto-/3y-dicarboxy-'?z-tetradecanoie acid (V) (or its corre 
sponding end form) from minioluteic acid in alkaline solution by loss of a 
molecule of water. The conversion in aqueous solution of a/3-dihydroxy-com- 
pounds, particularly of ahphatic nature, into the corresponding aldehyde or 
ketone by loss of a molecule of water is a well-known reaction [Lieben, i9Q21. 

the intermediate formation of a-keto-/3y-dicarboxj'-?i-tetradecanoic acid 
(V) be accepted the origin of the products isolated becomes obvious. Since the 
keto-group m this compound is in the /3-position with regard to the fi-carboxv- 
group this substance should behave as a /3-keto-acid. By analogy with acefco 
acetic acid, which on hydrolysis with strong potash gives rise to two molecules 
ol acetic acid, a-keto-/3y-dicarboxy-w-tetradecanoic acid (V) under similar con- 
ditions (i.e. potash fusion) should yield oxalic and decylsuccinic acids. The latter 
may be presumed to break down further in presence of oxygen and afford 
M-dodecanoie and oxalic acids in the same wav as succi ni c acid, which under 
these conditions gives oxalic acid. This accounts for all the degradation products 
isolated after subjecting minioluteic acid to potash fusion. 

On hydrolysis with dilute alkali a-keto-/3y-dicarboxy->z-tetradecanoic acid 
1 i “ e expected to give rise to a-keto-y-carboxy-w-tetradecanoic acid 
and C0 2 , by elimination of the /3-carboxy-group, just as acetoacetic acid under 
these conditions affords acetone and C0 2 . Reduction with sodium amalgam 
would then convert the keto-group into a hydroxy-group, the final product beino- 
a-hydroxy-y-earboxy-w-tetradecanoic acid (III). This hypothesis is confirmed 
by the method used for synthesis of a-hydroxy-y-carboxy-?t-tetradecanoic acid 
since the decarboxylation and subsequent reduction of a-keto-fiy-dicarhoxv- 
ra-tetradecanoic acid, which must here be the first product of synthesis, follows 

the same course The two typical methods of breakdown of a B- keto-acid are 
thus represented. 

■ f ? ° mparis , 011 of tke constitutional formulae assigned to spiculisporie and 
oluteic acids reveals the fact that both are mono-y-lactones of tricarboxylic 
S j Considering for simplicity the hydrolysed, non-lactonic forms, it is s“een 
c 1 011 J a) J 1 tlle ”- dodec anoic acid grouping, but whereas in spiculisporie 
acid this is linked by the a-carbon through a carbinol group with succinic acid, 

a H ld i 11 | ls linked, again by the a-carbon, to dihydroxysuccinic 
( .e. tartaric) acid, but without the intervention of a carbmol group. 

+ , L US W ' 01 .' k , has been rendered possible by a grant to one of us (J. H. B.) from 
our besTthanks 01111011 ° f Impenal Chemical Industries Ltd., to whom we tender 
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CXIX. NOTE ON THE LOSS OF NITROGEN AND 
SULPHUR ON DRYING FAECES. 


By DAVID BATON CUTHBERTSON 
and ALEXANDER KING TURNBULL. 

From the Biochemical Laboratory of the Royal Infirmary and the 
Pathology Department , The University , Glasgow. 

(Received April 27th, 1934.) 

When the collection of faeces during a metabolic experiment extends over a 
considerable period of time, difficulties arise in the determination of the total 
nitrogen and sulphur contents. Sampling of the wet composite specimen is 
generally unsatisfactory and ordinary methods of drying on a steam-bath result 
in a considerable loss of both nitrogen (as ammonia) and sulphur (mainly as 
sulphide) . 

If nitrogen is the only element under consideration its loss as ammonia can 
be prevented by acidification with H 2 SG 4 before drying. To obviate drying 
Van Slyke [1932] has recommended sampling from a suspension of the faeces 
in H 2 S0 4 . If sulphur is also being determined, the excess of sulphuric acid 
which requires to be added masks the sulphur originally present in the faeces, 
and further, acidification leads to loss of H 2 S and certain organic sulphides on 
drying. 

The following experiments indicate the extent of the nitrogen and sulphur 
loss during drying. A method of preventing this loss is described. 

Experimental. 

Total N was estimated by the Kjeldahl method; total S by Denis’s modifica- 
tion of Benedict’s ashing method. Analyses were performed in triplicate, first 
on the wet specimens and then on aliquot portions subjected to various pro- 
cedures. The accuracy of the sampling of these wet specimens was confirmed 
by the close agreement of triplicate estimations. 

All specimens of human faeces were analysed within an hour or two of 
being voided. 

Exp. 1. Sample of faeces containing 0-8976 g. total N had after 10 days’ 
continuous drying on a steam-bath 0*8439 g. N. % loss = 5*9. 

Exp. 2. Sample of faeces containing 0-616 g. N had after 14 days’ drying 
on a steam-bath 0-558 g. N. % loss = 9-4. 

Exp. 3. Sample of faeces containing 1-599 g. N and 0*222 g. S contained 
after 14 days’ continuous drying on a steam-bath 1-531 g. N and 0-116 g. S. 
% loss N = 4*2. % loss S = 47. 
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Exp. 4. Fresh wet faeces containing 1-305 g. N were transferred to a 
vacuum -pan and the temperature of the bath raised to 80°. Ammonia-free air 
was passed over the faeces and drying was carried out under reduced pressure. 
In the course of 1 hour during which the temperature of the bath was rising 
no ammonia came over. In the next 5 hours 0*0286 g. N 'was trapped in Nj 10 
H 2 S0 4 . That the loss of N was as NH 3 was confirmed by nesslerisation. During 
the subsequent 6 hours only 0-0007 g. more N came over. Loss of N = 2*2 % 
in course of 14 hours’ drying. 

In an attempt to prevent the simultaneous loss of N and S from faeces by 
means of a preliminary treatment with substances which would trap NH 3 and 
HoS no simple method could be devised. It was eventually determined that 
the most satisfactory method was to moisten the faeces with excess 2 % copper 
acetate and trap the ammonia in acid during the process of drying. 

Exp. 5. Sample of faeces containing 0*114 g. S contained after drying with 
copper acetate 0*115 g. S. There was thns no loss of S. When an aliquot portion 
was dried without any precaution for a similar period, viz. 2 days, the dried 
faeces contained 0-109 g. — a loss of 4*8 % S. 

From clinical and bacteriological considerations it is obvious that the 
amounts of free gases contained in faeces must vary considerably. 

Exp. 6. A sample of faeces containing 1-867 g. N was dried in the presence 
of 2 % copper acetate for 24 hours. Ammonia-free air was passed over the 
faeces and then through standard H 2 S0 4 . Ammonia was estimated by nessleri- 
sation as it was found that acetic acid was also driven over. The total amount 
of trapped N was 0*275 g. The total residual N was 1*591 g. 1-866 g. N of the 
original 1*867 g. N were thus accounted for. • 

The original sample of faeces contained 0-1705 g. S. An aliquot dried without 
precaution for 24 hours contained 0*147 g. S and one dried for 6 days contained 
0-1355 g. S — losses of 14 % and 20 % respectively. An aliquot treated with 
copper acetate lost no S on drying for 24 hours. 

Exp. 7. A sample of faeces containing 2-522 g. N was dried in presence of 
2 % copper acetate for 48 hours. Ammonia-free air was passed over the faeces 
and through a 10 % NaOH trap to absorb the acetic and other volatile acids. 
The air was finally passed through standard acid. In the final estimation 
the residual ammonia was distilled over from the NaOH solution and added 
to that trapped in the acid. The total loss was 0-0339 g. N . The nitrogen 
content of the dried faeces was 2*495 g. The original 2-522 g. were thus 
accounted for. 

The original sample of faeces contained 0-588 g. S. An aliquot dried without 
precaution for 24 hours contained 0-581 g. S and one dried for 5 days 0-5675 g. S — 
losses of 1-2 % and 3*5 % respectively. An aliquot dried with 2 % copper acetate 
lost no S on drying for 24 hours. 

In these experiments allowance was made for the trace of S in the copper 
acetate by adding aliquot amounts at the appropriate times. It was thus added 
to ordinary air-dried specimens of faeces after the process of drying was com- 
plete but before analysis. 

It is seen from these experiments that an accurate analysis of the nitrogen 
and sulphur of faeces is possible if in the process of drying, ammonia-free air is 
passed over the faeces to which have been added a dilute solution of copper 
acetate in excess, the air is then passed through alkali to trap acetic and other 
volatile acids and then through standard acid. The alkaline fluid traps some 
ammonia and this is finally distilled into the excess standard acid. 
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Summary. 

I* Tlie process of drying faeces on a water-bath leads to a considerable loss 
of N (mainly as ammonia) and S (mainly as sulphide). 

2. This loss’ can be prevented by adding an excess of a dilute solution of 
copper acetate to the faeces before drying them in a closed vessel through which 
passes a current of dry ammonia-free air. The ammonia liberated from the faeces 
during drying is trapped in acid. 

The expenses of this research were in part borne by a grant from the Medical 
Research Council (to D. P. C.) to whom we are much indebted. 
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The accumulation of fat which occurs in the liver under the action of many 
substances, which is seen in numerous clinical conditions and which may be 
produced also by dietary methods, is the outstanding proof of the fact that 
the liver plays a fundamental part in fat metabolism. The desaturation theory, 
associated with the names of Leathes and Hartley, according to which fatty 
acids of the depot fat are transported to the liver, where they are desaturated 
and passed on to the tissues in this more readily oxidisable form, was put 
forward in an attempt to interpret this phenomenon. This theory is based on 
two lines of evidence : the effect of the food fat on the nature of the liver fatty 
acids [Leathes and Meyer- Wedell, 1909] and the investigations of Hartley [1909] 
on the unsaturated acids of the liver and depot fat of the pig. Considerable 
evidence has been put forward recently which suggests that the basis on which 
the desaturation theory rests is far less secure than had appeared. The demon- 
stration by Leathes and Meyer-Wedell [1909] that the iodine value of the liver 
acids of cats and rats, which had been fed on highly unsaturated fish oils, might 
exceed that of the acids of the oil administered, was interpreted as evidence for 
desaturation. The extensive work of Sinclair [1932, 1, 2] seems to lend con- 
siderable support to the suggestion made by Joannovics and Pick [1910] that 
the increase in iodine value of the liver fatty acids caused by feeding oils of 
high iodine value observed by Leathes and Meyer-Wedell was due not to de- 
saturation but to preferential absorption of the more unsaturated acids from 
the portal circulation. Sinclair has shown that the iodine value of the fatty 
acids of the liver phosphatides is rapidly raised by the administration of very 
small amounts of a highly unsaturated fat such as cod-liver oil, whilst the 
lowering of this high value by substitution of the cod-liver oil by a relatively 
saturated fat takes a much longer time. These and many other results of Sinclair 
imply an ability on the part of the tissues and particularly of the liver pre- 
ferentially to take up the more unsaturated acids from the fat present in the 
food and tenaciously to retain them. At the present time therefore the selective 
retention by the liver cells of the more unsaturated acids seems probable and, 
if this can be established, one of the lines of evidence on which the desaturation 
theory rests will be invalidated. The second and perhaps more conclusive work 
which points to liver desaturation of fatty acids was provided by Hartley [1909] 
who isolated from the liver acids of the pig a A 12 ’ 13 oleic acid and a A M0;12 ’ 18 
linoleic acid, while the ordinary A 9,10 oleic acid was absent. Neither of these 
two former acids was present in lard which, however, was found to contain 
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Experimental. 

Preparation of the liver fatty acids. 

The preparation of the crude fatty acids was carried out industrially in the 
following manner. 100 kg. of pig liver obtained direct from the slaughter-house 
were minced and mixed with a solution of potassium hydroxide. The mixture 
was allowed to stand until dissolution had occurred, when it was extracted six 
times with a non- chlorinated industrial solvent mixture. The material left on 
evaporation of the solvent (unsaponifiable matter and iinhydrolysed lipoid sub- 
stances) was saponified with alcoholic potash and the unsaponifiable fraction 
removed. The alkaline liver liquors (320 1.) were acidified with hydrochloric acid 
and the fatty acids removed by solvent extraction. The soap solutions resulting 
from the saponification and extraction of the unsaponifiable fraction were 
acidified and treated similarly. The crude fatty acids as received by us weighed 
4*37 kg. and contained a considerable amount of the higher-boiling fractions of 
the solvent used for extraction. Contaminating impurities were removed by 
dissolution of the crude material in light petroleum (40 1.) and filtration after 
standing overnight. Evaporation of the light petroleum was followed by removal 
of the bulk of the industrial solvent by distillation on a boiling water-bath at 
1 mm. The partially purified material was then saponified in the usual way with 
alcoholic potassium hydroxide. Removal of the unsaponifiable fraction by ex- 
traction with ether removed also the remainder of the industrial solvent. The 
fatty acids after purification by treatment with light petroleum weighed 1-835 kg. 
(i.v. 110, mol. wt. 229). The yield, 1-84 % of the fresh liver weight, is probably 
about 60 % of the total acids originally present in the liver in different forms. 
The extraction of acidified liver tissue after hydrolysis is an extremely difficult 
operation, especially in bulk, and the yield obtained therefore is to be regarded 
as satisfactory. Such a yield makes it unlikely that the material is not repre- 
sentative of the whole. 

Removal of the saturated acids. 

The oxidations described later were carried out after the removal of the 
saturated acids either from the bulk preparation described above or from various 
small laboratory preparations made by exhaustive alcohol extraction of minced 
liver with subsequent preparation of the fatty acids from the alcoholic extract. 
The Twitchell process, as modified by Hilditch and Priestman [1931], applied 
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A ’ oleic acid and stearic acid. Hartley concluded that the liver cells possessed 
the power of introducing a double bond into the 12 : 13 position, so that on 
mobilisation to the liver stearic acid was converted into A 12> 13 oleic acid and 

similarly A 9 ’ 10 oleic acid was converted into A 9 ’ 10s 18 linoleic acid. 

This attractive evidence seems strong support for the liver desaturation 
theory, especially as the A 1 " 1 L ’ oleic acid was unlikely to have arisen from the 
food fat, for such an acid has not been found in natural products. It was perhaps 
surprising, therefore, when Turner [1930] failed to obtain any evidence for the 
presence of this particular oleic acid in sheep liver, in which only A 9, 10 oleic acid 
was found to be present. In spite of the conflicting evidence which the work of 
Sinclair seems to provide and the doubt suggested by the results of Burr and 
Burr [1929; 1930; Burr et al. t 1932], which will be mentioned later, confirmation 
of the proof of the presence of this A 12 ’ 13 oleic acid in liver would yet provide 
strong evidence for the desaturation hypothesis. We have undertaken an investi- 
gation of the fatty acids of pig liver with this object in view. 
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to 5*033 g. of the bulk preparation (i.v. 110, mol. wt. 299) gave 1*675 g. of 
saturated acids (i.v. 2*5, yield 33*3 %). A similar result was obtained on the 
large scale. 670 g. of the same acids yielded 231 g. of saturated acids (i.v. 2, 
mol. wt. 277, yield 34 %) and 440 g. of unsaturated acids (i.v. 153, mol. wt. 321). 
The proportion of saturated acids in the other preparations was of the same 
order, the highest figure being 39 % . 

The preparation of the dihydroxy -acids from the 
unsaturated fraction . 

Since the main object of this work was to establish the structure of the acids 
containing one double bond, it was desirable to explore the available methods 
for oxidation in order to determine the conditions under which greatest yields 
of dihydroxy-acids could be obtained. By oxidation of pure oleic acid in 0*1 % 
solution with alkaline potassium permanganate at 0° for 5 minutes, Lapworth 
and Mottram [1925, 1] obtained 95 % of the theoretical yield of dihydroxy- 
stearic acid. These authors state that the yield is depressed if the oxidation is 
carried out in the presence of more than a certain maximum of less saturated 
acids. The liver unsaturated acids consist of a complex mixture of acids from 
oleic acid to acids of more than twenty carbon atoms and having four and five 
double bonds. When such a mixture is oxidised under the conditions in which 
the greatest yield is obtained from pure oleic acid, the yield of dihydroxy- deri- 
vatives may clearly be seriously diminished. In order to determine the optimum 
conditions a series of comparative experiments, in all of which oxidation by 
alkaline permanganate has been used, have been carried out on the unsaturated 
fraction itself, and also on the material remaining after various processes have 
been carried out in attempts to concentrate the acids containing one double 
bond. Before describing these experiments, mention is made of the fact that 
when a mixture of acids, which has been freed from unsaponifiable matter, is 
oxidised by alkaline permanganate, there are produced substances 'which may 
be extracted by ether from the alkaline solutions of the oxidation products. 
The nature of this unsaponifiable fraction generated during oxidation has not 
been investigated. It is a complex mixture derived from the more unsaturated 
acids. It has been removed at various stages of the oxidations and it is men- 
tioned here to explain the appearance of unsaponifiable fractions in the results 
which follow. 

The method of Lapivorth and Mottram [1925, 1]. 19*07 g. of the unsaturated 
fraction (i.v. 193) from a small laboratory preparation of fatty acids were dis- 
solved in 20 1. of ice-cold water containing 14*0 g. potassium hydroxide. 14*6 g. 
potassium permanganate dissolved in 700 ml. ice-cold water were now added 
quickly with stirring, and after 5 minutes the oxidation was stopped by the 
addition of concentrated hydrochloric acid and sodium bisulphite solution. 
After removal by filtration, the insoluble oxidation products were dried in vacuo 
at room temperature over phosphorus pentoxide and extracted with light 
petroleum (b.p. 80-100°) to remove unoxidised acids and unsaponifiable material. 
The undissolved residue consisting of di- and tetra-hydroxy derivatives was 
then separated into its two main components by boiling with ether, the tetra- 
derivative being practically insoluble in that solvent. The portion soluble in 
light petroleum (6*54 g.) had i.v. 59*3 and mol. wt. 444. From it T03 g. of 
unsaponifiable matter were removed, yielding a mixture of acids of mol. wt. 383 
and i.v. 69. 4*38 g. of these acids soluble hi light petroleum were now re-oxidised 
under exactly the same conditions. The oxidation products insoluble in water 
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were filtered off, dried and extracted with petroleum. The petroleum- soluble 
portion was oxidised a third time. The combined yields of the various products 
from the three oxidations were: dihydroxy-derivatives 2*06 g.; tetrahydroxy- 
derivatives 0*70 g. ; a semi-solid mixture of saturated acids soluble in petroleum 
2*393 g. Allowing for the removal of portions of the oxidation products for 
analytical purposes, the yield of dihydroxy-derivatives was 13*0 % of the 
unsaturated acids or 8*0 % of the original mixed acids from the liver. 

The method of Hartley [1909] used by Turner [1930]. The essential difference 
in the method used by these workers, as compared with that of Lap worth and 
Mottram, was that they carried out their oxidations in solutions which were 
approximately 13 times more concentrated. Following their procedure, 9*28 g. 
of the unsaturated acids (i.v. 193) were dissolved in 92 ml. 4 % potassium 
hydroxide, 280 ml. water were added and, -after cooling to 0°, the mixture was 
oxidised by the addition of 400 ml. of 1*5 % potassium permanganate solution 
also at 0°. The oxidation was terminated after 10 minutes -by treatment as in 
the previous experiment. A second oxidation of the petroleum-soluble fraction 
of the oxidation products was carried out under similar conditions. The final 
yields were: dihydroxy- derivatives 0*20 g.; tetrahydroxy-derivatives 0*15 g. 
This amount of dihydroxvstearic acid corresponds to 2*5 % and 1*5 % of the 
unsaturated and' of the original mixed acids respectively. The corresponding 
figures for the Lapworth and Mottram process were 13*0 and 8*0 % . The latter 
process, carried out at great dilution, is clearly far more efficient for the quanti- 
tative isolation of hydroxy -derivatives of the singly unsaturated acids present 
in liver. Lapworth and Mottram/ s statement as to the effect of the presence of 
more highly unsaturated acids in depressing the yield of dihydroxy-acid from 
oleic acid in a mixture made it likely that this yield of 13 % might be con- 
siderably below the value obtainable if the more highly unsaturated acids were 
first removed. For this reason attempts were made to increase the yield by 
removing as much of the unsaturated acids as possible from the mixture. For 
this purpose, two methods were employed. 

Removal of more unsaturated acids. When certain of the more unsaturated 
acids are brominated, isomeric soluble and insoluble bromides are produced. The 
latter may be removed and the soluble product debrominated. On rebromina- 
tion a further amount of insoluble bromide is formed. This principle was em- 
ployed in an attempt to free the acids containing one double bond from the 
more unsaturated acids, alternate bromination and clebromination being em- 
ployed until no further insoluble bromide could be obtained. 19-56 g. of the 
unsaturated acids (i.v. 193) brominated in ether at 0° yielded 7*48 g. of ether- 
insoluble bromo- acids and 35*58 g. of soluble products. The latter weie dissolved 
in light petroleum (b.p. 40—60°) and further insoluble bromides, which were 
precipitated after standing for 24 hours at 0°, were removed. The petroleum- 
soluble fraction, 31*57 g., contained 47*1 % Br. 30*34 g. of this product on 
debromination by the method of Rollet [1909] yielded 14*05 g. of fatty acid of 
i.v. 132. On rebromination of 13*85 g. of these acids, a further 1*21 g. of ether- 
insoluble bromide w r as removed. The remainder (Br 43 %), which remained 
completely soluble in light petroleum after standing for 2 days at 0°, was 
debrominated as before. By repetition of this bromination-debromination pro- 
cess, there were finally obtained 10*62 g. of fatty acids of i.\ . 98. 10*1 g. oi t le 
latter acids when oxidised by the method of Lapworth and Mottram yielded 
1*98 g. of dihydroxy-products (m.p. 130° indefinite) and 0*429 g. of tetrahy dioxv 
products (m.p. 168° indefinite) the former yield corresponding to 10*9 % of the 
original unsaturated acids, as compared with a yield of 13 % by direct oxidation 
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of the unsaturated acids without preliminary application of the bromination 
process. Unsuccessful attempts were also made to apply the Twitched process 
to the mixture of soluble brominated acids in an endeavour further to remove 
the polybromo-acids. 

The second method used for removing the more unsaturated acids was the 
lithium soap process which has been frequently described in the literature in 
various forms (in particular Moore [1919]). 22-15 g. of unsaturated acids from 
the large preparation (i.v. 153) w r ere dissolved in 90 ml. absolute alcohol and 
1*8 g. lithium hydroxide dissolved in 22*5 ml. water were added. After standing 
at 0° overnight, about 3 g. of lithium soaps were removed. A further 1 g. of 
lithium hydroxide dissolved in 100 ml. 80 % alcohol was added and the mixture 
maintained at 0° for 24 hours. The combined alcohol-insoluble lithium soaps 
yielded 6*01 g. of acids (i.v. 96*1, mol. wt. 286, 27 % of the total) while 15*6 g. 
of the more unsaturated acids (i.v. 171, mol. wt. 327, 70*4 % of the total) were 
obtained by decomposition of the soluble soaps. 4*755 g. of the more saturated 
acids yielded on oxidation by the method of Lapworth and Mottram 2*68 g. of 
dihydroxy- compounds (2*40 g., m.p. 127°; 0*28 g., m.p. 112°) together with 0-21 g. 
tetrahydroxy-derivatives (m.p. 168°). 10*72 g. of the more unsaturated fraction 
yielded by similar oxidation 1*23 g. dihydroxy- compound (m.p. 126°) and 0*05 g. 
of tetrahydroxy-derivatives. Eor comparison with these results a sample of the 
original unsaturated acids (i.v. 153) was directly oxidised without being sub- 
jected to the lithium treatment. The results of this experiment are summarised 
and compared with others in Table II. 

The effect of increasing the permanganate concentraiioii on the yield of the 
oxidation products. In the oxidation experiments so far described, the propor- 
tions of the reagents used by Lapworth and Mottram were rigidly adhered to. 
Since the starting material used by these workers was oleic acid (i.v. 90*4), 
whereas the acids used in the present work were far more unsaturated, it was 
considered desirable to investigate the effect on the yield of the dihydroxy- 
fraction of increasing the permanganate concentration proportionally to the 
increase in the iodine value. 

The results of all these variations of the conditions of oxidation on the 
yields of the products are set out in Tables I and II. Table I shows that the 
yield of dihydroxy- acids by the Lapworth and Mottram method is about five 
times as great as that obtained by Hartley’s method, while the yield of tetra- 
hydroxy- compounds is about two and a half times as great. The separation of 
the more unsaturated acids by bromination has given poorer yields of both 
products when compared with the direct oxidation by the former method. 
Increase in the permanganate concentration causes a fourfold Increase in the 
yield of the tetrahydroxy- fraction (Exp. 6), but slightly depresses the yield of 
dihydroxy-products. Table II shows a slightly increased yield of the two products 
as a result of the lithium soap treatment (c/. 4 and 5). The increase in the 
amount of the dihydroxy-fraction, which was the main objective, was however 
insufficient to compensate for the extra labour involved in the lithium soap 
separation, and accordingly direct oxidation of the unsaturated acids was em- 
ployed in the large scale preparation. Tables I and II show the variations which 
may occur in the proportions of singly unsaturated acids present in the mixed 
acids from different liver samples. In Exps. 2 and 5, in which the oxidations 
were carried out under identical conditions, but on different samples of acids, 
the yields of dihydroxy-products were 8*0 and 14*8 % respectively of the 
original mixed acids. Hartley [1909] obtained yields of dihydroxy- compounds 
varying from 2*6 to 4*5 % of the mixed pig liver acids. 
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Table I. J ields of di- and tetr a-hy dr oxy -acids obtained under 
various conditions of oxidation . 


The nnsaturated acids used in these experiments formed 6 1-5 % of the 
total mixed acids, and had i.v. 193. 



% yield from 

% yield from 


nnsaturated 

original acids 


acids 

A 

(calc.) 


Di- Tetra- 

Di- 

Tetra- 

Method used 

hydroxy hydroxy 

hydroxy 

hydroxy 

1. Hartley’s method of oxidation of unsatu- 

2*5 1*6 

1*5 

1*0 

rated acids 




2. Lap worth and Mottram’ s method on the 

13*0 4*2 

8*0 

2*6 

nnsaturated acids 




3. The singly unsaturated acid in the mixed 

11*0 2*4 

7*0 

1*5 

unsaturated acids first concentrated by 




bromination experiments and then oxi- 




dised by Lap worth and Mott ram’s process 




Table II. Yields of di - and tetra-hydroxy-acids obtained by the 


Lapworth and Mottram method. 



The unsaturated acids used in these experiments constituted 66* 1 

% of the 


original liver acids and had i.v. 153. 



j % yield from acids 

% yield from total % yield from original 

| from lithium 

unsaturated 

mixed acids 

1 soaps 

1 A 

acids 

A 

(calc.) 

Di- Tetra- 

Di- Tetra- 

Di- 

Tetra- 

Particular acids oxidised hydroxy hydroxy 

hydroxy hydroxy 

hydroxy 

hydroxy 

4. Acids from insoluble 56*3 4-4 

15*65 1*2 

10*34 

0*8 

lithium soaps 




Acids from soluble lithium 11*5 0*5 

8*3 0*33 

5*5 

0*2 

soaps 




Total by this method — — 

23*95 1*53 

15*84 

1*0 

5. Direct oxidation of mixed — — 

22*4 1*0 

14*8 

0*7 

nnsaturated acids 




6. The same as the preceding, — — 

21*0 4*1 

13*9 

2*7 


except that the perman- 
ganate has been increased 

The preparation of the dihydroxy -acids on a large scale. 266 g. unsaturated 
acids (i.v. 153, mol. wt. 322) were oxidised in 266 1. water at 4°, with the pro- 
portions of potassium hydroxide and permanganate recommended by Lap worth 
and Mottram. The second oxidations of the material soluble in light petroleum 
were carried out in exactly similar manner. In the third and fourth oxidations 
the volume of water was decreased because of the low iodine value of the 
petroleum- soluble fractions which indicated that not more than a part of them 
could be oleic acid. The successive stages in the procedure are best illustrated 
by the scheme (p. 846), which is followed by a brief summary of the final 
results. 
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II 


0*46 g. 

di hydroxy- acid 


266 g. (i.v. 153, mol wt. 322) 



oxidised in 266 1. water 

36*8 g. 15*0 g. 

dihydroxy-acid tetrahydroxy-acid 

10 

soluble in ligi 

I 1 

114 g. water- 2*3 g. in mother- 

soluble products liquor from the 

hydroxy- derivatives 
►5 g. 

it petroleum 

| re-oxidised in 105 1. water 

1 1 

22*8 g. Trace only of 

dihydroxy-acid tetrahvdroxy-acid 

75 

soluble in ligi 

1 i 

11*5 g. water- 1 g. in mother- 

soluble products liquor 

!g. (i.v. 31) 
it petroleum 

re-oxidised again in 25 L water 

i i 

3*7 g. Trace of 

dihydroxy-acid tetrahydroxy-acid 

8*9 g. water- Small mother- 

soluble products liquor 


60 g. (i.v. 24*6) 

unsaponifiable matter removed 


6*7 g. (i.v. 8) 29*1 g. 

acids soluble in cold unsaponifiable 

ether; insoluble in matter (i.v. 33) 

light petroleum 


23*1 g. acids 1 i.v. 14 
soluble in light petroleum J mol. wt. 303 

re-oxidised in 4 1. water 


No tetrahydroxy- 
acid 


I 

2*0 g. lost as water- 
soluble products 


Trace of mother- 
liquor 


20*8 g. acids ) « 

soluble in light petroleum * * 


N.B. Water-soluble products are calculated by difference. 

The results are summarised in Table III. 

Table III. 





Wt. of unsaturated acids used 266 g., equivalent to 402 g. of original mixed acids 

», crude dihydroxy-derivatives 63*8 g., „ 56*9 g. of “oleic” acid 

„ crude tetrahydroxy-derivatives 15*0 g., „ 12*1 g. of “linoleic” acid 

„ saturated acids 20*8 g. 

,, acids soluble in cold ether, insoluble in light petroleum* 6*7 g. 

,, unsaponifiable matter* 29*1 g. 

„ water-soluble products etc. (by difference)-]- 140*4 g. 

* The nature of these oxidation products was not investigated further. 

t These products would consist mainly of a mixture of the further cleavage products of small 
molecular weight derived from all the different unsaturated acids, together with the hydroxy- 
derivatives of the highly unsaturated acids (C 20 and C 22 ). 


Investigation of the dihydroxy fraction. 

In view of the possibility that the three yields of dihydroxy- acids obtained 
in the successive oxidations, 36*8, 22*8 and 3*7 g. respectively, might differ in 
nature on account of preferential oxidation of one or more acids, each was 


mam 
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Table IV. Fractionation of the dihydroxy -acids. 


Traction 

Weight 

M.P. 

C 

H 

Mol. wt. 

g" 

°c. 

0/ 

/o 

% 

(titration) 

Prom first oxidation 1 a 

28*7 

126 -126*5 

67*75 

11*3 

314 

314 

36*8 g. lb 

5*2 

119-5-122 

67*1 

11*2 



(indef.) 




Prom first re-oxidation 2 a 

15*3 

129*5-130*5 

6S*4 

11*45 

312 

22*8 g. 21) 

5*6 

117-5-120*5 

68*5 

11*4 

315 

Prom second re-oxidation 3 a 

2*1 

128*5-129 

68*5 

11*5 

317 

3*7 g. 3 b 

1*2 

117*5-120*5 

68*6 

11*4 

315 

C 18 H 36 0 4 requires 



68*35 

11*5 

316 


The analytical figures for fractions la and 16 suggest the presence of some 
tetrahydroxy-acid caused by the slight solubility in the very large volumes of 
boiling ether which were used in the separation of the crude di- and tetra- 
hydroxy-acids from each other. These fractions were accordingly combined, 
extracted with the minimum volume of boiling ether and the soluble dihydroxy- 
product was then fractionally crystallised from alcohol- ether. Following the 
removal in this way of 5 g. of crude tetrahydroxy-acid from fraction 1, all the 
fractions were successively crystallised from this solvent, and by this means the 
material was finally divided into a series of fractions with the following com- 
positions and properties : 


Table V. Composition and properties of the dihydroxy -acids. 


Fraction 

Weight 

M.P. 

C 

H 

No, 

g- 

°c. 

% 

0/ 

/o 

X 

36*0 

130*5-131 

68*4 

11*3 

2 

1*3 

128 

68*1 

11*3 

3 

0*8 

124-125 

68*4 

11*6 

4 

8*1 

117-120 

68*45 

114 

5 

1*7 

114 

67*7 

11*2 

^18^36^4 

requires • 


68*35 

11*5 


Table V shows that at least 70 % of the dihydroxy- acids consist of a com- 
pound melting at 130*5-131°. The melting-points and combustion analyses of 
fractions 2-5 imply the existence of three compounds: one, m.p. 130*5-131° 
(fraction 1) ; another of low carbon content, m.p. 114° (fraction 5) ; and an inter- 
mediate compound which constitutes the main bulk of the material, apart from, 
fraction 1, namely fraction 4, 8*1 g. ? m.p. 117-120°. Fraction 4 was repeatedly 
re crystallised from various solvents, but no effective further purification was 
obtained. This fraction appears to be a mixture of two dihydroxystearic acids, 
while fraction 5 is possibly the dihydroxy- derivative of an acid of lower carbon 
content. 

The constitution of dihydroxystearic acid , m.p. 130-5-131°. 

This was investigated by the method of Lapworth and Mottram. To 10 g. 
of the acid dissolved in 6 1. water containing 30 g. potassium hydroxide cooled 
to below 6° were added 41. 1 % aqueous potassium permanganate also cooled 
to below 6°. The mixture was well shaken and after remaining at room tem- 
perature for 4 hours the oxidation was stopped by the addition of sodium 
bisulphite solution and concentrated hydrochloric acid. A slight precipitate, 


separately fractionally crystallised from a mixture of alcohol : ether (1:1). The 
yields and properties of the resultant six fractions are recorded in Table IV. 
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formed at this stage was filtered off. It weighed 0*12 g. and melted at 120° and 
was therefore probably unchanged dihydroxystearic acid. The amount of acid 
actually oxidised was therefore 9*88 g. The aqueous filtrate after neutralisation 
with sodium carbonate was reduced to a volume of 900 ml. and was then ex- 
tracted thoroughly with ether. 

Monobasic acid. The residue left after the removal of the ether was distilled 
in steam for 3 hours. The distillate was extracted with light petroleum (b.p. 
40-60°). The solution, first dried over sodium sulphate, yielded on evaporation 
of the solvent 3*965 g. of liquid acids. 3*81 g. of these acids were distilled. 
3*332 g. distilled at 234°. Further fractionation yielded 2*334 g. having b.p. 238° 
and mol. wt. (determined by the silver salt method) 144*2, 142*6. The zinc salt 
was prepared (found: C, 54*7; H, 8*5 %). The small amount of acid boiling 
above 240° was not further investigated. The theoretical figures for w-octanoic 
and %-nonanoic acids are as follows : 

Of zinc salt 


A__ 



Yield 

B.P. 


C 

H 


cr 

°c. 

Mol. wt. 

0/ 

/o 

0/ 

o 

w-Octanoic acid 

4-50 

236-237 

144 

54-6 

8*6 

w-Nonanoie acid 

4*91 

253-254 

158 

56*9 

9*0 


Dibasic acid. The residue from the distillation in steam (about 70 ml.) was 
filtered while hot from traces of tar and the dibasic acid allowed to crystallise ; 
yield 4*29 g., m.p. 135-136° with previous softening. Suberic acid requires 
5*44 g., m.p. 141°. On concentrating the aqueous filtrate, a further 0*28 g., 
m.p. 120° (indefinite) was obtained. These products were divided into four frac- 
tions by crystallisation from ether. 


1. 2*522 g. m.p. 140*5-141°; mol. wt. 174*0; C, 55*3; H, 8*1%. 

2. 1*083 g. m.p. 140-141°. 

3. 0*218 g. m.p. 135-137°. 

4. 0*27 g. m.p. 100° indefinite. 

Suberic acid, C 8 H 14 0 4 , requires C, 55*15; H, 8*1 %; mol. wt. 174; m.p. 141°. 
The fourth fraction was converted to its magnesium salt, which was crystallised 
from water. The least soluble portion yielded 0*05 g. of acid of m.p. 102*5°. 
Azelaic acid melts at 106°. The oxidation products were therefore suberic and 
%-octanoic acids, together with small amounts of the acids having one more 
carbon atom, i.e. azelaic and %-nonanoic acids. In their oxidation of pure oleic 
acid, Lapworth and Mottram [1925, 2] obtained an 80 % yield of suberic acid 
and a 70 % yield of n-octanoic acid. They did not isolate azelaic or w-nonanoio 
acids from their oxidation products. They also estimated the amount of oxalic 
acid produced from the carbon atoms adjacent to the double bond. This -was 
not sought in our experiments. These results show therefore that at least 70 % 
of the singly unsaturated acid present in this sample of pig liver is A 9, 10 octa- 
clecenoic acid. 


Investigation of the dihydroxystearic acid , m.p . 117-120°. 

4*048 g. of this product were oxidised and the products isolated in exactly 
the same way as in the previous experiment. None of the substance remained 
unoxidised. 


The monobasic acid. This weighed 1*505 g. ; mol. wt. 145. 1*252 g. on distilla- 
tion gave three fractions, (a) 0*5 g., b.p. up to 220°; ( b ) 0*41 g., b.p. 221-235°; 
(c) 0*27 g., b.p. 236-240°. By redistillation of fractions (a) and (6) there were 




THE OCTADECENOIC ACIDS OF PIG LIVER 849 

obtained (i) 0-31 g., b.p. 220°; (ii) 0-28 g., b.p. 221-235°. The mol. wt. of frac- 
tion (i), determined by the silver salt method, was 136-4. This together with its 
boiling-point precludes the presence of w-hexanoic acid. The zinc salt was pre- 
pared from fraction ( h ) and gave on analysis C, 55-5; H, 8-8 %. The theoretical 
yields and the mol. wts. and boiling-points of the possible acids which might 
be present are : 


Acid 

Yield 

Mol. wt. 

B.P. 

°c. 

?i-Nonanoic 

202 

158 

253-254 

/z-Octanoic 

1-84 

. 144 

236-237 

71-Heptanoic 

1-66 

130 

224 

/z-Hexanoic 

1-49 

116 

206 

Crude product (found) 

1*505 

145 

up to 240 


With the small amount of material available, it was not possible to carry the 
investigation further. Study of the boiling-points and molecular weights of the 
various fractions, together with the initial weight of the crude oxidation product, 
make it appear certain that %-hexanoic acid could not have been present unless 
in traces. The mixture of acids probably consisted of ?i-heptanoic, ra-octanoic 
and %-nonanoic acids. 

The dibasic acid. The aqueous residue from the distillation in steam was 
filtered from 0-24 g. of a dark brown oil and from the filtrate there crystallised 
1-73 g. dibasic acid, m.p. 126-129°, clearing finally at 132°. On concentrating 
the mother-liquor, a second crop of 0*28 g. separated, m.p. 120° (indefinite). 
Total crude dibasic acid, 2*0 g. The theoretical yields of sebacic, azelaic and 
suberic acids would have been 2*59 g., 2-41 g. and 2-23 g. respectively. It is to 
be noted that in both crops the product differed in melting-point from that 
obtained at the corresponding stage from the oxidation of the higher -melting 
dihydroxys tearic acid (p. 848). On recrystallisation from ether, the first crop 
still melted at 120-125° and had mol. wt. 175. Further recrystallisation from 
ether had no apparent effect. Both fractions were therefore converted into their 
magnesium salts and these fractionally crystallised from water. The acids from 
the most and from the least soluble salts were obtained and recrystallised both 
from water and from ether. The most soluble magnesium salt gave a dibasic 
acid, which, after recrystallisation, weighed 0-32 g. ; m.p. 139-141°; C, 55T5; 
H, 8-1 % ; mol. wt. 175 (by titration). The acid from the least soluble magnesium 
salt weighed 0*28 g., crystalline plates, m.p. 133-134°; C, 59*60; H, 8*9%; 
mol. wt. 206. The theoretical data for four possible dibasic acids are: 



M.P, 

c 

H 



°c. 

0/ 

/o 

o/ 

/O 

Mol. wt. 

c u h 20 q 4 

124 

61*1 

9*3 

216 

c 10 h 18 o 4 

c„h 16 0 4 

c 8 h 14 0 4 

134 

59*4 

8*9 

202 

106 

141 

57*4 

55*15 

8*5 

8*1 

18S 

174 


The dibasic products of oxidation therefore contain suberic and sebacic acids; 
and it follows that in all probability azelaic acid is a third component, because, 
apart from any other consideration, suberic and sebacic acids present alone in 
a mixture would be very readily separated, whereas these two components w r ere 
only obtained in the present instance with difficulty. The presence of other 
dibasic acids in very small traces is also possible. In Table V I are given the 
products which would arise from a number of acids oxidised under the conditions 
used by us. The presence of suberic and %-octanoic acids and also of part of the 
azelaic and w-nonanoic acids in the oxidation products in this experiment shows 
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Acid 

Table VI. 

Main products 

By-products 

9 : 10-Dihydroxystearie acid 

Suberic and %-octanoic acids 

Azelaic and w-nonanoic acids 

10:11 


Azelaic and %-heptanoic acids 

Sebacic and w-octanoic acids 

11:12 

» 

Sebacic and n-hexanoic acids 

N onamethylenedicarboxylic 
acid and u-heptanoic acid 

12:13 

s» 

Nonamethylenediearboxylic 
acid and w-pentanoie acid 

Decamethylenedicarboxylic 
acid and w-hexanoic acid 


that the lower-melting dihydroxy fraction is a mixture and that the A 9,10 
dihydroxy- derivative has not been entirely removed by fractional crystallisa- 
tion. The yields and analytical data suggest that about one-half of the fraction 
may be the 9 : 10 compound. It therefore remains to account for the apparent 
formation of sebacic and n-lieptanoic acids. Under the conditions of oxidation 
used, the presence of these products suggests that the hydroxy- groups were 
originally in the 10 : 11 positions. This view, however, can only be put forward 
with considerable caution. Until the oxidation products can be obtained in far 
greater quantity to enable their isolation in pure form, no definite statement 
can he made. These results do however indicate the presence of an acid which 
is neither A 9, 10 nor A 12 ’ 13 octadecenoic acid, and which probably forms not more 
than 10 % of the total dihydroxy-fraction. 

Oxidation of ordinary oleic acid. At this stage it was felt wise to prepare the 
dihydroxystearic acid from ordinary oleic acid, in order to see whether it could 
be fractionated into high- and low-melting products of a similar nature. Accord- 
ingly 14*27 g. oleic acid (which still contained a little saturated acid) were 
oxidised by Lapworth and Mottram’s method and yielded 13*27 g. dihydroxy- 
stearic acid, m.p. 128°. Allowing for the 1*67 g. of saturated acids which were 
removed by light petroleum, the yield was 94*0 % of theory. On fractionating 
the hydroxy- derivative as in the large experiment on p. 847 there were obtained 
10-35 g., m.p. 130°; 1*0 g., m.p. 128° and 0*47 g., m.p. 122°, the mother-liquor of 
14 g. being a semi-liquid product. This fractionation was very similar in its 
results to that described for the hydroxy- compounds from liver, except that in 
this case there was no corresponding lower fraction, with a melting-point of 
117-120°, which remained unchanged after several recrystallisations. 

Discussion. 

These results show that at least 80 % of the octadecenoic acid of pig liver 
is ordina^ oleic acid (A 9,10 ), while some 10% may be the A 10, 11 acid. No 
evidence was obtained of the presence of the A 12 ’ 13 acid obtained by Hartley 
[1909]. This latter result is the more striking because the A 12 ’ 13 acid was the 
only acid found in pig liver by that author. It was isolated by him as the 
dihydroxy-acid, m.p. 129°, which was further oxidised. From the steam-volatile 
oxidation products, calcium and barium salts were prepared and these con- 
tained the percentages of metal required by theory for n-hexanoic acid. It is 
to be noted however that the decamethylenedicarboxylic acid, which should 
have been produced under the conditions of oxidation used by him along with 
%-hexanoic acid, was not isolated. Hartley contrasts the melting-point of his 
dihydroxy-acid, m.p. 129*5°, with that obtained by Edmed [1898] by oxidation 
of oleic acid, which gave a dihydroxy-acid, m.p. 134°, as evidence for the dis- 
similarity of his compound from the A 9,10 acid. Robinson and Robinson [1925], 
however, who record m.p. 132° for 9 : 10- dihydroxystearic acid prepared from. 
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pure oleic acid, comment that the melting-points (up to 136°) previously re- 
corded in the literature are too high. 

Little can be said at present concerning the small fraction of the acid which 
was isolated in this work as a dihydroxy-acid, m.p. 117-120°. The material 
available in the work carried out by Hartley [1909] and Turner [1930] did not 
allow them fractionally to crystallise their dihydroxy-products, and no corre- 
sponding compound was obtained. 

We feel that our results further weaken the available evidence for desatura- 
tion of fatty acids by the liver, for it will be recalled that Turner [1930] failed 
also to obtain evidence of the presence of any octadecenoic acid in sheep liver 
other than the A !> 10 acid. Bearing in mind the extensive researches of Sinclair 
[1932, 1, 2] 'which show the remarkable avidity with which the liver removes 
unsaturated acids from the portal circulation and the tenacity with which it 
retains them when the unsaturated fat in the diet is substituted by a saturated 
one, the original results of Leathes and Meyer- Wedell can be interpreted equally 
well for the present as being due to preferential absorption of fatty acids or 
as being due to desaturation. 

From another direction also considerable evidence is accumulating which 
seems to cast doubt on the validity of the desaturation hypo thesis. The extensive 
literature which is accumulating to show that animals will not grow on a diet 
which is rigorously freed from fat, but that normal growth is restored when 
very small amounts of linoleic or linolenic acids are administered, has given rise 
to the conception of “essential 55 fatty acids which implies a very limited ability 
of the animal to synthesise certain unsaturated acids at least [Burr and Burr, 
1929; 1930; Burr et ah, 1932]. If this finding- is substantiated, it is of particular 
importance to emphasise that one of the “curative 55 acids is linoleic acid, which 
on the desaturation hypothesis should be produced from depot oleic acid by 
introduction of a double bond into the 12:13 position. 

Summary. 

1. With a view to obtaining further evidence on the theory of desaturation 
of fatty acids in liver, the octadecenoic acids of pig liver have been investigated 
by oxidation of the unsaturated acids and subsequent further oxidative degra- 
dation of the dihydroxy-acids. 

2. Description is given of experiments carried out with a view to increasing 
the yields of dihydroxy-aeids when the mixed imsaturated acids are oxidised 
with alkaline permanganate. 

3. Fractional crystallisation of the latter acids shows the presence of at 

least two octadecenoic acids. One of these is shown to be A 9, 10 octadecenoic acid 
(ordinary oleic acid) and to constitute at least 85 % of the octadecenoic acids 
present. The second dihydroxy- acid, m.p. 117-120°, yielded on further oxidation 
a mixture of monobasic and dibasic acids which could not be satisfactorily 
separated on account of the small amount of material available. The evidence so 
far obtained from study of the oxidation products suggested the presence of a 
A 10 ’ 11 acid. ‘ ‘ _ 

4. The A 12 ’ 13 octadecenoic acid isolated by Hartley [1909] from pig liver 
was shown to be absent. 

5. The bearing of these results on the liver desaturation theory is discussed. 

We wish to record our gratitude to Mr A. L. Bacharaeh and the staff of the 
Glaxo Laboratories (Messrs Joseph Nathan and Co., Ltd.) who generously 
carried out the preparation of the crude fatty acids from 2 cwt. of pig liver. 
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Investigations of the piiospliatid.es of cabbage leaves have shown that the 
main constituent is phosphatidic acid, present as its calcium salt, and that 
lecithin and kephalin are absent [Chibnall and Channon, 1927]. This finding 
suggested that salts of phosphatidic acid might be the intermediate compounds 
in the synthesis of lecithin and kephalin from triglycerides, according to the 
scheme postulated by Trier [1912], and suggested further studies designed to 
throw light on this question. The work described in this paper was the first 
part of an investigation planned hi order to study the phosphatides of a seed 
and to trace the changes which occur on germination. While it was in progress 
investigations along similar lines were reported by Smith and Chibnall [1932] 
and J ordan and Chibnall [1933]. The former workers identified lecithin, kephalin 
and the calcium or magnesium salt of phosphatidic acid as constituents of the 
phosphatide mixture obtained from grass; while the researches of the latter, 
designed along lines similar to our own, were concerned with an exhaustive 
study of the distribution of phosphatidic acid, lecithin and kephalin in the 
runner bean during the different stages of germination and growth. They estab- 
lished for the first time the presence of phosphatidic acid in a seed. Because 
of the difficulty of obtaining adequate amounts of material for fractionation, 
we chose wheat germ as our starting material, for it can be obtained com- 
mercially and by far the greater part of the phosphatide of the wheat grain is 
present in the embryo. 

Experimental. 

Extraction of the wheat germ « 

As a result of studies of the phosphatide content of seeds, Schulze and 
Steiger [1889] recommended extraction by alcohol at 60°, the extract being 
evaporated to dryness and the residue extracted with ether, because they found 
that extraction of seeds directly with ether did not remove all the phosphatide. 
The advantage of the increased phosphatide yield obtained by this method 
tends to be offset by the fact that the final ethereal extract is contaminated by 
non-phosphatide substances, some of which may contain phosphorus. Jordan 
and Chibnall [1933] submitted the cotyledon residues of runner beans which 
had been already extracted with ether to this process. They found that much 
of the additional ethereal extract so obtained consisted of substances which 
readily lost their phosphorus on shaking an ethereal solution with dilute acid, 
and they consider that the extra amount of true phosphatide extracted by 
alcohol is not more than one- quarter of the total. With these findings in mind, 
we carried out an extensive series of extractions with ether, light petroleum, 
alcohol and acetone, alone and in mixtures, in order to obtain an extract of 
high phosphatide content and uncontaminated as far as possible. The degree 
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to which the phosphorus obtained in the extracts existed as non-phosphatide 
phosphorus was systematically investigated by the methods which were used 
for the large preparation and are described later, and only the method finally 
adopted as a result of these experiments need be described. Alcohol-ether (1:1) 
was found to be the most useful solvent for extraction, and a series of com- 
parative experiments on one sample of wheat germ in which different volumes 
were employed was carried out. The germ was mixed with the solvent and the 
mixture heated to boiling. After standing for several hours, at room tem- 
perature, the mixture was filtered and the residue washed with successive 
volumes of ether until the filtrate was colourless (usually 4 volumes). The filtrate 
was evaporated to dryness in vacuo on a water-bath at 60° and the residue 
dissolved in anhydrous ether. After several hours’ standing, the white sediment 
was removed by filtration and the ether-soluble material obtained by evapora- 
tion. The figures recorded below are typical of the results obtained: 

Solvent 

Ether (Soxhlet) 

Alcohol- ether (1:1) 


Since our object was to obtain the phosphatide fraction in as great a yield as 
possible, extraction with 12 volumes of alcohol-ether as described above was 
finally adopted throughout this work. The yield of oil by this method was 
8*40 % (mean of seven samples). Its phosphorus content corresponded to its 
containing about 10 % of phosphatide. 

Precipitation of the phosphatide . 

The removal of the phosphatide quantitatively from an oil in which it is 
present in relatively low concentration is difficult without the addition of inor- 
ganic salts. Because of a desire to avoid use of the latter, investigations were 
made of the optimum conditions for precipitation from ethereal solution by 
acetone. Samples from one preparation of wheat germ oil were dissolved in 
varying volumes of ether and to these solutions were added 9 volumes of acetone 
calculated on the volume of oil used. After cooling in the ice-box for several 
hours, the precipitates were filtered off and washed with acetone. From a 
phosphorus determination on the precipitate, the recoveries under the varying 
conditions were calculated. These are recorded in Table I. As a result of this 
experiment we adopted the method of dissolving the oil in 1-5 volumes of ether 
followed by precipitation with 9 volumes of acetone. 


v oiumes 


JL iUU 




6 

9 

12 

20 

(mean from 6 different 
samples) 


7*40 

7*60 

7*80 

8*25 

8*53 


0*019 

0*028 

0*025 

0*035 

0*036 


Table I. Percentage of recovery of phosphatide on precipitation 
of ethereal solutions by acetone . 


Ether-soluble P as % 
of the wheat germ 


Phosphatide (P x 25) 
as % of oil or 
precipitate 

Original extract 0*0232 7*8 

Precipitation by acetone (9 vols.) after dissolution in ether: 

Vols. 1 0*0202 54 

1*5 0*0208 60 

2 0*0191 00 

3 0*0171 65 


Recovery of 
ether-soluble P 
in precipitate 
o/ 

/o 


87 

90 

82 

73 




Analysis of a series of samples . 

Before proceeding with the bulk preparation, a series of extracts from 
different samples of germ (400-850 g. each) was prepared by these methods in 
order to study the variations likely to be encountered. Their analyses are re- 
corded in Table II. 


Table II. Analysis of seven samples of wheal germ oil. 


Sample 

A 

B 

C 

D 

E 

F 

G 

Mean 

Age (days) 

100 

42 

1 

1 

2 

1 

1 

— 


(kept 

(kept 








at 4°) 

at 0°) 







Yield g./ 100 g. germ 

9*80 

8*90 

7*7 

7*4 

8*5 

9*1 

7*8 

8*37 

Acid value 

— 

— 

— 

17*5 

21*7 

14*1 

16*1 

17*6 

Saponification value 

181 

188 

190 

192 

184 

180 



184 

I.V. 

110 

111 

115 

113 

111 

107 

— 

111 

P % of extract 

0*49 

0*55 

0*34 

0*29 

0*32 

0*43 

0*35 

0*39 

Fatty acids % of extract 

83*2 

80*0 

82*3 

84*7 

83*4 

82*6 

83*8 

82*8 

I.V. 

121 

122 

112 

119 

122 

124 

128 

120 

Mol. wt. 

284 

281 

282 

284 

278 

278 

284 

284 

Unsaponifiable matter : 









Yield % of extract 
Sterol (by digitonin) 

6*8 

8*0 

9*2 

5*6 

6*7 

6*1 

6*8 

7*03 

QO 

50 

47 

68 

60 

65 

— 

57*5 

I.V. 

99 

109 

109 

103 

108 

106 

— 

105*8 


From Table II calculations may be made as to the approximate composition 
of the extract. Later in this paper it is shown that the phosphatide is present 
as calcium, magnesium and potassium phosphatidates, together with lecithin 
and kephalin, and that little of the phosphorus of the extract is non-phosphatide- 
phosphorus. If the mixed phosphatides be regarded as having a mean phosphorus 
content of 4 % , the approximate composition of the extract calculated on the 
mean values in Table II is : 

Phosphatide x 100^ 9-75 % 

Free fatty acid ( x 28*2 x 100 ) S*8 % 

" \ o*o J 

Glyceride (total fatty acids - phosphatide acids (18-2 x P) -free 
fatty acid) x 1*045 69*9 % 

Unsaponifiable matter ... ... ... ... 7*03 % 

Total 95*48 % 

Thus about 4*5 % of the extract appears to he contaminating material of non- 
fatty nature. Analysis of the phosphatide fraction gave the results recorded 
in Table III. 


Table III. Analysis of the acetone-insoluble fractions from 
seven samples of wheat germ oil. 




A 

B 

C 

D 

E 

F 

G 

Mean 

Yield as % 

of extract 

13*7 

15*9 

8*0 

10*2 

10*4 

18*7 

12*6 

12*8 

Yield as % 

of germ 

1*3 

1*4 

0*6 

0*8 

0*9 

1*7 

1*0 

1*1 

I.V. 


77 

78 

74 

7S 

78 

75 

— . 

77 

Fatty acids 

0/ 

/o 

55*3 

52*6 

57*2 

57*7 

53*3 

56*4 

— 

56*2 

I.V. 

122 

121 

123 

118 

125 

120 

132 

123*0 

N % 


1*8 

1*8 

1*5 

1*5 

1*5 

1*6 

1*5 

1*60 

P % 


2*9 

2*9 

2*8 

2*4 

2*6 

2*6 

2*3 

2*65 

Ash % 


2*4 

2*6 

— 

2*7 

3*2 

2*6 

— 

2*70 


Bioehem. 1934 xxyin 
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The figures in Table III show that the mean value of the N:P ratio is 
1*34, indicating the presence of contaminating nitrogenous substances which 
are so often found in the phosphatide- containing ethereal solutions of the 
residue left after evaporation of an alcoholic extract of tissues. Calculation on 
the basis of 4 % phosphorus shows that the mean value for the maximum amount 
of phosphatide possibly present is 66*25 % . This would yield on hydrolysis 
48*32 % of fatty acid, calculated as oleic acid (P x 18*2), compared with 56*2 % 
found. The calculations from Table II, which indicate the presence of 4*5 % of 
non-lipoid substances in the original extracts, thus seem borne out by the 
presence of about 36 % of non-phosphatide in the acetone -insoluble fractions. 
Since these latter constituted 12*7 % of the original extracts, the 4-5 % would 
become 36 % if all the extraneous material of the extract were precipitated 
with the phosphatides. The phosphorus recovery in the acetone precipitates 
corresponds to 86*3 % of that originally present in the extracts. It is to be 
observed that the i.v. of the acids obtained by hydrolysis is identical with that 
of those yielded by the original material, which suggests that the composition of 
the phosphatide acids does not differ markedly from that of the glyceride acids. 

Large scale preparation. 9*5 kg. of wheat genn, received fresh and kept in 
cold storage for 5 days, were extracted with 1141. of ether-alcohol (1:1) in 
six batches. The preparation, carried out as described in 8 days, yielded 770 g. 
(8*5 %) of a brown oil which gave the following analytical values: acid value, 
18*6; fatty acids (i.v. 125, mol. wt. 282), 85*3 %; unsaponifiable matter, 5*4 %; 
P, 6*39 %; all of which figures correspond closely with those recorded as the 
mean value in Table III. 

Precipitation of the phosphatide . 

Acetone (6*5 1.) was added to a solution of 747 g. in ether (1*2 L). After 
standing for 15 hours in the refrigerator, the crude phosphatide was filtered off 
and washed with acetone. It was redissolved in ether (135 ml.) and reprecipi- 
tated by the addition of acetone (420 ml.). The product after washing with 
acetone weighed 68*9 g. (9*2 % of the extract). It analysed as follows : P, 2*97 % ; 
N, 1*52 %; amino-N, obtained by Van Slyke apparatus after hydrolysis for 
9 hours with N sulphuric acid, removal of the fatty acids and neutralisation 
after concentration, 0*15 %; the ash, 4*27 %, contained 29 % P and 12 % Mg. 
In order to ensure the absence of unsaponifiable matter which might have been 
carried down during the phosphatide precipitation, 6*517 g. was hydrolysed 
with sodium ethoxide for 4 hours. The yield of unsaponifiable matter was 
6*632 g. or 6*26 % . This corresponds to 16*5 % of the unsaponifiable fraction 
present in the original extract. The fatty acids obtained after removal of the 
unsaponifiable fraction weighed 6*290 g. (56*1 %). These acids had i.v. 120 and 
mol. wt. 299. 

From these data, and assuming that the ash represents pyrophosphate de- 
rived from metallic salts of phosphatidic acid present in the original mixture, 
an approximate distribution of the phosphorus may be derived as follows : 

1 - 24 % 

6*33 % 
1 * 40 % 

0*63 % 




P present originally as salts of phosphatidic acid ^ash 4*27 % x 
* present as kephalin ^ amino -N 0*15 % 


31 

'14 


29 

100 


Residual P (2*97 - 1-24-0*33) 

The residual P if present as lecithin would require 1*4 x ~ % JM 
The non-phosphatide-N, 1*52 - 0*78 


14, 


0*74 % 
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On the basis of these figures, the composition of the mixture would be : lecithin, 
36*4 % ; kephalin, 8 % ; phosphatidate calculated as the magnesium salt, 28*9 % ; 
unsaponifiable matter, 6*2 %; giving a total of 79*5 %. Hence the fraction 
contains 20*5 % of extraneous substances which have a mean content of 3*6 % N. 
A phosphatide mixture such as the above would yield on hydrolysis 54*24 % 
fatty acids as against 56*1 % found. The phosphorus present in the phosphatide 
precipitate corresponds to not more than 70 % of that present in the original 
extract as compared with the mean figure of 86*3 % for samples A-G. We have 
no explanation to advance for this considerably lower figure. 

Evidence was next sought as to the validity of the assumption concerning 
the nature of the ash and thereby whether the excess nitrogen as shown by the 
N:P ratio of 1*14:1 was due to extraneous nitrogenous substances present in 
the fraction or to the presence of a diaminophosphatide. The process finally 
adopted was that of emulsification of the phosphatide in water followed by 
aggregation by the addition of acetone and salt, a modification of that used 
by MacLean [1911]. T9 g. of the phosphatide, which will be referred to hence- 
forth as PI, were emulsified in 200ml. water, and 200 ml. acetone were added. 
The precipitate P2, 0*5579 g., was removed by filtration; to the filtrate sodium 
chloride was added until further precipitation ceased. This precipitate P3 
weighed 0*976 g. The analyses of P2 and P3 were so similar that they can be 
grouped together and compared with those of PL 

Table IV. Recovery after precipitation of the phosphatide emulsion hy acetone . 


Yield % of PI 

P2 and P3 

80*7 

PI 

% recovery referred 
to PI 

Ash 

5*23 

4-27 

98-86 

N 

0*86 

1-52 

45-66 

P 

3*29 

2*97 

89*19 

Fatty acids 

63*2 

57*0 

91*18 


Several deductions can be made from Table IV. In the first place the 
emulsification process has removed 54*34 % of the original nitrogen with a 
relatively small loss (10*81 %) of the phosphorus and has yielded a product 
having an jST:P ratio of 1:2*61. Further, this mild treatment, which would 
largely remove water-soluble inorganic material, including inorganic phosphate, 
and which would not cause any appreciable hydrolysis of the phosphatide, 
has not removed the original inorganic constituents, for there is a virtually 
complete recovery of the ash on incineration. The- N:P ratio and the nitrogen 
content (N 0*86 %) definitely show that the phosphatide mixture contains 
noii-nitrogenous phosphatides, for not more than 50 % of lecithin (N 1*74 %) 
can be present. There is thus strong presumptive evidence for the presence of 
phosphatidic acid. 0*86 % N, calculated as lecithin, would require P T93 % 
and fatty acids 35*1 %, leaving T36 % P and 28*1 % of fatty acids to be 
accounted for. 1*36 % P would represent 33 % of the fraction if present as 
the alkaline earth salts of phosphatidic acid and would yield 25 % of fatty 
acids on hydrolysis. With the 6*2 % of unsaponifiable matter present in PI, 
89 % of the fraction can be thus tentatively assigned. Thus this process has 
left in the product some 10 % of impurity. (Calculation also show r s that the 
19*3 % of material, removed as water-soluble products, has N 3*78 % , P 1*66 % , 
fatty acids 26*0 % . Such an amount of phosphorus w T ould correspond to 43 % 
of it being present as lecithin or similar phosphatide, which would require 
0*75 % N and would yield 30*2 % of fatty acids on hydrolysis.) 
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This experiment suggests therefore that the phosphatide mixture consists of 
lecithin and kephalin, together with about two-thirds of the sum of their amounts 
as salts of phosphatidic acid, and the method adopted provides an excellent 
means for concentrating the phosphatide with relatively little loss. 

Before treating the main bulk of material, further preliminary work was 
carried out with a view to determining the best conditions for the isolation of 
phosphatidic acid. The original method used by Channon and Chibnall [1927] 
and also used by Chibnall and his co-workers was to shake the mixed plios- 
phatides in ethereal solution with dilute hydrochloric acid. After washing the 
solution with water, the residue left after evaporation of the solvent was sepa- 
rated into a lecithin-kephalin fraction and phosphatidic acid by virtue of the 
solubility of the latter in acetone. The phosphatidic acid was then further 
purified by conversion into the lead salt. We encountered two difficulties when 
we attempted to carry out this process with our material. The first of these 
was the production of persistent emulsions when the mixed phosphatides were 
shaken in ethereal solution with aqueous acid, due to the lecithin and kephalin 
present. These were not encountered in the work on cabbage where the latter 
phosphatides were absent, but are commented on by Smith and Chibnall [1932] 
in their grass studies. This difficulty which rendered quantitative separations 
impossible, was overcome by a method which should prove of general use in 
phosphatide studies. We have used in place of water a mixture of water 100, 
acetone 40, sodium chloride 5. Acid may be added to the mixture as required 
and for final washing the salt may be omitted if desired. This has been found an 
extremely useful device, for separations are usually both rapid and quantitative. 

The second difficulty was that w r e were unable to separate phosphatidic acid 
from the mixed acid-washed phosphatides by precipitation of the lecithin- 
kephalin fraction with acetone. Many variations in this procedure were at- 
tempted, but studies of the nitrogen and phosphorus percentages in a large 
number of fractions (an example is fraction P4 given later) showed that little 
separation was obtainable by this method. We have no suggestion to offer in 
explanation, save that perhaps the nature of the fatty acids present in the 
phosphatidic acid, or the position of attachment of the phosphoric acid to the 
glycerol molecule may be involved. The method adopted to overcome this 
difficulty has been to shake the phosphatide mixture, after washing with acid, 
directly with lead acetate. The lecithin fraction was then largely separated from 
the lead salts by repeated extraction with absolute alcohol. This process w r as 
only effective because the percentage of kephalin in our product was low. 

In the fractionation which follows, the theoretical analytical figures below 
will serve for comparison with the results described. Any phosphatide prepara- 
tion is a mixture of compounds varying in the nature of the fatty acids, and 
these calculated figures given are based on compounds containing tw r o molecules 
of oleic acid. 



N 

P 

C 

H 

Mol. 

wt. 

Patty 
acids 
yielded 
by hy- 
drolysis 
0/ 

/o 

Ash as 
pyro- 
phos- 
phate 
0/ 

/G 

Lecithin 

1-74 

3*86 

65*75 

10*71 

803 

70*3 



Kephalin 

1-88 

4-17 

66*08 

10*48 

743 

75*9 



Calcium phosphatidate 

— 

4*20 

63*33 

9*88 

739 

76*3 

17*18 

Lead phosphatidate 

— 

3*42 

51*66 

8*06 

906 

62*3 

32*45 

Magnesium phosphatidate 

— 

4*29 

64*71 

10*09 

723 

78*1 

15*36 

Potassium phosphatidate 

— 

4*00 

60*31 

9*15 

775 

72*7 

21*28 

Phosphatidic acid 

— 

4*42 

66*76 

10*41 

701 

80*5 

— 
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Yield 

C 

H 

N 

P 



0 

0 

0/ 

0/ 


8- 

.0 

.0 

iO 

/o 

PI 

30 -S 

60-8S 

9-56 

1-52 

2-97 

P2 

27*1 

62-93 

9-69 

0-94 

3-28 

P3 

25-38 

60-42 

9-31 

0-87 

3-26 

P4 

22-65 

58-S2 

9-39 

0-93 

3-54 

P5 

1-64 

71-25 

1.1-32 

0-25 

1*53 


4. Treatment ivith lead acetate, (a) Acetone-soluble fraction P 5 . 1*56 g. dis- 
solved in 70 ml. ether were shaken with 20 ml. aqueous lead acetate solution 
containing a little acetic acid. The ethereal solution after four washings with 
water yielded 1*66 g. This was dissolved in 10 mi. ether and the lead salt pre- 
cipitated by adding 30 nil. alcohol. The lead salt was again dissolved in ether 
and reprecipitated by alcohol. The twice precipitated lead salt P6 weighed 
0*57 g. The soluble residue 1*09 g. was discarded. 

( b ) Acetone-insoluble fraction P4. In an attempt to avoid the emulsions 
encountered under (a), a saturated lead acetate solution in 50 % aqueous acetone 
was employed. 17*8' g. P4 dissolved in 180 ml. ether were shaken with 180 ml. 
of this lead acetate solution and the mixture was centrifuged. The ethereal 
solution was washed in the centrifuge- cups four times with 40 % aqueous 
acetone. On evaporation this yielded 19*5 g. while from the emulsion 2*43 g. 
were obtained; total yield 21*93 g. The product was extracted three times with 
hot absolute alcohol, 350 ml. in all, each extract being cooled to room tem- 
perature before filtration. The insoluble residue P8 weighed 7*80 g., the soluble 
fraction P9 12*2 g. The analyses of the lead compounds P6 and P8, together 
with the lecithin-kephalin fraction P9, were as follows: 



Yield 

C 

H 

N 

P 

Pb 

Asli 


g. 

o 

/o 

o. 

/o 

o 

/o 

o/ 

/o 

0 

/O 

% 

P6 

0-57 

52*02 

7-74 

0*12 

3-25 

21-6 

30*7 

P8 

7-80 

46-79 

7*06 

0-13 

3*69 

23*3 

34-8 

2-2 

P9 

12-20 

62-18 

10-11 

1-30 

2-45 

— 


Fractionation of the mmn 'preparation. 

L Treatment by emulsification in water and precipitation by acetone. 30*8 g. 
PI (N, T52; P, 2*97 %) were emulsified in 500 ml. water and, after adding 
acetone (500 ml.) and 12*5 g. sodium chloride, the mixture was chilled for 
15 hours. The precipitate P2, 27*1 g. (N, 0*94 %; P, 3*28 %), was treated in 
similar manner with half the quantities of water, salt and acetone. The precipi- 
tated phosphatide P3 weighed 25*38 g. (N, 0*87 ; P, 3*26 %). The first treatment 
thus removed 45*36 % of the nitrogen ; the small amount removed by the 
second treatment, 7*28 % , was taken as evidence that further repetition of the 
procedure w r ould not materially improve the product. The total loss of phos- 
phorus into the aqueous phase was 11*5 %. 

2. Treatment ivith acid. 25*1 g. P3 dissolved in 300 ml. ether were shaken 
successively with 300, 150 and 150 ml. of a mixture of water 400 ml., acetone 
200 nil., sodium chloride 40 g., with sufficient hydrochloric acid added to make the 
solution N /20. The ethereal solution was washed five times with the acetone-brine 
solution without added acid, 700 ml. in all, and yielded on evaporation 24*4 g. 

3. Separation by ether -acetone . 24*3 g. dissolved in ether (80 ml.) were precipi- 
tated with acetone (480 ml.). The process was repeated three times. The combined 
mother-liquors were evaporated to dryness and, by chilling the product after 
dissolution in hot acetone, a further precipitate was obtained. The total acetone- 
insoluble fraction P4 was 22*65 g. ; the soluble fraction P5 weighed 1*64 g. 

The yields and the analyses of these four products and that of P 1 were : 
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The analytical figures for fractions P6 and P8 are in fair agreement with 
those required by lead phosphatidate, although these products are not pure. 
Our experience bears out that of Smith and Chibnall [1932]. These workers 
comment on the difficulty of obtaining reproducible figures for carbon and 
hydrogen on similar lead salts. Thus their crude lead phosphatidate preparation 
gave C, 50*3; 48-2 %; and on purification by precipitation by alcohol from a 
solution in ether these salts contained 47-0 to 48*3 % of carbon, as against their 
theoretical content of 51-2 %. Hence not too much reliance can be placed on 
these carbon figures, which are usually some units below the theoretical value. 
Our two fractions contain also about 0T % N, which we failed to remove in 
spite of various treatments attempted for this purpose. This same difficulty 
was experienced by Chibnall and Channon [1927] and Channon and Chibnall 
[1927], who were unable to remove the CHI % N from the free phosphatidic 
acid prepared from cabbage leaves. Further evidence that these products are 
mixtures was obtained in the preparation of phosphatidic acid from the lead 
salt. 0*39 g. P6 was suspended in 40 ml. of hot benzene and decomposed with 
hydrogen sulphide. Considerable difficulty was encountered in dealing with the 
colloidal solution which resulted. It was finally evaporated to dryness and the 
residue extracted with acetone. After filtration, the acetone solution was cooled 
to 0° for 24 hours and again filtered. On evaporation there w r as obtained 0*284 g. 
of a viscous oil, which represented 73 % of P6 as against the 78*4 % required 
by theory. This contained 3*9 % P (theoretical P 4*42 %) and had i.v. 108. 
Similar difficulties with colloidal solutions were encountered in the decomposi- 
tion of 1 g. of fraction P8. This was treated similarly and, after standing in the 
ice-chest, the final acetone solution yielded after filtration 0*70 g. (P, 4*25 % ; 
N, 0*15 %), whereas the theoretical requirement is 0*77 g. Further the mol. wt. 
of the product 718, determined by titration in alcohol, shows the presence of 
non-acidic impurities. Similar findings were recorded by Smith and Chibnall 
[1932] whose product had mol. wt-. 746. This was confirmed by hydrolysis of 
1*09 g. of P8 by boiling for 20 hours with 2*5 N hydrochloric acid. The yield 
of fatty acids so obtained, 0*542 g., was 49*6 % of PS which is no more than 
79*8 % of theory, an experience again similar to that of Smith and Chibnall, 
who obtained 77 % from the lead phosphatidate prepared from grass. These 
fatty acids had i.v. 107, and contained 24*4 % of saturated and 75*6 % of 
unsaturated acids determined by the Twitchell method. This i.v. is greater 
than that of the acids from the lecithin-kephalin fraction, 90*2, but no signifi- 
cance can be attached to this difference, because considerable oxidation of the 
acids must have taken place during the two years throughout which this work 
was being carried out, since the i.v. of the acids of the starting material was 120. 
It seems to us not improbable that the low yields of fatty acids from the lead 
salts is due in part to oxidation of the more unsaturated constituents and their 
consequent insolubility in light petroleum on liberation by hydrolysis. This 
might, in part, also explain the low carbon figures which are generally obtained 
in these preparations. 

The lecithin-Jcephalin fraction P9. 

The N :P ratio in this fraction was 1 : 0*9, and the low nitrogen and phosphorus 
values showed that not more than two-thirds of this fraction could be lecithin. 
The excess of nitrogen over phosphorus, together with the demonstration of 
the presence of carbohydrate, which is mentioned below, show that, in spite 
of the treatment by emulsification in water twice and shaking the ethereal 
solution with aqueous acid, this fraction still contains much non-lipoid material. 
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Calculation suggests that about 20 % of this fraction (3*1 g.) is not lipoid, which 
shows that the impurities still present after the double emulsification process, 
about 15 % of P3, have accumulated in this fraction. The difficulty of removing 
carbohydrates from, plant phosphatide preparations has been encountered by 
many workers [Levene and Rolf, 1925; Schulze and Winterstein, 1903-04; 
Winter stein- and Smolenski, 1908-09; Smolensk!, 1908-09; Trier, 1913]. No 
attempt could be made to isolate lecithin or kephalin from so small an amount of 
material, and we accordingly contented ourselves with carrying out various 
experiments, designed to throw further light on the composition of this fraction. 

(a) Presence of carbohydrate. Acid hydrolysis sufficiently prolonged to ensure 
the complete breakdown of the phosphatide resulted in the presence in the 
aqueous filtrate of reducing substances to the extent) of 3 % when calculated 
as glucose. This contamination of plant phosphatide preparations with sugars is 
a general phenomenon, and Smith and Chibnall [1932] point out that the con- 
ditions used for acid hydrolysis of phosphatides are such as to reduce, possibly 
seriously, the yield of reducing sugar found. Hence this figure of 3 % is probably 
considerably too low and carbohydrates may thus account for a considerable 
part of the non- phosphatide material. 

(i b ) Fatty acid content. By alkaline hydrolysis with alcoholic potassium 
hydroxide, the fraction was found to contain 6*8 % of unsaponifiable matter 
and 57*39 % of fatty acids. If present as lecithin, the phosphorus content would 
yield about 45 % of fatty acids on hydrolysis. The excess 12*0 % of fatty acids 
(about 1*5 g.) may have been produced by slight hydrolysis during the very 
many fractionation processes. The fatty acids had i.v. 90*2 and yielded by the 
Twitchell process 58 % of unsaturated acids and 42 % of saturated acids. 

(c) Amino-N content. Determinations of total and amino-N on aliquot parts 
of the aqueous filtrate from an acid hydrolysis of 2 g. were carried out. The 
amino-N 0*30 % represented 25*7 % of the total N present in the hydrolysate, 
or 46*6 mg. which was the amount present in the original material PL The 
remainder of this hydrolysate was used for the base separation. 

(cl) Isolation of choline and colamine as gold salts. The methods used by Smith 
and Chibnall [1932] were employed for the separation. The aliquot of the 
hydrolysate employed contained 3*53 mg. of amino-N and yielded 65*3 mg. of 
colamine chloroaurate, which was 65 % of that likely to be present from the 
amino-N content. It melted at 190° and contained 48*1 % Au (required 
189-191°, Au 49*2 %). The filtrate from the mercuric acetate precipitation of 
the colamine was made acid and concentrated, and the mercury was removed as 
sulphide. After evaporation to dryness, the residue was dissolved in alcohol and 
an excess of alcoholic mercuric chloride added. The choline mereurichloride which 
crystallised was obtained in poor yield in very impure state. The mercury was 
therefore removed by means of hydrogen sulphide and after concentration of 
the filtrate a slight excess of gold chloride was added. The 10*29 mg. of non- 
amino -N present in the original aliquot gave 292 mg. of gold salt (m.p. 240-241 ; 
Au 42*9 %). This product was equally impure, for choline chloroaurate melts at 
269° and contains 44*5 % An. From several preparations of the choline frac- 
tion of the phosphatide base, the highest melting-point for the gold salt was 
248-249°. 


Investigation of the inorganic constituents . 

5-19 g. PI were hydrolysed by boiling for 15 hours with N HC1. The fatty 
acids were removed by extraction with ether. The combined aqueous acid 
washings were concentrated to small volume and contaminating organic matter 



862 


H. J. CHANNON AND 0. A. M. FOSTER 



removed by oxidising with nitric acid and perhydrol. Estimations of calcium 
as oxalate, magnesium colorimetrically and potassium as sulphate on suitable 
aliquot parts of the solution gave: Ca, 23*4 mg.; Mg, 28*4 mg. ; K, 11*1 mg. The 
amounts of the metals found correspond to 59*22 mg. P, when calculated in 
ratios Oa/P, Mg/P, K/P, of 1, 1 and 2 respectively. If these metals were 
originally present as phosphatidates, the amounts in the 5*19 g. of PI would 
be Ga phosphatidate, 0*432 g. (8*3 %); Mg phosphatidate, 0*8553 g. (16*5 %); 
K phosphatidate, 0*1103 g. (2*12 %). In the absence of other contaminating 
inorganic constituents these percentages of salts of phosphatidic acid would 
cause the original preparation to give an ash (as pyrophosphates) of 4*41 % 
(found 4*27 %). 

Discussion. 

For ease of discussion of the results, a summary of the fractionation is given in 
outline below. The percentages of N and P in each fraction are recorded, together 
with the total N and P contents, and these are expressed as a percentage of the 
corresponding figures on the original material. The weights of fractions have 
been corrected for the aliquots used for analysis. 


Diagram 1. Balance sheet showing the corrected weights, nitrogen and 
phosphorus percentages and percentage recovery. 


PI 30-8 g. (N 1-52 %, 467 mg.) 

(P 2*97 %, 915 mg.) 

Emulsification in water 

Precipitation by acetone and sodium chloride 

P2 27-1 g. (N 0-94 % , 255 mg. =54-6 %) 

(P 3 28 %; 889 mg. =97*2 %) 

As for PI 


P3 25*68 g. (N 0*87 %, 223 mg. =47*7 %) 

(P 3*26 %, 837 mg. =91*5 %) 

Shaken in ethereal solution with N/20 HC1. 
followed by precipitation by acetone 


Insoluble 

P4 22-60 g. (N 0-83 %, 213 mg. =45*0 %) 
(P 3-54 %, 800 mg. =87*4 %) 


Shaken in ethereal solution with lead acetate 
The residue extracted with alcohol 


Soluble 

P5 1*66 g. (N 0-25 %, 415 mg. =0*9 %) 
! (P 3*53%; 254 mg. =2*8%) 


Treatment as for P4 


Insoluble 
P*8 9-91 

(N 0-11 , 

(P 3-69 %, 366 mg. 


Soluble 

g. P9 15-53 g. 

%, 10-9 mg. =2*32 %) (N 1-30 %■ 
%, 366 mg” =40%) (P 2-45%; 


202 mg. =43-1 %) 
380 mg. =41-6 %) 


Insoluble 

P6 0-6 g. 
(N 0-12 % 
(P 3*25 % 


0-6 mg. 
19-5 mg. 


=0-15 %) 
=2-1 %) 


Soluble 

Discarded 


In this discussion of the relative amounts of the various constituents present, 
the calculations will refer to the phosphorus content and not to the gross weight 
of the individual substances, as it appears more informative to discuss the 
distribution of the phosphatides on this basis. The diagram shows that the 
total lead phosphatidate isolated in fractions P6 and P8 contains 42*1 % of 
the total phosphorus originally present. Since choline and colamine were isolated 
as gold salts from, the lecithin-kephalin fraction in amounts which compared 
favourably with the content of total and amino-N, it is reasonable to regard 
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the amino -N of this fraction as originating from kephalin, and to assess the 
remainder of the P after subtracting the kephalin-P as representing lecithin. 
Fraction P9 thus contains 2-48 g. kephalin and 7-2 g. lecithin, corresponding to 
11*3 % and 36*4 % of the P of the original material. It remains to account for 
the phosphorus in the aqueous mother-liquors resulting from the emulsification 
of fractions PI and P2. We made no attempt to investigate these further, save 
to show that the phosphorus present in them was not in inorganic form. Bearing 
in mind the impossibility of precipitating lecithin quantitatively by the means 
adopted, it is probable that the greater part of this phosphorus was present as 
lecithin. If this be assumed and the possibility that the original material 
contained substances containing phosphorus other than phosphatides be dis- 
regarded, a balance sheet to show the lipin-P distribution may be drawn up. 
We recognise of course the limited value of attempting to assess the proportions 
of different phosphatides in a mixture in the light of the limited knowledge of 
the constituents and the deficient methods of separation at present available, 
but such a distribution table is of some value in this particular instance, where 
attempts to maintain all separations as quantitative as possible have been made. 
On this basis, the total P of the original mixture had the distribution : lecithin, 
46*6 %; kephalin, 11*3 %; phosphatidic acid, 42*1 %. 

It remains to correlate these findings with the percentage of ash and its 
composition. It is shown in a preceding section that calculation of the amounts 
of the Ca, Mg and K in fraction P 1 corresponded to a theoretical ash value of 
4*41 % as against 4*27 % found if the metals were present as salts of phos- 
phatidic acid. These amounts would account for 1*141 % of the P of PI, or 
38*41 % of the total. The excellent agreement between this figure and that 
derived from the amount of crude phosphatidic acid, 42*1 %, must however 
be regarded with caution. In the first place the literature shows repeatedly 
that preparations of pure lecithin almost always give some figure for ash, and 
in our own experience two such preparations gave varying figures of 1 to 3 % . 
Our phosphatide preparation PI with an ash of 4*27 % therefore was giving 
a relatively low value, and this percentage is no more than is required were its 
metallic constituents entirely present as phospha tidates . Secondly, it seems 
rather doubtful if the potassium were present as phosphatidate, for the alkali 
salts of phosphatidic acid are water-soluble. It must not be overlooked, however, 
that ethereal solutions of phosphatides will readily dissolve many substances 
which are insoluble in ether though soluble in water. 

Previous work on the phosphatides of wheat germ has been confined to 
determinations of ether- soluble P or the recognition of the presence of lecithin 
from a study of the hydrolysis products. In regard to these and other findings, 
reference may be made to the work of Schulze and Steiger [1889], Winterstein 
and Hiestand [1907-08], Schulze [1908], Andrews and Bailey [1932], Sullivan 
and Near [1933], Knowles and Watkin [1932]. 

The function which salts of phosphatidic acid are playing in the plant cannot 
be assessed on the present limited evidence. In leaves, Channon and Chibnall 
found calcium phosphatidate to be the only phosphatide present in the ease 
of the cabbage. Smith and Chibnall [1932], who encountered very great diffi- 
culty in extracting the phosphatides of grass, were finally compelled to use grass 
dried for 8 minutes at 200°. This material contained many phosphatide de- 
composition products but the investigations sho'wed that in this leaf lecithin 
and kephalin were also present. Jordan and Chibnall [1933] obtained 0*4 g. of 
crude phosphatide from the embryo axes of 5000 seeds of the runner bean and, 
so far as could be achieved on this very limited amount of material, the results 
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suggested that the major part of the mixture consisted of a salt of phosphatidic 
acid, together with lecithin-kephalin in the proportions of 1:2. Our results on 
wheat germ give a corresponding ratio of 1:1-5. These authors found that on 
germination the disappearance of the cotyledon phosphatides w T as much more 
rapid than the appearance of phosphatides in the growing organs and hence 
they deduced that seed phosphatides must function chiefly as reserve food. 

Summary. 

1. Before fractionation of a preparation of the phosphatides of wheat genii, 
investigations were made of the hest methods for extraction of the germ and 
of precipitation of the phosphatide from the extract. 

2. Analyses of the oil prepared from seven samples of germ are recorded. 
The phosphatide fractions from these extracts were analysed for their contents 
of nitrogen, phosphorus and ash, together with the yields of fatty acids obtained 
by hydrolysis. 

3. The deductions made from these analyses were confirmed by a detailed 
investigation of the phosphatide fraction prepared from 9*5 kg. of wheat germ. 
This fractionation showed the presence of phosphatidic acid (as calcium, mag- 
nesium and potassium salts), lecithin and kephalin. These substances occur in 
the approximate proportions of 4 : 4 : 1 when referred to the phosphorus content ; 
at least 42 % of the total phosphatide being present as phosphatidic acid. 

4. A method of working ethereal solutions of phosphatides with aqueous 
solutions, which largely overcomes the persistent emulsions usually resulting, 
is described. 

The expenses of this research were defrayed in part by a grant from the 
Government Grants Committee of the Royal Society to whom we wish to express 
our grat-i dude. 

We wish to record our thanks to Messrs Bemax, Ltd., who supplied the fresh 
wheat germ. 
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CXXIL THE RELATION OF THE GROWTH 
RESPONSE TO DOSAGE OF VITAMIN A. 
CONFIRMATION OF A CURVE RELATING RESPONSE 
TO DOSE OF VITAMIN A GIVEN. 

By KATHARINE HOPE COWARD. 

From ike Pharmacological Laboratories , Pharmaceutical Society 
of Great Britain , London. 

(Received April 30th , 1934.) 

Coward el al. [1930] published a curve which related the average increase in 
weight in 5 weeks of groups of rats which, having ceased to grow on a diet 
deficient in vitamin A, had then been given graded doses of a certain sample of 
cod-liver oil. Each group consisted of about 30 rats (nearly equal numbers of 
males and females) and all the rats of any one group were given the same daily 
dose of cod-liver oil for 5 weeks. The different groups of rats were given daily 
doses of 0*25, 1*0, 1*5, 2*5, 7*5 and 20*0 mg. cod-liver oil respectively. The curve 
through the points obtained by plotting the mean increases in weight of the 
different groups against the dose of cod-liver oil given was a remarkably smooth 
one and apparently logarithmic in character. By plotting the mean increases 
in w T eight against the logs of the doses given, the points were found to be nearly 
in a straight line. The best straight line through these points was calculated, 
y= 12*1 +40*2, v; in the form y = 12*1 + 40*2 log, v it applied to the curve itself. 
Thus it follows that in a comparison of two substances the relative potency of 
the doses tested is not the ratio of the mean increases in weight of the groups 
of rats used ; it is the ratio of the abscissae corresponding to the mean increases 
in weight in the curve relating mean increase in weight to dose of vitamin A 
given; for example if, in a simultaneous test of two samples of cod-liver oil, 
1 mg. of one sample given daily for 5 weeks produced a mean increase in weight 
of 16 g. in a group of 5 male and 5 female rats, and 1 mg. of another sample 
of cod-liver oil produced a mean increase in weight of 8 g. in a similar group 
of rats, the ratio of the potencies of the two samples would not be 16:8 = 2 
(the ratio of the mean increases in weight) but 1*25:0*79 = 1*58 the ratio of the 
abscissae corresponding to the mean increases in weight as obtained from 
Coward’s curve of response. 

Use of this curve for comparison of two substances of different hinds , 

The curve of response is needed for interpreting the mean increases in weight 
of two groups of rats which have been given doses of very different substances 
(e.g. cod-liver oil and, say, milk powder). It is therefore necessary to show that 
it holds good (i.e. measures only vitamin A), no matter what other factors may 
be unavoidably given to the rats in either or both of the doses of substance 
under test. That a curve of response may be unreliable and even useless has 
been shown by Coward et al. [1933] in work on the estimation of vitamin B x . 
A rather shallow curve of response was obtained when vitamin B 2 etc. was 


866 


K. JBL COWARD 



supplied as 8 % yeast autoclaved for 6 hours at 15 lbs. pressure in the basal 
diet, and the results from pairs of doses of such substances as wheat germ, dried 
yeast and a certain food product could not be interpreted by it. The result from 
the higher dose of each substance was much higher than any point on the curve. 
However, when a fresh curve of response was constructed from results obtained 
with 20 % autoclaved yeast in the basal diet, a steeper curve of response was 
obtained than before and the results which could not be interpreted by the first 
curve could be interpreted by the second. Obviously there had been insufficiency 
of some factor (B 2 ?) in the first basal diet so that the full effect of the doses of 
vitamin B 1 alone could not be produced, but the substances tested (wheat germ, 
dried yeast, etc.) had apparently made up the deficiency. 

This experience and a similar experience in the construction of curves of 
response relating increase in weight and dose of vitamin D given [Coward etaL, 
1932] made us examine all the results of our vitamin A tests in which we had 
tested two or more doses of any one substance. The results indicate that our 
curve of response for vitamin A holds good, no matter what may be the nature 
of the substance tested. This, in turn, indicates that the basal diet used in our 
vitamin A tests contains enough of all substances which are necessary for 
growth except vitamin A. 

The examination of results from tivo doses of any one substance . 

In each experiment in which we have tested two or more different doses of 
one substance for vitamin A, we have determined the apparent potencies of the 
doses tested by finding from the curve of response the abscissae corresponding 
to the mean increases in weight of the rats used for each dose. These give the 
apparent ratio of the doses, and by comparison of the apparent ratio with the 
known ratio some idea of the reliability of the curve of response may be obtained. 

In practice we have seldom used the curve of response already described hi 
this paper, for it requires an equal number of male and female rats hi each 
group of animals used. In 1931 we separated the results from the male and 
female rats hi the groups used for constructing the curve of response, and con- 
structed other curves of response for male and female rats separately. The 
curves were y = 11-3 + 50-3 logo; for the bucks and y = 124 + 274 log x for the 
does. Later, with more information from our tests, these equations became 
y— 13-4 + 45-81 log# (bucks) and y~ 12-5 + 27-0 logo: (does). Thus we now average 
separately the hicreases in w r eight of the bucks and does given any one dose, 
find the corresponding abscissae from their respective curves of response and 
find the weighted mean of these abscissae. This can then be compared with the 
figure similarly obtained from a group of rats on another dose. 

In Table I are collected the results of all experiments in which tw r o or more 
doses of a substance have been tested for vitamin A. In the last two columns 
are stated (a) the known ratio of the doses, and ( b ) the apparent ratio of the 
doses determined as just described. The average abscissae have been included 
in the table to show r how wide a range of doses the curve may cover. 

The results show very good agreement between the known ratio of the doses 
tested and the apparent ratio of the doses. All the tests but one (dried milk (c)) 
show better agreement than might be expected from the known error of the 
test. This is the more satisfactory when the varied nature of the products tested 
is realised. The products include butter and margarine (very good agreement), 
two samples of cod-liver oil (less good agreement, one rather high and the other 
rather low), a fish-meal (very good agreement), four samples of dried milk (two 
in good agreement, one too high and one too low and therefore not disturbing), 
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Table I. Comparison between the known ratio of pairs of doses of different sub- 
stances tested for vitamin A and the apparent ratio of the doses as determined 
from the abscissae of the curve of response corresponding to the mean increases 
in weight found in the tests. 

When the substance was given as a percentage of the diet, records were made daily of the 
amount of food eaten, and from these were calculated the average amount of test substance eaten 

per day throughout the experiment. __ 

Weighted mean 

of abscissae Apparent ratio 

for male and Known ratio of doses, i.e. 
Substance Dose female rats of doses ratio of abscissae 

Dairy butter . 0*05 g. 1-34 2 : 1 2*5 : 1 


Vitaminised margarine 


(a) Dried milk (0*4 

(2*0 

(b) „ ( 0*2 

(2*0 


(a) Vitamin prep. 2 °/ { 


Wheat embryo 10 
prep. 20 


two vitamin preparations (good agreement), a wheat embryo preparation (fairly 
good agreement). It is perhaps more satisfactory still when it is realised that 
some of the best results were obtained in tests where the ratios of the doses 
were greatest, viz. 10:1 and 8:1. 

We therefore feel some confidence in using these curves of response for com- 
paring mean increases in weight of groups of animals as treated in our vitamin A 
tests. The basal diet in use in vitamin A tests in this laboratory contains at 
least enough of each of the factors necessary for growth for the amount of 
vitamin A in the dose tested to exert its full effect. 


The possible use of these curves in other laboratories. 

Considering the influence of partial deficiencies of certain factors in the basal 
diet on the slopes of curves of response, it would be unwise to adopt the curves 
described in this paper in another laboratory without confirming them. The 
confirmation would not need as many rats as were used in the construction of 
these curves. Probably 10 male and 10 female rats on each of 3 doses, fairly 
widely distributed; for example 0*5, 2*0, 8 mg. of an average sample of cod-liver 
oil would suffice for this purpose. 
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Discussion. 

We can find only one other report of the influence of the basal diet on the 
slope of the curve of response to graded doses of a vitamin. Sherman and 
Munsell [1925] published a series of composite growth curves of groups of rats 
which had been depleted of reserves of vitamin A and had then been given 
graded doses of tomato juice. Later Sherman and Ratchelder [1931] published 
a series of composite growth curves of rats similarly prepared and then given 
graded closes of dried milk powder. They stated that “milk powder experiments 
showed a more accentuated response than doses of tomato to increasing levels 
of feeding.” It is a simple matter to construct curves of response for 1, 2, 3, 4, 
5, 6, 7 or 8 weeks 5 feeding from the figures of their two papers. We constructed 
the curves of response for 5 -weeks 5 feeding, partly for comparison with our own 
curve, and partly because Sherman and Batchelder suspected that the rats of 
the most rapidly growing group suffered from a shortage of the 44 Coward factor 55 
in the last week or two of the test. We could construct only one curve of response 
for each test, and not two separate ones for male and female rats respective.lv 
as the details for male and female rats were not given separately. Each group, 
however, consisted of approximately equal numbers of bucks and does. The 
curve of response to graded doses of dried milk powder w as very much steeper 
than that to graded doses of tomato juice, and Sherman and Batchelder say “ the 
less accentuated response to increasing levels of feeding of the tomato may have 
been because this was a less adequate source than milk of some factor or factors 
whose influence upon growth was not fully realised at the time of the earlier 
experiments, or possibly that, notwithstanding the general equivalence of the 
vitamin A of animal origin, and its precursor of vegetable origin, there may still 
be a difference in the degree of readiness and completeness of utilisation of the 
two forms. 55 It is of interest to note that the basal diet used in Sherman’s 
tomato experiment contained only 5 % of dried brewer’s yeast, whereas the diet- 
used in the milk experiment contained 10 % dried brewer’s yeast. The greater 
££ spread 55 of the results of the tests of graded doses of dried milk may have 
been due to the larger supply of some factor in the dried yeast or to some factor 
other than vitamin A supplied by the milk and not contained in the basal diet. 
Whichever was the cause, the results demonstrate afresh the necessity of using 
a basal diet which has been proved to contain sufficient of all factors "necessary 
for growth except the one for which a test is to be made. 

Morgan has constructed curves of response relating mean increase in weight 
in 5 weeks of rats which, having nearly ceased to grow on a diet similar to our 
vitamin A-free diet, have then been given graded doses of vitamin A (private 
communication). They are 37-6 log a: (bucks) and y 2 =c 2 + 26*1 log x (does), 
but as his rats fed on this diet do not cease to grow 7 - on the basal diet alone, the 
slopes of the curves cannot fairly be compared with our own. 

The following equations of the curves of response of similar tests for vita- 
min A, so far available for comparison, are therefore: 

{a) Sherman’s tomato juice curve, 9-9 + 22*6 log x. 

{h) Sherman’s dried milk curve, y= 5*3 + 69*8 log x. 

(c) Co-ward’s curve, y = 12*1 + 40*2 log a?. 

It appears to be easy to explain the difference in slope of Sherman’s tw r o 
curves on the grounds of insufficiency of some factor in the basal diet, but it is 
difficult to see how this could he the reason for Coward’s curve being less steep 
than Sherman’s steeper one, for it has been shown that Coward’s curve holds 
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good for graded doses of substances containing many different growth, factors 
in addition to vitamin A. Does Sherman’s very steep curve of response to 
graded doses of (fried milk powder indicate that when rats have been fed on a 
diet partially deficient in one factor and wholly in another factor for several 
weeks and are then given abundance of the former and graded doses of the 
latter, the response will be greater than if the rats had had abundance of the 
first factor throughout the experiment? It is impossible to say if this is so from 
the experiments so far recorded. It can only be emphasised again that if a 
curve of response is to be used for determining relative potencies of doses, it is 
of the utmost importance that the basal diet should contain abundance of all 
factors necessary for growth except the one for which the test is being made. 

Summary. 

The validity of Coward’s curve of response relating mean increase in weight 
in 5 weeks to dose of vitamin A given has been confirmed by the method of 
comparing the known ratio of two doses of a substance tested with their apparent 
ratio as obtained from the abscissae of the curve of response corresponding to 
the mean increases in weight of the rats given the respective doses. 

Twelve substances have been tested in this way. They included butter, 
vitaminised margarine, fish-meal, cod-liver oil, dried milk, wheat embryo, etc. 

The agreement between known ratio of doses and apparent ratio of doses 
left no doubt that the curve was reliable, especially in view of the varied nature 
of the substances tested and the very large ratio of some of the pairs of doses 
used (e.g. 10:1, 8:1). 

The range of doses which can be compared by the use of this curve extends 
from a dose which is just sufficient to maintain weight of rats which have ceased 
to grow on a diet deficient in vitamin A, to a dose which is 50 times as great. 
There is no “ flattening’ 5 of the curve, and it is therefore concluded that there is 
no deficiency in the basal diet except vitamin A. 

Comparison with curves of response from other laboratories has been made 
and differences in slopes of curves of response have been discussed. 
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FOR VITAMIN A TESTS, AND ONCE ONLY 
FOR VITAMIN D TESTS, INSTEAD 
OF GIVING DOSES DAILY. 

By KATHARINE HOPE COWARD and KATHLEEN MARY KEY. 

From the Pharmacological Laboratory, Pharmaceutical Society 
of Great Britain , London. 

[Received April 30th , 1934.) 

The most laborious part of the work involved in testing for vitamins is, perhaps, 
the giving of a daily dose of the standard or of the substance under test to the 
experimental animals. It occurred to us that a great saving of labour would be 
effected if the doses could be given at less frequent intervals. We therefore 
carried out two experiments : 

1. On the effect of giving (a) daily doses, and (b) half-weekly doses in a 
5 weeks I. * * * 5 test for vitamin A (resumption of growth). 

2. On the effect of giving (a) daily doses, and (b) the whole of the 10 days’ 
dose on the first day of the 10 days’ curative period in a vitamin D test. 

Both experiments indicated that the giving of doses every day in tests for 
vitamins A and D is unnecessary; the doses can safely be given at longer 
intervals than 24 hours, though we have not attempted to determine the limits 
of these intervals. 

Moreover, since adopting the simpler method of dosing, we have obtained 
enough figures to show that it is at least as accurate as the more laborious method 
of dosing every day. 

We have not extended our investigation to the water-soluble vitamins. It is 
quite probable that, owing to the nature of their action in the animal body (so 
far as it is at present understood), the giving of doses at longer intervals than 
24 hours would not have the same effect as giving the doses daily. 

I. Vitamin A test. 

A. Comparison of effects of giving doses (a) daily and (b) half -weekly. 

The technique employed in this test was that described by Coward et al. 
[1930]. A cod-liver oil, chosen for examination by the two methods of dosing, 
was diluted with olive oil so that one drop of the dilution (19-21mg.) contained 

1 mg. cod-liver oil. Some rats which had ceased to grow on a vitamin A-deficient 
diet were given one drop of this solution daily, others were given 3 drops on 
Mondays and 4 drops on Thursdays. The mean increases in weight of the bucks 

and does were calculated separately for each group (Table I). 


SIMPLIFICATION OF VITAMIN TESTS 


871 


Table I. Mean increase in weight of groups of rats which had become steady in 
weight and were then given cod-liver oil (a) daily, or ( b ) half -weekly, the total 
dose for each rat being 7 mg. per week for 5 weeks. 


No. of rats 


Mean increase in weight 
in 5 weeks 


Method of dosage $ 0 g q 

Da % o 6 19-6 14*3 

Half-weekly 4 7 20*0 14-0 

It is obvious that the method of dosing half-weekly has given the same 
result as the method of dosing daily. 

B. Validity of this result . 

The possibility that two results in our vitamin A tests although apparently 
equal, may in fact be different, has been worked out for groups of 10 animals. 
The larger the number of animals in each group, the greater is the probability 
that the results are indeed alike. 

First were calculated the probabilities that any result with a group of rats 
would be greater or less than the true result by given amounts; e.g. Table II 
shows the calculation by which it was found that there was a 1/22 chance that 
10 male rats would give a result either greater than 153*7 % or less than 65*1 % 
of the true value and that 10 female rats would give a result either greater than 
179*8 % or less than 55*6 % of the true value. 

Table II. Calculation of the probability (1)22 chance) that the result of a vitamin A 
test {a) based on a group of 10 male rats would be greater than 153*7 or less 
than 65*1 °/ 0 of the value found, and (b) based on a group of 10 female rats, 
would be greater than 179*8 or less than 55*6 °j 0 of the value found. 


Standard deviation of the increase in 5 weeks of 
the rats of this colony in vitamin A tests 

Curve of response relating mean increase in 
weight in 5 weeks to dose of vitamin A 

Logarithmic variance of the test 
(Standard deviation/slope of curve of response) 

Log. var. of mean when 10 rats are used in 
a test 

Probability (1/22 chance) that a result with 
10 rats would be : 


y — 1 1*3 + 50*3 log x y — 12*4 + 27*4 log x 


-A: = 0*093 
V10 

*2*007 x 0*093 
=0*1867 
=log 1*5371 


2*007 x0*127 
= 0*2549 
= Iog 1*7984 


greater than 153*7 % greater than 179*8 ( 


or less than 65*1 % 
of the true value 


or less than 55*6 % 
of the true value 


* Table of x, Fisher, Statistical Methods for Research Workers, p. 76. 

In a test made with 5 bucks and 5 does, there is a 1/22 chance that the 
true value is either less than 60*3 % (average of 65*1 and 55*6) or greater than 
166*7 (average of 153*7 and 179*8) of the value found. There is a 1/44 chance 
that it would be one or the other. In a comparison of 2 doses with 2 groups of 
rats (5 bucks and 5 does in each), there is a 1/44 x 1/44 chance that the true 
value of one dose is 60*3 % of the found value while the true value of the 
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other dose Is 166-7 % of tile found value, i.e. there is a 1/1936 chance that one 
value Is really more than 166 * 7 / 60*3 = 2*76 times the other. This probability is 
very small Indeed. Other probabilities are shown in Table III. 

Table III, Chances that the true ratio of hvo doses apparently equal 
may in fact be greater than 1:1. 


Probability 

1 in 1936 
1 in 900 
1 in 400 
1 in 256 
1 in. 196 


True ratio 


Probability 

1 in 144 
1 in 36 
lin 16 
1 in 4-4 


True ratio 

2-02 

1-63 

1*41 

1*03 


Thus there is only a 1 in 4-4 chance that either of two results which are 
apparently equal may be more than 3 % greater than the other. This is much 
smaller than the “probable error” (1 in 2 chance) which is the probability most 
often used for describing the accuracy of a biological test. There is a i in 16 
chance of one result being more than 40 % greater than the other. This again 
is a small chance. We, therefore, felt justified in changing from daily doses to 
half- weekly doses for vitamin A tests. 

The calculation just described was based on the assumption that the standard 
deviation of the increase in weight in 5 weeks of rats given half- weekly doses 
of vitamin A was the same as that of rats given daily doses of vitamin A. We 
have not enough figures to calculate the standard deviation of the increase in 
weight of rats given doses half- weekly for 5 weeks, but since adopting this 
method of dosing we have gamed a certain amount of information from which 
we have calculated the standard deviation of the increase in weight of rats 
given doses half- weekly for 3 weeks. This figure can be compared with the 
standard deviation of the increase in weight of rats given doses daily for 3 weeks 
(Table IV). 

Table IV. Standard deviation of the increase in • weight in S weeks of rats 
which ham been given doses of vitamin A (a) half -weekly, (b) daily . 


Doses given 


No. of 
tests 

No. of 
rats 

Zd? 

Average 

variance 

Standard 

deviation 

Half-weekly 

Bucks 

7S 

326 

41,936 

169*8 

13*03 


Does 

83 

430 

30,958 

S9-22 

9*45 

Daily 

Bucks 

184 

1014 

118,764 

143*09 

11*96 


Does 

194 

1187 

95,616 

96*29 

9*81 


Thus the standard deviation of the increase in weight in 3 weeks was slightly 
higher for the bucks and slightly lower for the does which were given doses of 
vitamin A half- weekly, than for the corresponding rats which were given doses 
daily. It was, therefore, reasonable to use the standard deviation of the increase 
in weight of rats given daily doses for 5 weeks for calculations relating to the 
increase in weight of rats given half- weekly doses for 5 weeks. 

II. Vitamin X) test. 

A. Comparison of effects of giving (a) one dose at the beginning of the 10 days 5 
curative period , and (b) 1/10 of that dose daily for 10 days . 

We made a direct comparison of these two methods of dosing first of all by 
using the standard solution of vitamin D. This showed that the two methods 
gave the same result, but we made another comparison of the two methods 
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using cod-liver oil (our oil Z) lest the finding with the standard should not be 
applicable to cod-liver oil. This experiment also gave the same result by the 
two methods and we, therefore, felt justified in adopting the simpler method of 
dosing in all estimations of the vitamin D content of samples of cod-liver oil. 

(a) Standard solution of vitamin D. 19 rats from 8 different litters (approxi- 
mately half of each litter) which had received a rachitogenic diet (Steenbock’s 
2965) for 3|- weeks were each given 5 units of the International Standard solution 
of vitamin I) in one drop (20 mg.) of solution. They were given the basal diet 
without addition for the following 10 days. 20 rats, the other halves of the same 
litters, having as nearly as possible the same initial weights (i.e. paired), were 
given 0-5 unit standard vitamin D hi 20 mg. solution daily. Ten days after 
dosing began, all the animals were killed and their ulnae and radii were examined 
by the method in general use in this laboratory [Dyer, 1931; Key and Morgan, 
1932].^ The average degree of healing of the 19 rats which received 5 units of 
vitamin D in one dose was 3*00 and the average degree of healing of the 20 rats 
which received 0*5 unit daily was 3*20. Thus the two methods gave almost the 
same result. 

(b) Cod-liver oil. 10 rats from 3 litters (half of each litter) were each given 
20 mg. cod-liver oil in one dose on the first day of the curative period, and 
10 rats, the other halves of the same litters, were each given 2 mg. of the same 
cod-liver oil for 10 days. The average degree of healing, determined as before, 
was found to be 2-0 for the animals receiving one 20 mg. dose and 1*7 for those 
receiving 2 mg. daily. Thus the two methods of dosing again gave almost the 
same result (Table V). Moreover, the method, which gave a slightly higher 
result in one experiment, gave a slightly lower result in the other. It, therefore, 
seemed justifiable to conclude that the two methods gave equal results. 

(c) Other substances . Most substances other than liver oils and vitamin D 
concentrates contain so little vitamin D that large doses of the substance have 
to be given in order to produce an effect. Thus butters containing from about 
0*5 to 2*0 units per g. have to be tested hi doses of 0*5 g. per day. This is about 
as much butter as can be conveniently given to a rat at one time ; hence we have 
continued to give doses of butters and of most other substances every day as 
before. 

Table V, Comparison of the effects of giving [a) the whole dose at the beginning of 
the 10 days' curative period, and (b) a daily dose for 10 days' curative period. 

Average healing in groups 
of rats after 

(a) Whole dose at (b) Daily dose for 
beginning of 10 days’ 10 days’ curative 
curative period period 

3 0 3*2 

2*0 1*7 

B. Comparison of the two methods of dosing in vitamin D tests with regard 
to the accuracy obtainable in the result. 

When we began to give the whole of the 10 days’ dose of oil or standard at 
the begi nnin g of the curative -period, we delivered the dose from a micrometer 
syringe, wiping the nozzle carefully before putting it sideways into the rat’s 
mouth and then wiping it once or twice on the side of the rat’s mouth on with- 
drawal, to make sure that the rat had received the whole of the very small dose. 

56 — 2 


Irradiated ergosterol (5 units altogether) 
God-liver oil (20 mg. altogether) 
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The volumes of the doses to be delivered were calculated from the average 
specific gravity of cod-liver oil and of the diluted standard as determined in this 
laboratory. 

When we had used this method for some months we gained the impression 
that we were obtaining more uniform results than we had previously. A calcu- 
lation of the standard deviation of the amount of healing, based on observations 
of 334 rats, gives a standard deviation 0*716. The standard deviation obtained 
for tests in which doses were given daily w T as 0*783. The improvement in accuracy 
is thus very slight ; it reduces the probable error of the result, when 20 rats are 
used in an estimation, from 9 to 8 % . We are, therefore, satisfied that the 
method of giving the whole dose at the beginning of the 10 days’ curative period 
gives a result which is not less accurate than that obtained by the method of 
giving doses daily. 

We have applied this result to the routine of our vitamin A tests also. 
Whereas we used to give each rat which was being used for a vitamin A test 
a dose of 4 units vitamin D in 20 mg. olive oil twice a week, nowadays we give 
8 units of vitamin D hi 20 mg. olive oil once a week. This is a saving of labour 
also. 

Summary. 

The same results were obtained in a vitamin A test on a certain sample of 
cod-liver oil by giving the required amount either as daily doses or as half- 
weekly doses. 

A statistical calculation showed that the probability that these results are 
really equal and not only apparently so is very high. There is approximately 
a 77 % chance that the results are within 3 % of each other. There is a 94 % 
chance that they are within 41 % of each other. 

A further calculation of the standard deviation of the increase in weight 
during the test, since this method of dosing was adopted in this laboratory, 
shows that the method gives results of approximately the same degree of 
accuracy as did the former method. The standard deviation of the results from 
the bucks was slightly greater, that from the does slightly less, than the corre- 
sponding figures obtained by the other method of dosing. 

Practically equal results were also obtained in two vitamin D experiments 
((a) using a certain sample of cod-liver oil, and ( b ) using the International 
Standard for vitamin D) when the whole dose was given at the beginning of the 
10 days’ curative period and when the amount was divided into 10 daily doses. 
The former of these methods of dosing appeared by calculation to be slightly 
more accurate than the latter. 

A great saving of labour in tests for vitamins A and D can be safely effected 
by giving doses at less frequent intervals than the usual one of 24 hours. There 
is no evidence yet that this result is applicable to tests on the water-soluble 
vitamins. 
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THE INFLUENCE OF THE SOLVENT ON 
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From the Pharmacological Laboratories , Pharmaceutical Society 
of Great Britain , London. 

(Received April 30th , 1934.) 

In June, 1931, the Permanent Commission on Biological Standardisation of the 
Health Organisation of the League of Nations recommended [1931] the adoption 
of a particular sample of carotene as a provisional standard of reference for the 
estimation of vitamin A. This was to be prepared from the pooled contributions 
of five workers from different laboratories by the National Institute for Medical 
Research, London, where it would be kept and issued as required. The unit of 
vitamin A suggested was the vitamin A activity of ly (0*001 mg.) of this par- 
ticular sample of carotene. 

The standard of reference for vitamin A was adopted provisionally for two 
years, for it was not known how long carotene would retain its growth -promoting 
potency. As soon as the standard became available, workers in many labora- 
tories began to use it and, from informal comparisons of results, it early became 
evident that widely different responses to the same dose of standard were being 
obtained in different laboratories. It was difficult to believe that the differences 
in response were entirely due to differences in basal diets of the rats, and it 
seemed most probable that the cause of the differences would be found in the 
different oils used for dissolving the carotene for administration to the rats. 
It was, therefore, thought desirable to make direct comparisons of different oils. 


I. The influence of the solvent on the vitamin A 

ACTIVITY OF CAROTENE. 

A. First comparison of oils as solvents for carotene . 

In the first comparison the standard carotene was dissolved in (a) hardened 
cotton-seed oil, (6) ethyl laurate (redistilled), (c) arachis oil, respectively, so that 
a daily dose of 5y carotene could conveniently be given in 0*02 g. oil. In pre- 
paring the solutions, one of two methods w r as adopted; either (a) the ampoule 
containing the standard was weighed before and after washing out with benzene 
and the loss taken as the weight of carotene, or (6) after transferring the solution 
to a known v T eight of melted solvent, the benzene was evaporated in vacuo 
until constant weight was attained and the increase in weight recorded as the 
weight of carotene added. Solvent was then added to produce the required 
dilution. The solutions were distributed in amber- coloured glass ampoules which 
w^ere twice evacuated, refilled with dry nitrogen and immediately sealed. The 
tests were carried out by our usual method of giving 3 doses on Tuesdays and. 
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4 on Fridays [Coward and Key, 1934]. A fresli ampoule of solution was opened 
each, day on which doses were given. The results of this comparison are seen 
in Table I. All ampoules of solutions were kept at 0°. 

Table I. Comparison of (a) hardened cotton-seed oil , (h) ethyl laurate and 
(c) arachis oil as solvents for carotene for use in vitamin tests. 

Dose: 5y carotene (International Standard) in 0-02 g. oil per day. 

Abscissae of Coward’s Weighted 





Mean increase 
in vt. in 

curve of response 
corresponding to 

mean of 
abscissae, 

i.e. 


No. of rats 

No. of rats 

5 weeks 

mean increase 


in test 

A 

surviving 


in wt. 

A 

relative 

potency 


( \ 

r ' *\ 



( \ 

Solvent 

<J ? 

3 ? 

A o 

Q 1* 

O' $ 

of doses 

Hardened 
cotton-seed oil 

7 7 

2 6 

S*5 

17*2 

0*88 1-47 

1*32 

Ethyl laurate 

5 6 

4 6 

9*2 

22-0 

0*91 2*24 

1*71 

Arachis oil 

5 7 

5 7 

38*6 

40*7 

3*49 10*79 

7*75 


Thus the vitamin A value of 5y carotene dissolved in arachis oil may be 
■five or six times as great as it is when dissolved in hardened cotton-seed oil or 
in ethyl laurate. 

The three oils (without carotene) were tested on 3 groups of rats, 4 rats in 
each group, each rat being given a dose of 0*02 g. oil per day (3 doses on 
Tuesdays and 4 on Fridays). One rat given hardened cotton- seed oil lived for 
35 days and was then killed ; it was 5 g. less in weight than when first given the 
oil; the other three died in 11, 19 and 27 days respectively. The rats given 
ethyl laurate died in 6, 7, 17 and 17 days respectively. The rats given arachis 
oil died in 14, 17, 21 and 35 days respectively. Thus the superiority of the 
arachis oil solution of carotene cannot be attributed to the presence of vitamin A 
in the arachis oil. 

Some comparisons were made of the yellow and red values of these solutions 
(5y carotene in 0*02 g. oil), (a) after the ampoules had been kept unopened in 
the refrigerator for 11 weeks after sealing, and (b) after a further week during 
which the open ampoule had been exposed to the air and warm temperature of 
the rat room for 20-30 minutes each day. The result may be seen in Table II. 
The colours were matched against the glasses of a Lovihond tintometer. 

Table II. Colours of solutions (a) after 11 weeks’ storage in nitrogen-filled ampoules 
in refrigeratory and ( b ) same solutions after exposure to air and warm, tem- 
perature of rat room for 20-30 minutes daily for one week. 



Colour of solution from 
freshly opened ampoule 

Colour of same solution 


after storage for 

after exposure to air 


11 weeks 

A 

of rat room 

.. A. 


Yellow Red 

1 

Yellow 

Red 

Hardened cotton-seed oil 

19*6 7*0 

20*3 

6*4 

Ethyl laurate 

23*0 3*9 

24*0 

4*0 

Arachis oil 

24*0 5*7 

24*0 

5*7 


Thus the colour of the solution seems to be very little indication of its 
vitamin A activity, for the solution in the hardened cotton-seed oil was only 
slightly less yellow and was a deeper red than the solution in arachis oil, and 
the solution in ethyl laurate had the same yellow value and a somewhat lower 
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red value than the solution in arachis oil. The exposure to the air and warm 
temperature of the rat room for 20-30 minutes daily for one week did not 
reduce the colour values of these solutions. 


B. Second comparison of oils as solvents for carotene . . 

The second experiment consisted of a comparison of arachis oil and coconut 
oil as solvents for the Intemationl Standard carotene. A private communication 
from one worker that the activity of carotene in arachis oil had been found to 
be much less than in coconut oil made us decide to use a dose of 2 y standard, 
in arachis oil and a dose of ly standard in coconut oil for this comparison. 
One ampoule of the standard was used for each solution and the dilution made 
by the same method as in the last experiment. Three doses were given to the 
rats on Tuesdays and 4 on Fridays as before, a fresh ampoule of solution being 
opened each day (Table III). 

Table III. Comparison between (a) arachis oil and ( b ) coconut oil (161441) 
as solvents for the standard carotene. 

Abscissae of Coward’s Weighted 
Mean increase curve of response mean of 

No. of rats in wt. in corresponding to abscissae, 

used in the 5 weeks mean increase i.e . 



Dose of 

test 


g* 

A 

in wt. 

relative 

potency 


f 

T 


r 

Solvent 

standard 

o 

9 

<J 9 

of doses 

Arachis oil 

2y 

4 

5 

33-5 23*6 

2*75 2*56 

2-64 

Coconut oil 
(161441) 

ly 

5 

5 

25-0 12-6 

1*79 1-00 

1*40 


The relative potency of the doses as determined from the abscissae corre- 
sponding to the mean increases in weight of the groups of rats in Coward's 
curve relating increase in weight to dose of vitamin A given is 2*64:14 which 
is almost the ratio of the doses of carotene given, 2:1. Therefore, the activity 
of the standard in these samples of arachis oil and coconut oil (161441) is the 
same. 

C. Third comparison of oils as solvents for carotene . 

A third experiment was carried out (a) to compare different samples of 
coconut oil and (b) to see whether the addition of quinol to the solution would 
make any appreciable difference to the activity of the carotene within the 
duration of the experiment 1 . The British Drug Houses, Ltd., kindly supplied 
three samples of coconut oil known to be of different origin. The test was made 
in the usual way on each of these samples, each one being tested with and without 
0*1 % quinol respectively. The solutions were made hi the usual way, one 
ampoule being opened on each day of dosing. The dose was at the rate of ly 
carotene per day (Table IV). 

It is evident that the - addition of quinol has made no difference to the 
activity of the carotene dissolved in each of these samples of coconut oil. In 
two of the samples the activity of the carotene appears to be equal, while in 
the third it appears to be less than in the other two. In order to determine 
whether this difference is significant a calculation was made on the basis of the 
increases in weight of (a) the bucks which received each oil, whether with or 
without quinol, and ( b ) the does which received each oil whether with or without 

1 A comparison suggested by the Accessory Food Factors Committee of the Medical Research 
Council and Lister Institute and undertaken by three laboratories. 



878 


F. J. DYER, K. M. KEY AND K. H. COWARD 


Table TV. Comparison between three samples of coconut oil, each one with 
and without 0-1 % quinol respectively, as solvents for carotene. 


No. of rats 
used in test 


Mean increase 
in wt. in 
5 weeks 

g- 


Abscissae of Coward’s 
curve of response 
corresponding to 
mean increase 
in wt. 


Weighted mean 
of abscissae, 
i.e. relative 
potency 


Solvent 

d 

2 

o 

0 

<? 

0 

of doses 

0.0. 161441 + quinol 

5 

7 

21*8 

21*7 

1*62 

2*19 

1*95 

• Av. 1-8 

C.O. 161441 alone 

3 

8 

16*7 

19-3 

1-28 

1*79 

1*65 

0.0. 162398 4- quinol 

3 

7 

28-3 

17-7 

2-18 

1-56 

1*75] 

2*46 

■ Av. 2-1 

C.O. 162398 alone 

6 

7 

30-5 

23-3 

2-41 

2*5 

O.O. 1.62750 + quinol 

4 

8 

7-2 

15-3 

0*83 

1*28 

1*40 

1*131 

[ Av. M 

O.O. 1 62750 alone 

3 

7 

-2-7 

16*4 

0*53 

1*08; 


quinol. The difference in mean increase in weight of the groups of bucks re- 
ceiving oils 162398 and 162750 respectively was found to be significant, P (the 
probability that a correlation should arise by random sampling from an un- 
correlated population) being < 0 * 01 . When, however, the calculation was made 
not from the increase in weight of each rat, but from the doses corresponding 
to the individual increases in weight (found from Coward’s curve of response) 
P was >0-05 and <0-1. Therefore the difference indicated by the male rats is 
of doubtful significance. For the female rats P lies between 0-2 and 0-3 as 
calculated by the former method and by the latter method P is > 0*02 and < 0*05. 
The difference indicated by the female rats is therefore insignificant. The latter 
method must be accepted as the more accurate as the response (increase in 
weight) is proportional to the log of the dose given, not to the dose itself. When 
the results from both male and female rats are calculated as one result by the 
use of the abscissae of the curve only (not the increase in weight), P becomes 
very slightly less than 0 * 02 . Thus there is some indication that there is a 
difference between the two samples of coconut oil but these results cannot be 
considered to have proved it. 



II. The influence of the solvent on the vitamin A activity 

OF COD-LIVER OIL. 

When the early experiments indicated that the activity of carotene was 
influenced by the oil. in which it was dissolved, it appeared to be possible that 
the oil with which a sample of cod-liver oil was diluted for a test would influence 
the vitamin A activity of the cod-liver oil. This was investigated, using our 
cod-liver oil Z for the tests. 

A, Comparison of oils as diluents for cod-liver oil. 

The cod-liver oil, Z, was diluted so that the solution contained the daily 
dose of 1 mg. in 0*02 g. oil ( ±0*001 g.). Fresh dilutions -were made once a week 
during the test. The solvents tested were {a) hardened cotton-seed oil (the 
sample already used for the carotene experiments), (h) olive oil (sample bought 
in the open market) and (c) coconut oil (sample 161441 from B.B.H.). A simul- 
taneous test of 2 y carotene (International Standard) in the same sample of 
coconut oil was also made (Table Y). 

Thus coconut oil may enhance the apparent vitamin A value of cod-liver oil 
or, alternatively, hardened cotton-seed oil and olive oil may lessen the apparent 
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Table V. Comparison of (a) hardened cotton-seed oil, ( b ) olive oil and (c) coconut 
oil (161441) as diluents for cod-liver oil in a vitamin A test ; and also a simul- 
taneous test of the International Standard for vitamin A in coconut oil (161441). 

Abscissae of Coward’s Weighted 




No. of 
rats 

Mean increase 
in wt. in 

5 weeks 

g. 

curve of response 
corresponding to 
mean increase 
in wt. 

mean of 
abscissae, 

i.e. 

relative 

Dose 


, — A — ■ N 

, — 

—A ^ 

, A * 

potency 

(daily) 

Solvent 

a $ 

■A 

o 

$ 

a s 

of doses 

1 mg. cod- 
liver oil Z 

Hardened 
cotton-seed oil 

3 7 

1*0 

13*1 

0-62 1-06 

0-93 


Olive oil 

4 7 

12*5 

15*7 

1*06 1*32 

1-23 


Coconut oil 
(161441) 

5 -7 

17-8 

30-9 

1*35 4-73 

3-32 

2 y carotene 
(Int. St.) 

Coconut oil 
(161441) 

5 7 

37-6 

33-7 

3-33 5-99 

4*88 


vitamin A value of cod-liver oil. The significance of the difference between the 
results for olive oil and coconut oil is expressed by the value found for P, <0*01. 

A simultaneous test of the coconut oil (161441) on 6 rats 0*02 g. per day 
resulted in the death of five of the rats within 3-28 days. One rat was alive 
at the end of 5 weeks and had gained 15 g. Thus the coconut oil cannot be 
suspected of itself containing vitamin A. 


B. Estimation of the vitamin A potency of a sample of cod-liver oil ( Z ). 

(a) A test of a daily dose of 2y carotene (International Standard.) in the 


same sample of coconut oil (Table V) was made at the same time as the com- 
parison of different oils as solvents for cod-liver oil, in order to determine directly' 
the value of our cod-liver oil Z. It proved to be 1400 International Units per g. 

(b) At the time of the test summarised in Table III, a simultaneous test 
was made of cod-liver oil Z. The daily dose was 1 mg. dissolved in 0*02 ( + 0*001) g. 
araehis oil. Fresh dilutions were (as usual) made each week (Table VI). From 
this comparison, cod-liver oil Z was found to contain 1750 International Units 
vitamin A per g. TaHe VI. 


1. Estimation of the vitamin A content of cod-hver oil Z, the oil and the standard 
both dissolved in araehis oil. 

2. Comparison of the vitamin A activity of a sample of j3- carotene with that 
of the International Standard , both dissolved in coconut oil (161441). 


Mean increase 
in wt. in 


Abscissae of Coward’s Weighted 
curve of response mean of 
corresponding to abscissae, 
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rats 

5 weeks 

S* 

c \ 

mean 

in 
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■i.e. 

relative 

potency 

Dose 

Solvent 

<? $ 

<J 9 


0 

of doses 

1 mg. cod- 

Araehis oil 

5 5 

25-2 24-8 

1*82 

2*S4 

2*33 

liver oil Z 

2y carotene 

Araehis oil 

4 5 

33-5 23-6 

2*76 

2*56 

2-64 

(Inter. St.) 

ly carotene 
(Inter. St.) 

Coconut oil 
(161441) 

5 5 

25-0 12-6 

1*79 

1*00 

1*40 

1 y p- carotene 

Coconut oil 
(161441) 

5 5 

30-0 23-6 

2*36 

2*56 

2*44 
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There is no significant difference between the results (a) and ( b ). Thus the 
same estimate of the vitamin A potency of a sample of cod-liver oil was obtained 
by dissolving both oil and standard in either arachis oil or in coconut oil. 

G. Estimation of the vitamin A potency of a sample of )3 -carotene. 

Part of a sample of j8- carotene kindly supplied to the Medical Research 
Council by Prof. Karrer was compared with the International Standard for 
vitamin A, both samples of carotene being dissolved in coconut oil, distributed 
in ampoules and used for feeding as in the previous tests. The result may be 
seen in Table VI. The /3-carotene has about 175 % of the vitamin A potency 
of the International Standard. 

Discussion. 

Baumann and Steenhoek [1933] have examined the influence of various 
solvents on carotene with respect to changes in colour intensity of the solutions. 

By measuring spectrophotometricallv the intensity of E] s J nu 485 and 460 mp, 
they found that, among edible oils, refined cotton-seed oil was outstanding as a 
stabilising solvent for carotene; esters of lauric and sebacic acids alone were 
unsatisfactory, but with quinol were as effective as cotton-seed oil. Although 
reduced by exposure to light, air and high temperature, solutions of carotene in 
cotton- seed oil were not rendered more stable by exclusion of oxygen or presence 
of quinol or the antioxidant factor of wheat germ oil. Under the conditions usually 
obtaining during feeding tests, carotene in cotton-seed oil suffered 26 % loss 
in the first month. Baumann and Steenhoek recommend that the main supply 
of solution should never be removed from the ice-chest, but that a portion 
necessary for a week’s feeding only should he removed for the short time while 
doses are given to the animals. Actually this is the procedure that we have 
always followed in our feeding tests with carotene and vitamin concentrates. 

While we have confined our observations almost wholly to the biological 
activity of our solutions, our one physical comparison of different oils, hardened 
cotton-seed oil, ethyl lan rate and arachis oil, indicated that, after 11 weeks, there 
was very little difference in the intensities of yellow colour of the solutions, 
although, during that period, biological tests had shown the solution in arachis 
oil to be more active than either of the other two solutions. Moreover, exposure 
of the solutions to the air and warm temperature of the animal room for 
20-30 minutes daily for one week did not diminish the colour intensity of the 
solutions. Thus, while we have demonstrated biologically that different oils used 
in dissolving carotene for administration to the rats may influence greatly the 
activity of the carotene, our results with the physical measurements, so far as 
they go, do not indicate that the intensity of colour of the solutions can be 
taken as an indication of their vitamin A potency. 

Summary. 

I. ^The oil used for solution of the provisional International Standard for 
vitamin A may greatly influence its biological activity as shown in ordinary 
vitamin A tests. 

2-_ A solution of the Standard in arachis oil had 5-6 times the potency of 
solutions in hardened cotton-seed oil and ethyl laurate, though made of the 
same strengf.li, wjv. 

3. Solutions of equal strength of the Standard in one sample of arachis oil 
and in coconut oil (161441) had the same vitamin A potency. ' 
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r 4 * r . . ;.&{ 1 

4. Two samples of coconut oil gave solutions of the same potency. A third ■ 1 1 

sample appeared to give a solution of less potency but the result was not eon- [ j I 

elusive proof of a difference. . | 1 I 

5. The oil used to dilute cod-liver oil for dosing may have some influence f J 1 

on the vitamin A potency of cod-liver oil also. Cod-liver oil Z dissolved in ' ; I 

coconut oil ( 161441 ) was about three times as active as when dissolved in , , I 

hardened cotton-seed or olive oil. The coconut oil itself (161441) w r as shown to jig 

be without vitamin A activity. _ , § 

6. Wien cod-liver oil Z and the Standard were both dissolved in arachis oil 1 

for testing, the same estimate of the vitamin A content of oil Z was obtained ' 1 

as when both were dissolved in coconut oil. . j I 

7. An estimation of the vitamin A potency of a sample of /3-carotene showed ’ 1 

it to have about 175 % of the vitamin A potency of the International Standard. , 1 

8. The intensities of the yellow colour of different solutions of the Standard j 

did not correspond with the vitamin A activities of the solutions but this com- i 1 

parison was made in only one experiment. 1 1 

I, 1 

Jj ■ 
■ J | 
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CXXV. OBSERVATIONS ON THE CHEMISTRY 
OF LIVER GLYCOGEN. 
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The means of identification of glycogen at the investigator’s disposal are of 
necessity limited by the physical nature of the material ; indeed the identity of 
glycogens prepared from different sources has never been satisfactorily esta- 
blished. Cremer [1894] and Clautriau [1895] found values for the specific 
rotation of yeast glycogen of + 198-9 and 4-184*5° respectively. Harden and 
Young [1902: 1912] found values between 4-191 and 4-203° for glycogens pre- 
pared from oysters, rabbit-liver and yeast ; in addition, the colour developed with 
iodine varied in tint according to the source. Norris [1913] followed the course 
of hydrolysis of a number of specimens of glycogen by pig pancreatic amylase 
and observed that his materials were hydrolysed at different rates when the 
optimum j» H of the reaction was taken into consideration. 

The recent work of Donhoffer and Macleod [1932] has suggested that the 
glycogen in the livers of fasted rabbits may differ in its physiological behaviour 
from that in the livers of fed animals, and it is of interest to know whether this 
physiological differentiation is associated with a difference in chemical properties. 

We have therefore endeavoured by carefully controlled methods to determine 
satisfactory criteria for a standard type of glycogen derived from the livers of 
fed rabbits and then to apply our data to specimens obtained under some different 
physiological conditions and from various sources. This paper is concerned 
solely with glycogens obtained from livers. 

The criteria which we finally adopted were : 

(1) Specific rotation in water. 

(2) Reduction of the Hagedorn- Jensen ferri cyanide reagent. 

(3) Colour developed with dilute iodine solution, and opalescence of solution. 

(4) Ash content. 

(5) Polarimetric observations during the course of hydrolysis by dilute 

mineral acid. " * 

Glycogen from fed rabbits. 

Isolation, 

The methods available fall into two types, viz. those in which the glycogen 
is extracted from the tissues by water and those in which the tissues are com- 
pletely dissolved by strong alkali. Pfliiger [1904] and the earlier workers eon- 
eluded, with the methods then available, that glycogen was not affected by 
treatment with, hot 30 % KOH solution, but this has been recently questional; 
for example Haworth and Percival [1932] find that glycogen has a lower reducing 
poyer towards hypoiodite than they would infer from the properties of their 

1 Carnegie Teaching Fellow. = Beit Memorial Fellow. 



LIVER GLYCOGEN FROM VARIOUS SOURCES 


883 


postulated structural formula. They suggest that the reducing groups originally 
present in the glycogen molecules have been partly oxidised during treatment 
with strong alkali. We have therefore prepared, by methods of both types, 
i.e. aqueous extraction and alkali- extraction, a number of specimens of glycogen 
from the livers of fed rabbits, these specimens being subsequently subjected 
to examination under parallel conditions. 

“Aqueous extracted glycogen 55 was obtained by the following method, which 
was essentially similar to that described byCarruthers [1931]. The livers, removed 
whole from three to five decapitated animals, were immediately plunged into 
about twice their volume of boiling water and the whole was heated to boiling 
for 5 minutes during which time the tissue was chopped into small pieces. The 
solid was then ground with sand and boiled with the original liquors for 30 
minutes ; it was then strained off and twice re-extracted with boiling water for 
30 minutes. The united extracts were cooled, 40 % trichloroacetic acid solution 
was added until the final concentration was 4 % , and the whole was allowed to 
stand at 0 ° for 15-18 hours. The precipitated protein was centrifuged off and 
the glycogen precipitated by alcohol (2*5 vol.). The crude material was twice 
reprecipitated from water by alcohol in the presence of a little ammonium 
acetate as recommended by MacDowell [1927], when the glycogen separated 
as a pure white powder. 

The “alkali-extracted glycogen” was obtained by direct alcoholic precipita- 
tion of the alkaline tissue hydrolysate from the action of 30 % KOH solution 
for 3 hours at 100°, using 3 to 5 livers for each specimen. As before, the crude 
product was twice reprecipitated from w^ater by alcohol in the presence of 
ammonium acetate, but here the material invariably showed a faint brownish 
tinge. 

As a final process of purification all the specimens v T ere dialysed for 100 hours 
in running water in the presence of thymol. Dialysis was effected in collodion 
tubes prepared according to the directions of Wright et al. [1928]. The foregoing 
procedure yielded products which were nitrogen-free and did not reduce Fehling’s 
solution. 1 I 

In order to investigate the specific rotation, reducing power, etc., the material 
was dried over calcium chloride at 100°/0-1 mm. until constant weight was I 

attained. This required about 2 hours. No “ denaturation ” such as was observed 

by Say hun and Alsberg [1930] took place during the drying of our specimens. j| 


Table I. 



M2f 





c=0*5 

Reduction 

Specimen 

2 = 1-0 

(glucose = 

: 100) 

Alkali - extracted 





1 

+ 191-5° 


3*30^ 


2 

199*0 


0*24 


3 

191*0 


1*94 


4 

192*7 


0*08 


5 

193*5 


0*15 

Iodine coloration 



Mean 

1*14 

(deep brownish 

Water-extracted 




red) and opacities 

6 

192*7 


0*21 

were identical 

7 

191*0 


0*40 


8 

191*0 


0-37 


9 

194*1 


0*60 


10 

199*0 


0*27 


11 

195*8 


0*09 




Mean 

0*32, 
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Solutions in water, of concentration approximately 1-3 %, were prepared and 
portions diluted to 0*5 % for observations on rotation and reduction. 

The results are given in Table I. 

From the foregoing results it will be seen that the observed specific rotations 
of our specimens varied between the limits +191*0 and +199*0°, in both types 
of material. The alkali-extracted specimens showed considerable irregularity in 
reducing power, the average value being considerably greater than that of those 
prepared by aqueous extraction. 

Hydrolysis of liver glycogen by aqueous acid. 

The polarimetric behaviour on hydrolysis by aqueous acid was then in- 
vestigated. To suitable amounts of the 1*3 % solutions small quantities of con- 
centrated hydrochloric acid were added, sufficient to give a final concentration 
of 2*4 % HC1. The initial rotation was observed in a 1 dm. tube, and then the 
solution was heated at 100°. Observations were made at frequent intervals, 
using a 2 dm. tube; it was noticed that with both types of preparation the 
solution became clear after about 15 minutes, but while the solutions from the 
aqueous extracted material, when clear, were absolutely colourless, those of the 
alkali-extracted preparations showed a distinctly yellow tinge. On plotting 
rotation-time curves, a striking difference emerged between the curves derived 
from the two groups of specimens. Whereas the water- extracted material 
showed a perfectly regular and smooth curve in each case (Fig. 1), the alkali- 
extracted specimens, without exception, displayed varying, yet considerable, 
inflections during the first hour of hydrolysis (e.g. Fig. 2). 



Fig. 1 . Hydrolysis curve of specimen 8 (prepared by water process). 
Concentration of glycogen, 1-3 %. 

Fig. 2. Hydrolysis curve of specimen 2 (prepared by KOH process). 
Concentration of glycogen, 1*3 %. * 


The effect of further treatment with KOH. 

Specimens (3 to 10 inclusive (see Table I) were united and reprecipitated 
from water by alcohol to form specimen A.. Amounts of this material, and also 
quantities of specimens 2 and 3, were heated as 5 % solutions in 30 % KOH 
for 2 hours, precipitated and dialysed as before. 

A o change in iodine coloration or opacity could be detected and no loss in 
material occurred. The results are given in Table II. 
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Table II. 


Specimen 


[a]f,e=0-M = l 
Before KOh"* After KOH 


Reduction 

Before KOH After KOH 


2 4- 199*0 4-200-0 0-24 0-29 

3 191-0 198-4 1-90 0-46 

A 195-8 198-1 0-09 0-10 

No significant change had occurred in the specific rotation, while the reducing 
power was considerably diminished where it had been initially large (specimen 3). 

As before on hydrolysis by aqueous acid (2) and (3) showed marked inflection 
of the rotation- time curves, while (A), which had previously given a smooth 
hydrolysis curve, now exhibited an inflected one (Fig. 2). 


The effect of precipitation from water by acetic acid. 

Claude Bernard [1877] stated that glycogen could be precipitated from water 
by the addition of acetic acid, an observation which does not seem to have 
attracted the attention of later workers. 

We have found that glycogen is precipitated quantitatively in 80 % acetic 
acid, solution and have applied this to the estimation of glycogen in tissue, 
without, however, finding any particular advantage associated with its use in 
this connection. Nevertheless, precipitation with 80 % acetic acid provides an 
excellent means of freeing glycogen from the inorganic material with which it 
, is normally associated. Thus we have found that, employing this process, it is 

possible after four precipitations to obtain glycogen with an exceedingly small 
ash-content, and in some instances we have prepared ash-free specimens, without 
having recourse to elaborate methods of electro-dialysis, etc . Table III gives 
i some typical results : 

j Table III. 


[a]^° Ash content 

Reduction % 


Specimen 

Initial 

After pptn. 
by acetic 
acid 

Initial 

After 

pptn. 

A 

Initial 

After 

pptn. 

(KOH) 

2 

4-199-0° 

4-196-7° 

0*24 

0*11 

— 

0-195 

3 

191-0 

190-7 

1*90 

0*06 

— 

0-224 

P 

— 

196-9 

— 

0-09 

— 

0-090 

(Water) 

A 

195-8 

197*0 

0*09 

0*09 

0*036 

Nil 

11 

— 

196*5 

— 

0*09 

— 

Nil 


It will be apparent that this method of purification afforded a series of 
products displaying closely similar properties; indeed, bearing in mind the 
nature of glycogen and the difficulties ‘attendant on the determination of its 
constants, we feel justified in regarding our' purified specimens as consisting of a 
chemical individual. The small residual ash of the alkali-extracted specimens 
appeared to consist chiefly of silica, presumably introduced during the treatment 
with strong alkali in a glass vessel. 


The effect of ions on the specific rotation. 

Neither H nor OH ions, nor the presence of boric acid or borate, were found 
to affect the rotation of any of our specimens. 
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The presence of iron in glycogen . 

After wet-ashing with pure nitric acid minute traces of iron were detected 
in most of the purified specimens. In two instances, specimens 8 and 9, the 
thiocyanate test, which was employed throughout, gave negative results even 
before the materials had been purified by acetic acid. From this evidence we 
conclude that iron does not form an essential part of the glycogen complex. 

Aqueous acid hydrolysis of glycogen precipitated by acetic acid . 

Carrying out polarimetric observations as before, we found that, whether 
water- or alkali- extracted material was under investigation, in every case the 
rotation-time curves were identical and uninflected, of the type of Fig. I. This 
suggested that the inflections observed in the specimens which had been, at one 
time or another, treated with strong alkali, originated from the action of the 
latter substance on the ash soluble in acetic acid. To investigate this view, 
specimens purified by precipitation with acetic acid were subjected to the 
action of 30 % KOH as described earlier. On hydrolysis of these materials by 
aqueous acid no inflection could be detected in the rotation-time curves, thus 
confirming the above suggestion. 

The evidence thus afforded shows that, when free from acid-soluble ash, the 
rotation-time curves of glycogen obtained by both methods of extraction are 
identical. We are thus finally able to state that, in so far as we are able to 
determine, strong alkali does not produce any chemical alteration in the carbo- 
hydrate. 

Glycogen from fasted rabbits. 

The material was prepared by the aqueous extraction method and w r as 
obtained in a yield of 1*83 % of the initial liver weight. In Table IV details are 
given of the usual constants determined before and after precipitation from 
acetic acid solution. 

Table IV. 


Before After 

repreeipitation reprecipitation 

[a] 1 * 0 +189-0° +196-0° 

Reducing power 0-26 0*19 

Ash content % 0-66 0-13 

Iodine coloration Normal Normal 


On hydrolysis by aqueous acid the material yielded a smooth curve of the 
type of Fig. 1. These results are thus in no way significantly different from those 
obtained with the glycogen from fed animals. 

Bat-liver glycogen. 

The livers of fed rats were extracted with water by the method described in 
the section on rabbit-liver glycogen. The crude material was not examined but 
was purified by three precipitations from acetic acid (Table V). 

Table V. 

[a]f +196-0° 

Reducing power 0-08 

Ash content % 0-067 

Iodine coloration : identical with that given by rabbit-liver glycogen 
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This specimen of glycogen was indistinguishable from the polysaccharide 
obtauied from rabbit-liver, with the exception of a possible slightly greater 
opacity m aqueous solution. 

Fish-liver glycogen. 

Our material was obtained from fish of the genus Gadus, G. morrhm (cod), 
G. aeglefmus (haddock) and G. merlangus (whiting). The authors are indebted to 
Mr Janies Sharp, of the Torry Research Station of the Dept, of Scientific and 
Industrial Research, for a generous supply of crude material prepared from livers 
freshly removed from live fish in the following manner. The livers were digested 
with water at 70° and acetic acid added till the p H was 4-5. After standing for 
some time the aqueous layer was run off from the supernatant oil and concen- 
trated to small bulk, and the glycogen was precipitated by the addition of two 
volumes of 96 % alcohol. 

The crude material, as we obtained it, contained much oil and protein. It 
was therefore exhausted first with boiling spirit, then with carbon tetrachloride. 
The residue was extracted four times with boiling water, the extract cooled and 
saturated with picric acid [Pertree and Alsberg, 1929], The precipitated protein 
was centrifuged off and the yellow opalescent solution made up to 70 % alcohol 
by the addition of spirit. The precipitate was collected on a filter and washed with 
spirit till free from picric acid. It was then dissolved in water and treated with 
trichloroacetic acid as described above for rabbit-liver glycogen. 

Carrying out experiments under conditions parallel with those on the material 
from rabbit liver we obtained the results given in Table VI. 

Table VI. 

Initial After KOH After acetic acid 

0]/f +196-0° +194-2° +196-6° 

Reducing power 0-35 0-14 0-16 

Ash content % 0-127 0-147 0-028 

On hydrolysis by aqueous acid the material behaved exactly as the water- 
extracted material from rabbit-liver. The reducing power appeared to be 
slightly higher but we cannot yet say whether this is significant. ‘The coloration 
produced by iodine was, however, distinctly different, being a deep yellow-brown. 


Examination of the products of hydrolysis by aqueous acid. 


In order to determine the nature of the units composing the complex of 
fish-liver glycogen, we decided to employ the process of direct hydrolysis of the 
polysaccharide by aqueous acid, rather than the now customary procedure of 
treating the acetate with methyl alcoholic hydrogen chloride and examination 
of the resulting glucosides [cf. Irvine and Hirst, 1924]. The reason for this choice 
lay in the fact that the yield of acetate obtainable from our material under the 
mildest conditions [Haworth and Percival, 1932] did not exceed 90 %, thus 
leaving a not inconsiderable portion of the material unaccounted for. As will 
be seen our final yield of hydrolysis product consisted of pure glucose amounting 
to 93-6 % of the starting material. 

7*517 g. of purified glycogen were subjected to hydrolysis by 2*5 % aqueous 
hydrochloric acid. The rotation reached a constant value of +61*3° for the Hg 
green line after 5 hours. The acid was neutralised with silver carbonate, the solid 
removed by filtration and colloidal silver eliminated from the filtrate by treat- 
ment with hydrogen sulphide and norite. On evaporating the clear solution to 
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dryness in vacuo and drying to constant weight over P 2 O 5 J 7*818 g. of a light 
yellow glass were obtained, corresponding with a yield of hexose of 93*6 % of 

The crude material was dissolved in spirit) and concentrated to a thick syrup 
under reduced pressure at 50° ; the material then crystallised spontaneously . 
The whole was taken to dryness and recn^stallised from 92 % alcohol. Several 
crops of crystals, amounting to nearly 92 % of the crude material, were collected, 
all showing identical microscopic appearance (small prisms), m.p. 144-145°. 
Mixed melting-points with authentic a-glucose (m.p. 144-146°) showed no 
depression. The united crystals showed in water the typical mutarotation curve 

of oc-glucose. iii 

The mother-liquors were taken to dryness under reduced pressure; me 
residue again crystallised spontaneously, as before, in small prisms, contaminated 
by a slight trace of a yellowish syrup. The m.p. was 127°. The rotation in water 
was considerably lower than that of the pure crystals, but the course of the 
downward mutarotation was identical with that of glucose. This portion of the 
investigation is detailed in Table VII. 


Material 

a-Glucose 

Pure crystals (92 %) 
Residual material (8 %) 


Table VII. 


M.P. 

144-146° 

144-146° 

127° 


Specific rotation 


Initial 

(extrapolated) Pinal 

+ 110° +52-70° 

+ 110° +52-59° 

+ 77° +52-78° 


There is thus no evidence of any units other than anliydroglueose being 
concerned in the structure of glycogen from this source. 



Discussion. 

From the results of our experiments on the action of strong KOH on highly 
purified glycogen, prepared in the absence of alkali, we are of the opinion that 
the carbohydrate is not chemically affected by the treatment. Thus, the sug- 
gestion of Haworth and Percival [1932] that alkaline treatment might oxidise a 
proportion of the terminal reducing groups present in the glycogen chains is in 
no way substantiated. Indeed, it appears to us that if the suggestions of these 
workers were correct one would expect to find gluconic acid derivatives among 
the fission products of their trimethylgly cogen. 

The observations of previous workers have shown considerable variation in 
the properties of their preparations of glycogen. We believe that our method of 
purification, involving precipitation by acetic acid, affords specimens displaying 
properties as constant as might be expected to be shown by a substance of the 
physical nature of glycogen. The specific rotations agree closely with one 
another, the ash contents are low, or zero, when precautions are taken to exclude 
contamination by silica etc., and, in those specimens examined, the total phos- 
phorus contents were found to be of a low order. The results obtained by 
previous observers are compared with those of the present authors in Table VIII. 

The polarimetrie behaviour of our materials on hydrolysis by aqueous acid 
shows that this process proceeds evenly throughout, there being no evidence of 
“breaks,” which might be expected to occur if the reaction proceeded in different 
stages. The very closely agreeing figures which we obtained for these observations 
tend to support the view that our specimens consisted of the same individual 
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Table VIII. Liver glycogens. 

0 / 

, o 

TA 


0-032 

0*14 

0407 


substance. The dissimilarity in iodine colorations developed by mammalian 
and fish glycogens, although distinct, may not be associated with profound 
differences in chemical structure. 

Further work in this field is at present in progress. 

Summary. 

I*. Criteria for liver glycogen have been determined, viz. specific rotation, 
reducing power, ash content, coloration with iodine and polarimetric behaviour 
on hydrolysis by aqueous acid. 

2. Judged by these criteria, the liver glycogens from the following sources 
are not significantly different: fasted rabbits, fed rabbits, fed rats and fish of the 
genus Gadus. 

3. Glycogen may be obtained in a highly purified, ash-free state by precipita- 
tion from water by acetic acid. 

4. The chemical properties of highly purified glycogen are not altered by 

treatment with 30 % KOH at 100°. ' ~ J 

The authors desire to express their gratitude to Prof. J. J. R. Maeleod for his 
Interest and for the facilities which he provided for this work, and to Sir J. C. 
Irvine for his generous advice and criticism. Part of the expense of this in- 
vestigation was defrayed by a grant from the Government Grants Committee 
of the Royal Society to one of us. (F. G. Y.), for which we wish to record our 
thanks. 

REFERENCES. 

Bernard (1877). Le 9 ons sur le diabete, p. 303. (Bailliere, Paris.) 

Carruthers (1931). Chinese J. Physiol. 5, 85. 

Clautriau (1895). Mem. Cour. Acad. Boy. Belg. 53. 

Cremer (1894). Munch, med. Woch. 41, 525. 

Donhoffer and Maeleod (1932). Proc. Roy. Soc. Loud. B 110, 125. 

Gatin-Gruzewska (1904). PflilgePs Arch. 102, 569. 

Harden and Young (1902). J. Chem. Roc. 1224. 

(1912). J. Chem.. Soc. 1928. 

Haworth and Percival (1932). J. Chem. Soc. 2277. 

Hirst and Webb (1929). J. Chem. Soc. 2479. 

Irvine and Hirst (1924). J. Chem. Soc. 15. 

MacDowell (1927). Proc. Soc . Exp. Biol. Med. 25, 85. 

Norris (1913). Biochem. J. 7, 26. 

Pertree and Alsberg (1929). J. Biol. Chem. 82, 385. 

Pfliiger (1904). PflugePs Arch. 102, 305. 

Sayhun and Alsberg (1930). J. Biol. Chem. 89, 33. 

Wright, Herr and Paul (1928). J. Biol. Chem. 80, 571. 


Authors Source 

Gatin-Gruzewska [1904] Dog 
Harden and Young [1902] Rabbit 
Norris [1913] Rabbit 

» Bog 

Sayhun and Alsberg [1930] Rabbit 
Haworth et al. [1929] ?? (Kahlbaum) 

Present authors Rabbit (fed) 

» Rabbit (fasted) 

5 1 „ Rat 

„ Fish 


Method of 
purification 

16-18 pptns. from alkali 
Dialysis 

ft 

Precipitation 
Electrodialysis 
Pptn. by acetic acid 


CXXVL AN ELECTRIC FURNACE FOR MICRO- 
KJELDAHL DIGESTIONS AND 
SIMILAR PURPOSES. 




By SYDNEY JOHN FOLLEY. 

From the National Institute for Research in Dairying , 

University of Reading . 

(. Received March 24th , 1934.) 

In carrying out micro -analyses on blood involving Ivj eldahl and other incinera- 
tions the need for a suitable furnace was felt, and the apparatus described and 
illustrated in this note was therefore devised. Electrical heating was preferred 
to gas on account of its convenience and for another reason mentioned below. 

The frame is of angle iron screwed to a teak base. The flasks are supported 
at an angle of 45° on a perforated sheet of asbestos, their ends projecting for 
about l in. into openings cut in the lead pipe, A. A platform made from sheet 
asbestos supported by strips of angle iron carries two Ferranti 500 watt heating 
coils, which are held in place by the spring clips, C. Each coil serves to heat 
four flasks. The copper reflectors, D, shield the heating elements from draughts 
and greatly increase the available heat. The platform carrying the heaters is 
pivoted at the back, and the position of the heating coils relative to the flasks 
can be altered by raising or lowering the wing nuts, F. This arrangement affords 
a means of adjusting the rate of heating. 

The fume absorber, A, which slopes slightly from left to right (Fig. 1) is 
fixed to uprights of spring steel so that its position relative to the flasks can be 
adjusted by means of the wing nuts, H. 



The furnace can be safely used in a laboratory without a fume cupboard 
since when the lead pipe is connected to a good water pump and the unoccupied 
holes closed by lead slides no fumes escape into the atmosphere. 

If the digestion mixture contains an appreciable quantity of water, Kjeldahl 
flasks are often cracked by water which condenses in the lead pipe and runs 
down the outside of the flasks. This can be prevented by placing rubber washers 
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round the flasks at a suitable height so that the condensed liquid drips into the 
metal trough, J , which should be coated with an acid-resisting paint. 

In the author’s experience micro-Kjeldahl digestions proceed much more 
smoothly with an electrically heated than with a gas-heated furnace. This may 
be due to more even heating of the contents of the flasks in the former case. 
Using the apparatus described for the digestion of whole blood it has been 
found that when the heating is suitably regulated no bumping takes place. Even 
with whole milk, a notorious offender in this respect, the amount of bumping 
is quite insignificant. Moreover, a sample of powdered dried grass, kindly sub- 
mitted by Dr A. W. Greenhill of the Agricultural Research Station, Jealott’s Trill, 
Berks, in the digestion of which over gas flames excessive bumping had been 
experienced, was digested on this apparatus with no bumping whatever. 

i 

Summary. 

An electric furnace suitable for micro-Kjeldahl and similar incinerations is 
described. The use of an electric furnace provided with a means of regulating 
the heating eliminates bumping. 

I desire to thank N. Gruber for preparing the drawing and P. W. Batten 
for his assistance in building the furnace. 

The apparatus can be obtained from Messrs Callas Sons and May Ltd., 
65 Oxford St, Reading. 
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CXXVII. THE OXIDATION OF THE FATTY 
DIBASIC ACIDS AND OF LAEVULIC ACID 
BY HYDROGEN DIOXIDE IN PRESENCE 
OF A CUPRIC SALT. 

By ANNIE PHYLLIS PONSFORD and IDA SMEDLEY-MACLEAN . 

From the Biochemical Department , Lister Institute , London. "f 

(. Received May 1st , 1934.) 

Considerable quantities of the dibasic acids are formed in the laboratory 
when the higher fatty acids are oxidised by such reagents as alkaline perman- 
ganate or nitric acid"; and oxalic, succinic, adipic and suberic acids have been 
identified. It is however generally accepted that in vivo the path of the oxidation 
of the fatty acids does not proceed by way of the dibasic acids. "V erkade and Yan 
der Lee [1934] have however recently shown that when decanoic or undecanoie 
acid was taken hv mouth, the terminal methyl group was oxidised and the corre- 
sponding dibasic acid excreted in the urine. In the laboratory, oxidation of the 
higher fatty acids with hydrogen dioxide is the process which has been supposed 
most closely to resemble the normal process of oxidation in the body, and recent 
experiments [Smedley-MacLean and Pearce, 1934] on the oxidation of palmitic 
acid, in which this process was catalysed by the addition of a cupric salt, have 
shown that at 90° there is a rapid breakdown, the end-products being succinic, T 

carbonic and the volatile fatty acids. We therefore investigated the oxidation 
of the dibasic acids with the same reagents. These acids were found to be more 
readily attacked than the monobasic acids, so that even at 60° no glutaric or 
adipic acid and only 10 % suberic acid remained unchanged after I hour’s 
heating. When palmitic acid was oxidised by excess of hydrogen dioxide in the 
presence of copper, there was very little evidence of keto- oxidation : the main 
products were hydroxy-acids, and there was also evidence of a considerable 
amount of desaturation. With the dibasic acids, definite evidence was obtained 
of keto-oxidation : thus laevulic acid was formed from adipic acid, a small 
quantity of acetonylacetone from suberic acid, and acetone was isolated from 
the products of oxidation of glutaric acid. With suberic acid however there 
was definite evidence of hydroxylation, the a-hydroxy-derivative and a lactonic 
acid being isolated. _ r f 

From, all the acids investigated (laevulic, suberic, adipic and glutaric), 
succinic acid was isolated as an oxidation product, and as succinic acid is itself 
oxidised under the conditions of the experiment giving a considerable pro- 
portion of carbonic and other volatile acids, the succinic acid isolated in these 
oxidation experiments must represent only a proportion of that actually formed. 1 

No evidence of the formation of fumaric, malic or tartaric acid was obtained. 

The method of oxidation was that described by Smedley-MacLean and 
Pearce [1934], the volatile products being separated by steam -distillation. 

The proportion of dibasic acids oxidised by a quantity of hydrogen dioxide 
sufficient to give about 19 % more than the amount of oxygen necessary for the 
complete oxidation of the acid was considerably augmented by the addition of 
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a cupric salt to the mixture ; at the same time the proportion converted into 
carbonic and the lower fatty acids was much increased, the effect being most 
striking in the case of glutaric acid. 

It will be seen from the figures given in Table I for adipic acid that a large 
increase in the amount of the hydrogen dioxide in the reaction mixture produced 
very little further oxidation in the absence of the copper salt. This agrees with 
the" observation made by' Dakin [1908] on the oxidation of the monobasic 
. saturated fatty acids. Taking the percentage of the original acid converted into 
C0 2 and volatile acids as the criterion of the extent of oxidation, in the presence 
of the cupric salt, glutaric and adipic acids were more readily oxidised than 
succinic acid, both with a slight and with a large excess of the dioxide: in the 
latter case glutaric acid was almost completely converted into carbonic and the 
lower volatile fatty acids. A certain amount of carbonic acid was always given 
off during the steam -distillation of the product, markedly so in the case of 
glutaric andlaevulic acids, probably owing to the decomposition of some unstable 
intermediate substance. Very little formic acid was present. Acetone in small 
amount was detected in the neutral volatile distillate after oxidation of glutaric 
acid; since acetone is hardly attacked by hydrogen dioxide in the presence of 
a copper salt, it is probable that little of the glutaric acid had undergone /3-keto- 
oxidation. 

When adipic acid was treated with a large excess of the dioxide in the 
presence of copper, no unchanged adipic acid was detected in the ether extract, 
but from 10 to 13 % of the total carbon had been converted into succinic and 
laevulic acids in the proportion of roughly 9:1. The succinic acid was identi- 
fied by a mixed melting-point determination and the laevulic acid by the 
melting-point of its dinitrophenylhydrazone (200-202°), and a mixed melting- 
point with that of the same compound prepared from pure laevulic acid and 
melting at 202-204°. The formation of laevulic from adipic acid would be 
explained by oxidation at either the /?- or y- carbon atom, since in the dibasic 
adipic acid the j3- and y-derivatives are identical. 

From the oxidation product of laevulic acid itself, carried out under similar 
conditions, small quantities of succinic acid and of acetone were obtained. Since 
on oxidation under these conditions, laevulic gave considerably less succinic 
acid than did adipic acid, laevulic acid was probably not the only intermediate 
substance formed. Succinic acid would also be formed by oxidation of the tw r o 
ot-carbon atoms, or possibly of the a- and S-atoms, the a- and 8-positions in 
adipic acid being like the /?- and y-positions interchangeable. In the formation 
of succinic from glutaric acid, oxidation must have occurred at the oc-atom 
(identical with the S-position). The isolation of succinic acid from the higher 
dibasic acids in very much the same proportion is possibly due to a process of 
y-oxidation by which a molecule of this acid is separated. 

With a large excess of the dioxide, in the presence of a cupric salt at 60°, 
suberic and azelaic acids were less completely oxidised than the dibasic acids of 
lower molecular weight. 

Under the above conditions from 20 to 40 % of suberic acid was converted into 
carbonic and the lower volatile fatty acids. The first two litres of the steam- 
distillate were neutralised and again distilled, the neutral distillate being col- 
lected as long as it gave a precipitate with dinitrophenylhydrazine hydro- 
chloride solution. The first 200 ml. of this distillate were tested for acetaldehyde, 
and the subsequent distillate when treated with the reagent gave a hydrazone 
melting at 232-234° : this was very insoluble in most organic solvents but could 
be dissolved in glacial acetic acid and precipitated from this by water. 
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Microanalysis: (Found: 0,45-58: H, 3-72; N, 22-90 %. C 18 H 18 N 8 0 8 requires 
C, 45-57; H, 3*80; N, 23-62 %). It was therefore identified as the di-dinitro- 
phenylhy drazone of aeetonylacetone : this substance was then prepared and 
the identity of the products established by determination of a mixed melting- 
point. 

fifi - Oxidation must therefore have taken place and aeetonylacetone produced 
by elimination of C0 2 from the diketosuberic acid formed. 

COOH . CH a . CH a . CH a . CH 2 . CH 2 '. CH 2 . COOH -> COOH. CH 2 . CO . CH 2 . CH 2 . CO . CH 2 . COOH 

CH, . CO . CH 2 . CJHj . CO . CHo 

From the glacial acetic mother-liquors, a very small amount of a more 
r soluble hydrazone, melting unsharply at 100°, was obtained, but the quantity 

was too small for further investigation. In the preparation of the dinitrophenyi- 
hy drazone from aeetonylacetone, after the separation of the di-dinitrophenyi- 
hydrazone melting at 245°, a second hydrazone melting at 167° was separated 
from the glacial acetic mother-liquors. 

The products from four experiments in each of which 5 g. of suberic acid 
had been oxidised were worked up together and from these a total of 12-06 g. 
of an ether-soluble non-volatile acid product were obtained. This was neutralised 
with N NaOH, the equivalent of the acid being 86. 

No residue was obtained from the ethereal extract of the neutral solution. 
After acidification with hydro chloric acid, the bulk of the acids were removed 
by ether extraction, the aqueous solution evaporated to dryness and the residue 
extracted first with ether and then with absolute alcohol. 

The material soluble in ether was washed three times with chloroform, 
leaving 4-06 g. of an insoluble crystalline acid, giving both on titration and on 
analysis of the silver salt an equivalent of 71. By fractional crystallisation from 
water of similar material, two substances were separated: (1) less soluble 
crystals identified by a mixed melting-point with suberic acid, and (2) a readily 
soluble substance melting at 178° which did not depress the melting-point of 
pure succinic acid when added to it. The 4-06 g. of material insoluble in chloroform, 
which had an equivalent of 71, probably therefore consisted of approximately 
2-38 g. succinic and 1-68 g. unchanged suberic acid. About 10 % of the original 
suberic acid had remained unoxidised. 

The chloroform solution contained 4-84 g. of a yellow oil, of which 2-35 g. 
were soluble in benzene : the oily residue from the benzene solution on standing 
in an evacuated desiccator deposited colourless crystals of which 0-13 g., 
m.p. 109-111°, remained after draining on a porous tile. The equivalent of these 
determined by titration was 84 and by analysis of the silver salt 93. Similar 
crystals were obtained in another experiment but with an equivalent of 102 
^ (calculated from the decomposition of the silver salt). 

Analysis: (Found: C, 50*63; H, 6*60%. C 8 H 14 0 5 requires C, 50*52; H, 
7-37%. Equivalent, 95. C 8 H 12 0 5 requires C, 51-06; H, 6*33 %. Equivalent, 94). 

The solution of the sodium salt gave no precipitate with dinitrophenyl- 
hydrazine hydrochloride and did not decolorise potassium permanganate 
solution ; the melting-point of a specimen of a-hydroxysuberic acid (m.p. 1 10-1 12°) 
did not appear to be appreciably depressed by the addition of a small amount 
of the crystals now isolated, so that in spite of the low hydrogen percentage these 
i crystals may have consisted of a-hydroxysuberic acid. 

f The tile which had been used for draining these crystals was extracted with 

ether, and an oil sparingly soluble in light petroleum was obtained. Its equivalent 
determined by titration in the cold was 116: by warming with excess of Nj 2 
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NaOH and titrating the excess with N/2 H 2 S0 4 the equivalent was found to 
be 85. Decomposition of the moderately soluble silver salt gave an equivalent of 
86. The high equivalent obtained by titration in the cold suggested the presence 
of a certain amount of the lactone of a hydroxydibasic acid. 


% C % H Equivalent 

Microanalysis: Found 49*57 6*96 86 

Hydroxysuberic acid (C 8 H 14 0 5 ) 50*52 7-37 95 

Lactone of bydroxysuberic acid 55*82 6*98 172 

Hydroxypimelic acid (C 7 H 12 0 5 ) 47*73 6*82 88 

Lactone of hydroxypimelic acid 53*16 6*38 158 


A mixture of 2/3 hydroxypimelic and 1/3 of the corresponding lactone 
contains 49-54 % C, 6*67 % H and would have an equivalent of 111, which 
would diminish to 88 on opening the lactone ring. These figures agree fairly well 
with those actually found but we were unable to find any evidence of pimelic 
acid in the reduction product. Possibly the low carbon percentage was due to 
the admixture of succinic acid or other impurity with hydroxysuberic acid. 

0-227 g. of the oil was boiled for 3 hours with 5 ml. acetic anhydride, 2-5 g. 
hydriodic acid (sp. gr. 1-7) and 0-25 g. red phosphorus. The mixture was cooled 
and diluted: a tarry oil separated and the whole was evaporated nearly to 
dryness under reduced pressure. The black residue was dissolved in alcohol, 
excess of phosphorus filtered off and the dark brown filtrate boiled for 1-| hours 
with 6 g. zinc dust and 10 g. glacial acetic acid. The filtered solution was con- 
centrated to about 10 ml. and then considerably diluted, causing the separation 
of an oil, which was extracted by ether and saponified by boiling with 40 ml. 
5 % alcoholic potash for 1 hour. After diluting the product with water, ether 
extraction yielded about 0-06 g. of a white crystalline neutral substance melting 
at 57-58° when re crystallised from benzene and alcohol. This was slightly soluble 
in -water the solution giving traces of a precipitate with a solution of dinitro- 
phenylhvdrazine hydrochloride and a slight silver mirror with ammoniacal silver 
1,1 libx 8/tj 0 

Microanalysis: (Found: C, 76*57; H, 12*86%. C 10 H 20 O requires C, 76*93; 
H, 12*82 % . C 9 H 18 0 requires C, 76*05; H, 12*68 %). No further evidence as to 
its constitution was obtained. 

After acidifying the alkaline aqueous solution, ether extraction yielded about 
0-12 g. of a white crystalline acid which after recrystallisation melted at 106- 
108° and dissolved in water to the extent of less than 1 % , thus resembling in 
its properties the a-hydroxy suberic acid, crystals of which had originally been 
separated from this oily product: pimelic acid melts at 103° and is about 5 % 
soluble in water; the melting-point of suberic acid is 139-140° and its solubility 
less than 1 % . 

On the -whole the evidence points to hydroxylation of the suberic acid having 
taken place in the a- and y-positions. 

From the chloroform solution 2*04 g. of an oil insoluble in benzene w T ere obtained 
which after standing for some time in an evacuated desiccator deposited 0*64 g. 
colourless crystals. These were separated on a porous tile and recrystallised from 
benzene: they melted at 130-131° and their equivalent determined by titration 
in the cold was 102, by analysis of the white silver salt, which was comparatively 
stable to light, 99. A solution of the sodium salt gave no hydrazone when 
treated with a solution of dinitrophenylhydrazine hydrochloride and did not 
decolorise a solution of potassium permanganate, so that the presence of a 
saturated hydroxy-acid was inferred. 
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Mieroanalysis of the silver salt: (Found: Ag, 52*11; C, 24*22; H, 2*70%. 
C 8 H 12 0 5 Ag 2 requires Ag, 53*46; C, 23*76; H, 2*97 %). 

The percentage of silver was estimated from the weight of the residue in 
the boat after combustion. The melting-point was considerably higher than 
that of a-hydroxysuberic acid and since there was no evidence of lactone 
formation, the presence of y-hydroxj^suberic acid could be excluded. /3-Hydroxy- 
suberic acid, not hitherto described, may therefore have been present. 

The oil from which these crystals had been separated contained 44*54 % C 
and 6*66 % H : the equivalent by titration was 98, by analysis of the silver salt 94 : 
C 7 H 12 0 6 requires 43*75 %C; 6*25 %H; equivalent, 103. A dihydroxypimelic 
acid may therefore have formed the bulk of the oil. 

On adding a solution of its sodium salt to a solution of dinifcrophenvlhydra- 
zine hydrochloride, a very small amount of a precipitate, m.p. 85-90°, formed. 

Microanalysis: (Found: 0, 45*66; H, 4*01; N, 16*01 %. C 14 B 16 0gN 4 (the 
dinitrophenylhydrazone of ketosuberic acid) requires C, 45*65; H, 4*35; N, 
15*22 %) ; traces of a ketosuberic acid were therefore present in the oil. 

The residue of the original oxidation product, which was insoluble in ether, 
was extracted with alcohol : most of this extract was soluble in water and con- 
sisted of a gummy substance which only very slowly reached constant weight 
and the nature of which was not determined. 

The small amount of water-insoluble residue dissolved readily in alcohol 
and yielded a low-melting dark brown substance the constitution of which was 
not determined. 

Summary. 

1 . Laevulic acid and the dibasic acids, succinic, glutaric, adipic, suberic and 
azelaic, were readily oxidised at 60° by hydrogen dioxide in the presence of a 
cupric salt, a considerable proportion being broken down to carbonic and the 
lower volatile fatty acids. 

2. Succinic acid was identified as a product of oxidation of glutaric, adipic, 
suberic and laevulic acids. 

3. Azelaic and suberic acids were less completely broken down than the 
lower acids. 

4. From glutaric acid, a small amount of acetone was isolated, showing 
that /3-keto - oxidation had taken place. 

5. From both glutaric and laevulic acids, considerable amounts of C0 2 were 
obtained during the steam -distillation of the oxidation product, pointing to the 
presence of an unstable intermediate product. 

6. From adipic acid, laevulic acid was obtained in appreciable amount, 
showing that /3-keto- oxidation had taken place. 

7. Only in the case of suberic acid was definite evidence forthcoming of the 
presence of hydroxy- derivatives. The evidence available pointed to the presence 
of a- and y-hydroxysuberic acids and possibly of the /3-hvdroxy- derivative . The 
presence of hydroxy- derivatives of pimelic acid as intermediate products could 
not be excluded. The identification of a very small amount of acetonylacefcone 
showed that some /3/3-keto-oxidation had taken place. The occurrence of a 
monoketosuberic acid and possibly of other keto-derivatives was also Indicated. 
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CXXVIII. STUDIES ON REVERSIBLE 
DEHYDROGENASE SYSTEMS. 

L THE REVERSIBILITY OF THE HYDROGENASE 
SYSTEM OF BACT . COLI \ 

By DAVID EZRA GREEN and 
LEONARD HUBERT STICKLAND 2 . 

From the Biochemical Laboratory , Cambridge. 

(. Received May 1st , 1934.) 

Stephenson and Stickland [1931] described an enzyme in various bacteria 
which could catalyse the reduction of oxygen, methylene blue, nitrate, sulphate 
or fumarate by molecular hydrogen. Consideration of this catalysis discloses a 
striking resemblance between hydrogenase and platinum black. Both the 
enzyme and the heavy metal catalyse the reaction 

H 2 ^2H^r2H‘ + 2€. 

In the presence of platinum black, this reaction proceeds reversibly (cf. the use 
of platinised platinum electrodes for the measurement of p H ). The experiments 
which follow show that the same equilibrium point between molecular and 
ionic hydrogen is reached in the presence of Bad. coli as in the presence of 
platinum black. 

Experimental methods. 

Bad. coli was grown in Roux bottles on a broth agar in the usual fashion. 
After two washings by centrifuging, the thick mass of bacteria was treated 
with saturated toluene water at room temperature for 15 minutes. This treatment 
sufficed to eliminate completely all endogenous reducing power. 

The equilibrium between H 2 and H* was measured with methylviologen 
(dimethybyy ' -dipyridylium chloride), an indicator which lies in the range of the 
hydrogen electrode between p IL 7 and 9. The indicator was prepared according 
to the directions of Michaelis and Hill [1933], and the recrystallised chloride 
gave theoretical figures on elementary analysis. 

The equilibrium potential was measured both colorimetrically and electro- 
metrically. The colorimetric technique consisted essentially in setting up 
Thunberg tubes each containing buffer, bacterial suspension and methylviologen. 
The tubes were evacuated thoroughly and filled with oxygen-free hydrogen at a 
definite partial pressure according to the method of Stephenson and Stickland 
[1931]. Since the reaction proceeds very rapidly at 40°, the tubes were incubated 
at that temperature for an hour with frequent vigorous shaking. Then the 
temperature was lowered to 30° for the final measurements, at least 2 hours 
being allowed for equilibrium to be reached. For estimation of the degree of 
reduction a set of standards was prepared containing various fractions of the 

1 A preliminary note has already appeared in Nature (1934), 133, 573. 
a Beit Memorial Research Fellow. 
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j total amount of indicator solution used in the experimental tubes. Both the 

f total volume of fluid and the volume of bacterial suspension were the same in 

all the standard and experimental tubes. Reduction of the indicator in the 
standards was effected by adding a few crystals of sodium hydrosulphite and 
an excess of solid sodium carbonate. 

The electrode vessels for the electrometric measurement of the equilibrium 
were constructed according to the design of Borsook and Schott [1931] . The only 
technical difficulty was the preparation of an agar bridge which could withstand 
a vacuum. By elimination of undissolved particles and air bubbles from the 
molten agar, bridges could be made to withstand a pressure of one atmosphere 
for the duration of several days, but the reliability rarely extended beyond the 
first few experiments. 

The setting up of the experiment in the electrode vessel was identical with 
that described for the colorimetric experiments. Six electrode tubes were 
mounted on a special rack in an air-thermostat maintained at 30°. This rack 
permitted of vigorous shaking of the tubes. All the six tubes dipped into a large 
■beaker of saturated potassium chloride which made contact with a reference 
saturated calomel electrode. 

The potentiometry is described in detail in a paper by Green [1933]. The 
presence of the bacteria renders the potential recorded at the electrode somewhat 
unsteady, and readings of the potentiometer can at best be correct to about 1 
millivolt. 

The p H of the buffer solutions used was measured by the quinhydrone and 
hydrogen electrodes. The buffers were made up to a concentration of M/5, and 
the final of the bacterial suspension was assumed to be identical with that of 
the buffer alone. 

Experimental results. 

If Bad. coli and colloidal palladium are equivalent as catalysts, then for the 
same and partial pressure of hydrogen the extent of reduction of methyl- 
viologen should be the same whichever catalyst is used. Table I summarises the 
results of this comparison. One set of Thunberg tubes contained 2 ml. of M /5 
buffer, 0*5 ml. of Jf/1000 methylviologen and 1 ml. of bacterial suspension. A 
duplicate set was prepared in the same way except that the bacterial suspension 
had been previously heated to 100° for 15 minutes to inactivate the hydrogenase 
completely, and a drop of colloidal palladium suspension had been added. It is 

Table I. 


Degree of reduction (%) 



Pressure of H 2 

Bad. coli 

Palladium 

Ph 

(mm. of Hg) 

as catalyst 

as catalyst 

7*32 

498 

29 

28 

7*32 

200 

24 

22 

7*83 

199 

37 

37 

7*83 

81 

26 

27 

8*33 

80 

51 

51 

8*33 

29 

37 

40 

8*96 

30 

56 

56 

8*96 

10*5 

45 

45 


clear that the equilibrium -point is identical in the two sets of tubes. These 
measurements represent the average of comparisons carried out by two inde- 
pendent observers, and with the exception of one reading the two sets of values 
agreed to within 5 % . 
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If the potentials corresponding to the observed degree of reduction m 
Table I are calculated from the E 0 of the indicator, a uniform discrepancy of 
, , 9rt millivolts is found between the observed and theoretical potentials for 

the system H,^2H' + 2e. This can only mean that the assumption of Michaelis 
and Hill [1933] that the E 0 of methylviologen (-0-446 v.) is mdependen o p H 
does not hold below p H Q Actually the measurements of these authors were 
confined to fairly alkaline values, and then value for the neutial range is 
shm!lv an extrapolation. One of us (D. E. G.) has noticed a similar discrepancy 
between the colorimetric and potentiometric values for the xanthine oxidase 

potentiometric otthe 

equilibrium H, — 2H>2 e in presence of Bad. coll and methylviologen, with 


Table II. 


P H 
7-02 
7-71 
7*71 

7- 71 

8 - 12 
8*12 
8*12 
8-12 
8*12 
8*23 
8*23 
9*10 


Pressure of EL 

r 

(mm. of Hg) 

Observed 

600 

-0*401 

100 

-0*433 

306 

-0*448 

428 

- 0*455 

49 

-0*452 

109 

-0*463 

161 

-0*470 

237 

-0*477 

59S 

-0*489 

105 

-0*464 

138 

-0*475 

20 

-0*484 


Potential (volts) 

Theoretical 

Difference 

-0*408 

+ 0*007 

-0*439 

+ 0*006 

-0*453 

+0*005 

-0*458 

+ 0*003 

-0*455 

+ 0*003 

-0*464 

+ 0*001 

-0*470 

0*000 

-0*475 

-0*002 

-0*487 

-0*002 

-0*470 

+ 0*006 

-0*473 

-0*002 

-0*487 

+ 0*003 


variation of the hydrogen and hydrogen ion concentrations. The remarkable 
agreement between the observed values of the potential and those calculated 
from the hydrogen electrode equation 


- RT RT % p 

Eh — w Pk of be 2 5 


gives adequate proof that hydrogenase functions as ; 
increases the rate of attainment of the equilibrium 
equilibrium-point . 

SUMMABY. 


perfect catalyst, ?*.©. it 
but does not alter the 


Bad. coli has been shown to catalyse the reaction 

Ho^2H‘ + 2€ 

in a completely reversible way. The hydrogenase system is the most negative 
reversible oxidation-reduction system as vet described in livmg ceils. 


REFERENCES. 

Borsook and Schott (1931). J. Biol. Oliem. 92, 535. 
Green (1933). Biochem. J. 27, 1044. 

Michaelis and Hill (1933). J. Gen. Physiol. 16, 859. 
Stephenson and Stickland (1931). Biochem. J. 25. 205. 


CXXIX. THE ACTION OF INHIBITORS ON THE 
CATECHOL OXIDASE OF POTATOES. 


By DEREK RICHTER. 

From the Biochemical Laboratory , Cambridge. . 

{Received April 11th, 1934.) 

Attempts have been made to classify the phenolases into groups such as the 
catechol oxidases , tyrosinases, and laccases [Raper, 1928], but the classification 
is made difficult by the lack of satisfactory methods of characterising the 
enzymes [Onslow and Robinson, 1928]. 

The present work was undertaken with the object of testing whether the 
catechol oxidases of different origin behave similarly towards inhibitors, or 
whether they show any marked differences of behaviour which might be used 
as a further guide in classifying these enzymes. 

Catechol oxidases are found widely distributed in plants, fungi and insects. 
In the animal kingdom, a phenolase specific for 3 : 4-dihydroxy phenylalanine 
(“ Dopa oxidase ”) and a phenolase of horse’s heart muscle [Wieland and Lawson, 
1931] have been investigated. Other systems effecting the oxidation of adre- 
naline and phenolases present in melaniferous tumours have been described. 
Summaries of the literature are given by Raper [1928], Onslow and Robinson 
[1928], Hizume [1924] and Oppenheimer and Kuhn [1931]. 

Resorcinol was chosen as a suitable inhibitor, since preliminary experiments 
with the catechol oxidase of potatoes showed that the inhibition with resorcinol 
appeared to be of a simple competitive type, as it could be reduced by increasing 
the substrate concentration. 

Experimental. 

Cathechol oxidase of potatoes. The catechol oxidase of potatoes (called tyro- 
sinase by Raper [1928]) was prepared bj^ the method of Szent-Gyorgyi [Keilin, 
1928] and was further purified by adsorption on aluminium phosphate at p H 6 
and elution with phosphate buffer at 8. The aluminium phosphate [Tsuchi- 
hashi, 1923] was added to the enzyme solution until most of the enzyme was 
l ■ adsorbed. (This was shown by centrifuging off a small sample of the clear 

| solution and testing for catechol oxidase by shaking in a test-tube with a few 

I drops of 2 % catechol.) After adsorption, the aluminium phosphate was centri- 

fuged off and washed twice with distilled water, and the enzyme was eluted by 
adding disodium hydrogen phosphate solution until the mixture was at p H 8. 
About 50 % of the enzyme was lost in the process of adsorption, but the 
resulting preparation, which was nearly colourless, appeared to be very pure, 
and could be kept for several weeks in the ice-chest without any considerable 
loss of activity. 

This preparation brought about a very rapid oxidation of catechol and its 
derivatives, but the system was found to be unsuitable for making kinetic 
measurements as the reaction came to a standstill after the first few minutes 
owing to the inhibition of the system by one of the reaction products (Fig. 1). 

* 

! 


Oxygen uptake (pi). 
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This auto-inhibition was probably due to the o-quinone formed in the reaction 
C 6 H 4 (0H) 2 + 0 2 ->C 6 H 4 0 2 + H 2 0 2 

since it was greatly reduced by adding to the system substances such as aniline 
or o - plieny lenediamine which readily combine with o-quinones. Other substances 
found to be effective in decreasing the auto -inhibition were m- and p-plienylene- 
diamine, glycine and alanine (Fig. 1). 

For the purpose of making kinetic measurements with inhibitors Mj 20 aniline 
was therefore added to the system, which in the presence of M/125 catechol, 
and Jf/50 phosphate buffer p H 6*8, gave a regular and reproducible reaction 
velocity. The anilinoquinone formed during the reaction separated out as a red 
precipitate. 

Enzyme strength. As an arbitrary unit of the enzyme strength the amount 
of enzyme was chosen which in the presence of M/125 catechol, M/5 0 phosphate 
buffer p H 6*8, and M/20 aniline (total volume 5 ml.) gave an oxygen uptake of 
100 jjlI. in 10 minutes when shaken in air in a Barcroft apparatus at 20°. This 
enzyme unit is referred to as Catechol Unit or c.tj. throughout the text. 



Tig. 1. Fig. 2. 

Fig. 1. In each experiment Mj 125 catechol, If/150 phosphate buffer p H 6-8, and 0-9 C.ir. potato 
catechol oxidase. Total volume 5 ml. Temperature 20°. 1. No addition. 2. If /10 glycine. 

3. If /20 aniline. 4. 0-4 % o-phenyleiiediamine. 

Fig. 2. In each experiment If/125 catechol, If/5 0 phosphate buffer p H 6-8, Mj 20 aniline. Total 
volume 5 ml. Temperature 20°. 1. Poly porus hispidus. 2. Tenebrio molitor. 3. Potato. 

4. Agaricus campestris. 5. Sambucus nigra . 6. Syringa vulgaris . 

Inhibition by resorcinol. 

The enzyme preparations used for comparison were prepared by the alcohol 
extraction method of Onslow and Robinson [1928] from fresh specimens of 
Syringa vulgaris (lilac), Sambucus nigra (elder), Agaricus campestris (mushroom), 
and Polypoms hispidus . The preparation from Tenebrio molitor (mealworm) was 
purified by repeated precipitation with alcohol and dialysis. 

The enzymes were all used at approximately the same strength (0*3 c.xx./mh) 
under the conditions described for determining the enzyme strength of the 
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potato catechol oxidase, and the oxygen uptake in the presence of a series of 
concentrations of resorcinol was measured. The oxygen absorbed between the 
third and the thirteenth minutes was taken for comparison. The oxygen 
uptake plotted against the inhibitor concentration gave the curves shown in 
Fig. 2. 

The inhibition curves obtained in this way appeared to depend very 
little on the degree of purity of the enzyme, since the curves obtained 
with crude potato juice agreed closely with the curves for the highly purified 
enzyme. 

It can be seen at once from the curves (Fig. 2) that the catechol oxidases 
from different sources are not identical, but show marked specific differences in 
their behaviour. It is noticeable that the curves for Syringa vulgaris and 
Sambucus nigra, neither of which contains tyrosinase, lie together. While the 
usual methods of characterising enzymes, such as the measurement of p R 
optimum or therxnolability, must depend largely on the nature of the accom- 
panying colloids, the characteristic selective inhibition of the phenolases by an 
inhibitor such as resorcinol probably depends more on the specific nature of the 
active centres of the enzymes. 

Other inhibitors . 

Apart from the inhibition by H 2 S and HCN described by Keilin [1928] the 
catechol oxidase of potatoes is comparatively resistant towards narcotics and 
the usual enzyme poisons. The action of a number of substances was investigated 
by measuring the oxygen uptake of the potato enzyme at p R 8 and 20° in their 
presence. 

Of these substances phloroglucinol, p-nitrophenol, a-naphthol, dimethyl- 
aniline, thiolacetic acid, cysteine, salicylaldehyde and benzyl alcohol acted 
as inhibitors, while the following substances had little or no effect : urethane, 
methylur ethane, methyl, ethyl, amyl and octyl alcohols, glycerol, glucose, 
pyridine, piperidine, diethylamine, urea, o-cresol, salicylic acid, p-quinone, quin- 
hydrone, guaiacol, phenolphthalein, formaldehyde, acetaldehyde, phenylglyoxal, 
diacetyl, vanillin, sodium cholate, sodium n-hexanoate, sodium w-octanoate, 
fluorescein, haematin, p-rosaniline, methylene blue, picric acid, sodium pyro- 
phosphate, uric acid, amygdalin, benzonitrile and quinine sulphate. The sub- 
stances tested were brought to p H 8 by addition of dilute sulphuric acid or 
sodium hydroxide before being tested. 

It was observed that the addition of glycine or aniline to the system reduced 
the inhibition benzyl alcohol, resorcinol and phloroglucinol, but this pheno- 
menon was not further investigated. 


Secondary oxidation of o -phenylenediamme . 

It has been shown qualitatively that the o-quinones formed by the oxidation 
of catechol derivatives can effect the secondary oxidation of gum guaiacum, the 
“Nadi Reagent 55 and certain amino-acids [Szent-Gyorgyi, 1925]. 

o-Phenylenediamine was found to be oxidised in a similar manner, and some- 
experiments were carried out to show the concentration of catechol derivative 
required for the reaction to take place. 

Jf/125 o-phenylenediamine (freshly recrystallised) underwent no measurable 
oxidation on shaking for 8 hours with the potato catechol oxidase at p H 6*8. 
On the addition of 0*02 mg./ml. of adrenaline or dihydroxyphenylalanine to 
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the system, an easily measurable absorption of oxygen took place, and the 
solution darkened in colour owing to the oxidation of the o-phenylenediamine 
(Fig. 3). 



Minutes 


Mg. 3. In each experiment Mj 125 o-phenylenediamine, M/50 phosphate buffer 6*8, and 
0*54 cut. potato catechol oxidase. Total volume 5 ml. Temperature 20°. 1. 0*02 mg. /ml. 
adrenaline. 2. 0*1 mg. /'ml. adrenaline. 3. 0*06 mg. /ml. dihydroxy phenylalanine. 4. 0*2 mg./ 
ml. dihydroxyphenylalanine (dihydroxyphenylalanine in 4 added after 54 minutes). 

Secondary oxidation of thiolacetic acid , 

Since — SH compounds are known to be present in tissues which contain the 
catechol oxidase, it seemed probable that this system would be able to bring 
about the secondary oxidation of — SH compounds to the disulphides. 

Attempts to demonstrate this oxidation by adding a solution of thiolacetic 
acid were unsuccessful, since the catechol oxidase w r as almost completely in- 
hibited by — SH compounds. The — SH concentration was therefore reduced by 
adding to the system an aldehyde such as formaldehyde, with which — SH com- 
pounds form dissociable complexes [Pirie and Pinhey, 1929] : 

R . CHO + R' . SH R . CH( OH) . SR' 

It was found that the addition of formaldehyde greatly reduced the inhi- 
bition of the catechol oxidase and allowed a rapid oxidation of the thiolacetic 
acid to take place. The following figures give the results of four experiments 
at 20°. Total volume 5 ml. in each experiment. 


| Enzyme, 14*6 c.xr./ml. (ml.) 

Mj 10 phosphate buffer, p H 6*0 (ml.) 



0*3 

0*3 

0*3 

1 

1 

1 

1 

1 MjoO Na thiolacetate (ml.) 

30 % formaldehyde (ml.) 

1*5 

1*5 

1*5 

1*5 

0*3 

0*3 



0*3 

Mjo catechol (ml.) 

0*2 

— 

0*2 

0*2 

Time of experiment (mins.) 

240 

164 

270 

120 

Oxygen absorbed, /A. 

0 

0 

94 

343 

Thiolacetate (N / 50 iodine) 

1*5 

1-5 

1*0 

0*1 


The catechol and formaldehyde present interfered with the direct iodimetric 
•estimation of the thiolacetic acid at the end of the exper im ent. The procedure 
adopted was to precipitate the thiolacetic acid with lead acetate at 5, 
centrifuge off and wash the precipitate with water. On treating with potassium 
iodide and sulphuric acid, the precipitate was decomposed. The lead iodide was 
centrifuged oh and washed, and the thiolacetic acid in solution was titrated 
directly with N/5 0 iodine. 
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Oxidation of monohydric phenols . 

In addition to effecting the oxidation of catechol derivatives, preparations 
of the catechol oxidase of potatoes also bring about the oxidation of monohydric 
phenols, such as p-cresol, m-cresol, phenol and tyrosine. The reaction is specific, 
since phenols such as guaiacol, o-cresol, salicylic acid, thymol, a-naphthol and 
in general those phenols which on oxidation are likely to give quinol derivatives 
rather than catechol derivatives, are not attacked [Onslow and Robinson, 1925 ; 
1926; 1928; Pugh and Raper, 1927]. 

Raper [1928] and Pugh [1930] hold the view that one enzyme only is involved 
hi the oxidation both of catechol derivatives and of monohydric phenols. 

Onslow and Robinson [1928] observed that the rate of oxidation of mono- 
hydric phenols was greatly increased by the addition of a catechol derivative. 

i They concluded that the oxidation of the monohydric phenols is a secondary 
oxidation, effected by a reaction product of the catechol oxidase system. In her 
earlier papers Onslow concluded that the intermediate substance which oxidises 
the monohydric phenol is an organic peroxide, but later she held that it might 
be either hydrogen peroxide or an o-quinone. She assumed that a second enzyme 
might catalyse the secondary oxidation of the monohydric phenols. 

Pugh [1929] has shown that the addition of a trace of a catechol derivative 
or of an o-quinone also accelerates the rate of oxidation of monohydric phenols 
with the phenolase preparation from mealworms, but she does not accept Onslow 
and Robinson’s explanation as to the mechanism. She has also shown that the 
oxidation of monohydric phenols is accelerated by the addition of a trace of 
hydrogen peroxide, but this might be due to the formation of o-quinone by 
the partial oxidation of the monohydric phenol by the hydrogen peroxide, 
catalysed by peroxidase present in the enzyme preparation. 

1 Onslow and Robinson [1928] claimed that they had effected a partial separa- 

tion of the system into two enzymes, but this was disputed by Pugh [1930]. 

Acceleration by catechol derivatives. In the present work Onslow and 
Robinson’s colorimetric experiments on the effect of catechol derivatives on 
the oxidation of monohydric phenols have been confirmed and extended by 
quantitative measurements of the oxygen uptake, using the phenolase system 
of the potato. p-Cresol was used as a substrate in preference to tyrosine, in 
which the initial oxidation is followed by a series of reactions connected with 
the amino -acid grouping, which introduces an unnecessary complication. 

The oxidation of p-cresol in the presence of crude potato juice was very 
rapid and showed a regular oxygen uptake. With the purified enzyme, on the 
other hand, the rate of oxidation was initially very slow, but increased auto- 
catalytically to a high value (Fig. 4). 

The initiation of the reaction was strongly accelerated by the addition of 
boiled potato juice, or of a trace of a catechol derivative (potato juice contains 
catechol derivatives) such as adrenaline, dihydroxyphenylalanine or catechol. 
The acceleration produced by even 0-4 mg. /litre adrenaline could be measured. 

As a possible explanation of the action of catechol derivatives Onslow and 
Robinson suggested that the hydrogen peroxide formed by their oxidation might 
cause the secondary oxidation of the monohydric phenols : 

Catechol derivative + 0 2 -f (catechol oxidase) -a- o-quinone +• H 2 0 2 I. 

H 2 0 2 + monohydric phenol + (peroxidase) catechol derivative + H 2 Q IX. 

On this view the oxidation of the monohydric phenol by hydrogen peroxide 
■would be catalysed by peroxidase present in the enzyme preparation and would 
l 58—2 
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give rise to a catechol derivative which would in turn be oxidised by the catechol 
oxidase. The process would be continuous and might be regarded as a type of 
chain reaction. 



Pig. 4. In each experiment 114/125 p-cresol, 31/50 phosphate buffer 6-8, and 2-4 cu 
f rfumT/T-r J^^l^lume 5 mi Temperature 20°. 1. No addition 3 2. M/250 glycine. 
3. 0 4 mg./litre adrenaline. 4. 0-5 ml. boiled potato juice. 3. 8 mg./litre adrenaline. 


Against this view it was observed that the specimens of potato catechol 
oxidase purified by adsorption were almost free from peroxidase. On testing 
or peroxidase with gum guaiacum and hydrogen peroxide the enzyme solution 
gave only a faint blue coloration after standing for 10 minutes. 

t was further observed that the addition of 0-3 % sodium pyrophosphate 
or saturation with pyrroie, which very strongly inhibit vegetable peroxidase 
L-biinott, 1932J, had no appreciable effect on the rate of oxidation of n-eresol. 
1 must be concluded that in the oxidation of monohydric phenols the peroxidase 
system is not primarily concerned. 

. The autocatalytic nature of the curve with the purified enzyme could be 
explained if during the purification a trace of inhibitor were accidentallv intro- 
auced, and the reaction velocity slowly increased as the inhibitor was oxidised 
• " ? 'i? 11 !* 10 ?! 6 P*°d uee d during the reaction. This possibility was rendered 

Wfl 0b i a f le r# the f act ^ the enz y me had the sam e properties when further 
nlJmu v cb ? ere1 }* metll ° ds > e -9- by adsorption, dialysis or precipitation with 
+i jjv m "f 1 '’ ^ was observed that when the enzyme was “activated” by 

t I01 + ° f i a ta ' a , C !,° f catechol > dt was found to be no longer activated if 
allowed to stand until the o-quinone formed had decomposed. 

, ■ In ^ ltl0n ^f the oxidation of monohydric phenols. The most probable explana- 
vT fi? t l°J a t ,° f catec , ho1 , derivatives appeared to be Onslow and Robinson’s 
1 a e monohydric phenols are oxidised by the o-quinones formed : 

Catechol derivative + 0 2 + (catechol oxidase) -a- o-quinone + H„0„ I. 

Monohydne phenol + o-quinone + (dehydrase) 2 mols. catechol derivative II." 

SechTder^p 63 ^ 011 ^ 0 ^ be COnt ™> since react fon II regenerates the 
catechol derivative required for reaction I. 

addtd^fib!. 8 tes l^ is ™ b / showing that a trace of o-quinone could be 
are verv mvstnKf 3 - 0 be ca t ecb °i derivative were inconclusive, since o-quinones 
ait veiy unstable m aqueous solution, and after standing only for a few minutes 
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the solution contained an appreciable amount of catechol derivatives [WiUstatter 
and Muller, 1911]. The addition of sodium j3-naphthoquinonesulphonate, an 
o-quinone derivative which is relatively stable in aqueous solution, produced 
only a slight acceleration. 

This view of the action of o-quinones was therefore tested by adding to the 
system substances which combine with o-quinones. It was found that the 
oxidation of p-cresol or tyrosine was completely Inhibited by 0*5 % o-phenylene- 
diamine, Mj 1000 sodium bisulphite, 1 % potassium iodide or If/ 10 aniline for 
a period of over 5 hours, although the catechol oxidase was still active, since a 
rapid oxygen uptake occurred on adding catechol. 

This Inhibition by substances that combine with o-quinones gives additional 
evidence that o-quinones play an essential part in the oxidation of monohydric 
phenols. The view that one enzyme catalyses the direct oxidation of both catechol 
derivatives and monohydric phenols by molecular oxygen [Raper, 1928; Pugh, 
1930] does not explain the extreme sensitivity of the latter, but not the former, 
reaction to traces of o-quinones and to substances which combine with 
o-quinones. 

The instability of the o-quinones in solution makes it difficult to obtain 
direct experimental proof, but the oxidation potentials of the o-quinones are 
sufficiently high for the oxidation of the monohydric phenols, and the available 
evidence is consistent with the view that this oxidation takes place. 

Summary. 

1. Catechol oxidase preparations from Syringa vulgaris , Sambucus nigra , 
Agaricus campestris , Polyporus hispidus , Tenebrio molitor and potato were com- 
pared by testing the extent to which they were inhibited by varying concen- 
trations of resorcinol. Preparations of different origin showed marked specific 
differences in their behaviour. An Improved method was obtained for preparing 
stable preparations of the catechol oxidase of potatoes. 

2. Conditions were found under which the catechol oxidase system of 
potatoes effected the secondary oxidation of o-phenylenediamine and of thiol- 
acetic acid. 

3. Measurements of the rate of oxidation of p-cresol by the catechol oxidase 
of potatoes showed the reaction to be strongly accelerated by substances which 
produce o-quinones, and strongly inhibited by substances which combine with 
o-quinones. The reaction "would therefore appear to be essentially a secondary 
oxidation In which the formation of an o-quinone Is involved, rather than a 
direct oxidation of p-cresol by the enzyme. 

The author wishes to thank Prof. Sir Frederick Howland Hopkins and also 
Mrs Adair for their interest and advice. 
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CXXX. THE ACTION OF CRYSTALLINE 
VITAMIN B 1 ON THE RESPIRATION OF 
POLYNEURITIC TISSUES IN VITRO. 


I By ROBERT HENRY STEWART THOMPSON 1 . 

I 

| From the Department of Biochemistry , Oxford. 

I [Received May 1st, 1934.) 

The connection of vitamin B x with tissue oxidation has been considered for many 
years, and recent work has strongly suggested that this vitamin is intimately 
associated with the oxidation of carbohydrates. Gavrilescu and Peters [1931] 
l showed that the oxygen uptake of minced polyneuritic pigeon’s brain tissue in 

I the presence of added glucose was significantly lower than that of the normal 

tissue. More recently [Gavrilescu et at., 1932] this has been shown to be the case 
f in the presence of added lactate as well, an average diminution of 33 % being 

found for cerebrum, and 45 % for the optic lobes; in the presence of succinate 

I however there is no difference between the levels of oxidation of normal and 

avitaminous tissues, while the residual uptake, i.e. without added substrate, also 
shows no significant difference. The addition of small amounts of crystalline 
vitamin B x restores the oxygen uptake of the avitaminous tissue in the presence 
of lactate almost to the normal level. It is concluded that this in vitro effect of 
the vitamin on the respiration of brain tissue is specifically connected with the 
glu cose -lactate enzyme systems, and this action is now referred to as the cata- 
torulin effect of the vitamin [Passmore et al. 1933]. 

It seems to be well established therefore that there exists a specific defect in 
the oxidative mechanism of the brain in B x avitaminosis, but with regard to the 
■ other tissues the position is not at present clear. The literature concerning the 

level of respiration in normal and avitaminous tissues other than brain is 
confused and contradictory, as may be seen from W estenbrink’s review of the 
subject [1932, 1]. In the fifteen investigations reviewed the only positive results, 
as Westenbrink has pointed out, which survive statistical examination are those 
of Ahlgren [1923] on minced pigeon muscle and of Tsukamoto [1928] on pigeon 
liver slices 2 . 

Galvao and Cardoso [1932] investigated, by the methylene blue method, the 
reducing powers of normal and avitaminous tissues and of tissues from animals 
in a state of inanition. They found that the reducing power of muscle tissue 
from animals suffering from inanition was lower than that of the normal tissue, 
but that there was no lowering of the reducing power of muscles from polyneuritic 
animals when excessive loss of weight was prevented by forced feeding on 
polished rice ; in the case of liver they found no difference even between normal 
animals and animals in a state of inanition. 

1 Senior Demy of Magdalen College. 

- For further discussion of the experiments of Abderhalden and \ lassopoulos [1931] see 
Gavrilescu et al. [1932]. 
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^stenbrink, impressed with the fact that Tsukamoto’s positive results 

had been obtained with liver slices in contrast with the minced tissues which 

of TsnH 1 Wo ^ other workers has recently [1932, 2] repeated the experiments 

HvJr ltr a t +n bU n has been unable t0 find an y decrease in the oxygen uptake of 
liver slices either from pigeons or rats. 1 

w 1 l Per ! ia P S WOrth f °f mention that in none of the experiments reviewed by 
Westenbrmk except those of Drummond and Marrian [1926] on the reducing 
powers of the tissues tor methylene blue, nor in Westenbrink’s own experiments 

Wo a 5 p added i! U ff tr f ! USG , d ’ th ® tlSSUe being placed merel y m Ringer solution 
or m a Ringer buffered by phosphate or bicarbonate. 

r r ew °J the conflicting results obtained in the comparison of the tissue 
respiration of normal and avitammous animals, the work of Peters and his 
c leagues on the catatoruhn effect of vitamin B x in polyneuritic pigeon’s brain 
tissue seems to provide a more decisive method for determining the presence of 
tb? n onda.tave . lesion m other avitaminous tissues. By analogy with brain 
tL] dltl °a ° f Vltamm Bl *° suspensions of these tissues respiring in lactate 
tf d a 16SuIt f an m creased oxygen uptake, if such an oxidative lesion exists 
Such a procedure avoids the controversial question of the level of tissue re- 
spiration m vitamin B 1 deficiency, and also has the advantage that it is less 
S? 4 °“ the general stat ® of nutrition of the animal. The following expert- 
ments therefore were primarily undertaken not in the hope of settling whether 
ere was a specific lowering of cell-respiration in polyneuritic tissues but to 

tissues of polyneuritic pigeons other than the brain. 


Method. 

The method employed has been to kill the birds by guillotining The or<mn 
to be investigated is then quickly dissected out and removed from the body 
Mj' smTomidmg connective tissue is carefully dissected away and the or4n 

? y Wlped f 5 ee from bIood Wltb filter-paper. In dissecting out the kidney it 
lias been found most convenient to pluck the back of the abdomen and then to 

+f Ce ° f the b ° ny P° sterior abdominal wall in front of which 
, j jd ney bes by this means the kidney can be removed with the least amount 

JSSRSfriasssi tid " r h " e b “ n 

I* experiments in which's^c^ns 

*“ — «** - — 

containing w?® was , measured in bottles of the Barcroft-Dixon type 

tJ” require u to make the final concentration of lactate 0-033 M To the 
2£Sw!;'i" f Kf'ftphoeplmte.lnct.te solution 
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was finely broken up with a flat-ended glass rod and the vitamin added to those 
bottles where required. Rolls of filter-paper moistened with 2 N KOH were 
used to absorb the 00 2 . The bottles were then twice evacuated to 70 mm. and 
filled with oxygen. The temperature of the bath was 38°. 

All the avitaminous birds, which were fed according to the usual procedure 
adopted in this laboratory, showed well-marked symptoms of head-retraction 
at the time of use. The amounts of tissue employed in each case varied with the 
different tissues on account of differences in their rates of oxygen consumption: 
the approximate average amounts per bottle were 70 mg. for kidney, 100 mg. 
for muscle and liver, and 130 mg. for heart. All the values given are the averages 
of duplicate estimations, the agreement being in nearly every case within 7 % . 

Results. 

It was found that with avitaminous kidney the addition of the vitamin 
produced in all cases a large and striking increase in the oxygen uptake 
measured over four successive half-hour periods, but with muscle, heart and 
liver the effect when present was always small and not actually statistically 
significant. 

The results obtained with avitaminous muscle, heart and liver, with and 
without the addition of vitamin are shown in Table I. 

The oxygen uptakes are expressed in microlitres of oxygen per g. of tissue 
per hour over four successive half-hour periods: this method of expression has 
been used in order to render the results more comparable with those of other 
workers on this problem; for those who prefer the modern nomenclature 
2000 /A. /g. /hour = Q ()i 10 approximately. It can be seen from this table that the 
oxygen uptake of those organs is little affected by the addition of the vitamin: 
In the muscle and heart experiments the bottles containing vitamin had in 
some cases a lower uptake than the controls, and in those cases where the 
vitamin did bring about an increase, this increase was always small, reckoned 
either as the excess amount of oxygen taken up in /xl. per g. of tissue per hour 
or as the percentage rise over the control, and was not statistically significant 1 . 
In the case of the liver the addition of the vitamin produced in every case a small 
increase in the oxygen uptake, but here also though the actual amount of 
oxygen taken up was greater than in the case of muscle or heart, the percentage 
increase was of the same order and was again not statistically significant except 
possibly for the fourth half-hour period. Since the vitamin effect, when present, 
was in every case so slight, and in view of the fact that statistical examination 
of the results shows that the increase is definitely not significant, it was thought 
unnecessary to do more than five of these experiments on each tissue. Foui 
additional experiments were done using slices of liver, but no effect was obtained 

by this method. # 

Table II shows the results obtained with avitaminous kidney with and with- 
out the addition of vitamin. As in the previous experiments the amount of 
vitamin added was 1-2 y per bottle. It may be seen that with kidney the 
addition of the vitamin produced in every case a large increase in the oxygen 
uptake, obviously of quite a different order from the effects obtained with the 
other tissues, amounting in the fourth half-hour period to 885 /xl., or 58 % of the 
oxygen uptake without added vitamin. 


1 The significance of the results obtained in this research was determined by means of Fisher s 
“r test. 

■ 
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Table I. Avitaminous heart , muscle and liver . 

0 2 uptake (/d. 0 2 /g./hour). 

Heart. 


Exp. 


Periods (hours) 

A 


0-4 


I-l-J 

14-2 

8. L. 

850 

430 

345 

255 

L.+V. 

835 

460 

412 

265 

11. L. 

725 

447 

277 

182 

L.+V. 

772 

464 

274 

189 

12. L. 

837 

475 

252 

193 

L.+V. 

872 

506 

351 

202 

14. L. 

715 

341 

178 

165 

L.+V. 

804 

379 

213 

158 

37. L. 

705 

335 

179 

156 

L. + V, 

695 

405 

214 

167 

Average L. 

765 

405 

245 

190 

L.+V. 

795 

445 

295 

195 

Average increase 

+ 30 

+ 40 

+ 50 

+ 5 


Muscle. 


5. L. 

2555 

794 

257 


L.+V. 

2410 

937 

305 

— 

35. L. 

750 

415 

294 

232 

L. + V. 

770 

460 

262 

179 

37. L. 

780 

300 

146 

76 

L.+V. 

700 

310 

140 

116 

38. L. 

1415 

480 

213 

118 

L. + V. 

1535 

510 

222 

138 

39. L. 

545 

193 

114 

95 

L.+V. 

515 

202 

154 

105 

Average L. 

1210 

435 

205 

130 

L. + V. 

1190 

485 

215 

135 

Average increase 

-20 

+ 50 

+ 10 

+ 5 



Liver. 



30. L. 

1105 

800 

597 

442 

L.+V. 

1185 

868 

667 

506 

34. L. 

1265 

890 

650 


L. + V. 

1290 

890 

660 

— 

35. L. 

2200 

1330 

905 

675 

L.+V. 

2210 

1340 

1020 

760 

37. L. 

1465 

1090 

715 

585 ■ 

L.+V. 

1765 

1205 

830 

708 

38. L. 

1870 

1230 

900 

600 

L. + V. 

1960 

1280 

980 

715 

Average L. 

1580 

1070 

755 

575 

L.+V. 

1680 

1120 

830 

670 

Average increase 

+ 100 

+ 50 

+ 75 

+ 95 
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Table II. Avitaminom kidney. 
0 2 uptake (/d./g./hour). 


Periods (hours) 


Exp. 

o-i 

4-1 

1-H 

Li-2 

11. L. 

2120 

2060 

1845 

1485 

L.+V. 

2335 

2500 

2385 

2220 

12. L. 

2100 

2075 

1760 

1525 

L.+V. 

2450 

2480 

2405 

2340 

14. L. 

2355 

2275 

1885 

1555 

L.+V. 

2735 

2935 

2735 

2660 

19. L. 

2265 

2120 

1790 

158 5 

L.+V. 

2820 

2780 

2790 

2630 

24. L. 

1870 

1875 

1725 

1475 

L.+V. 

2340 

2140 

2490 

2215 

34. L. 

2365 

2130 

1840 

1575 

L.+V. 

2630 

2650 

2515 

2450 

Average L. 

2180 

2090 

1S10 

1535 

L. + V. 

2550 

2580 

2550 

2420 

Increase (pi. 0 2 ) 

370 

490 

740 

885 

% increase 

17 

23 

41 

58 


It is also noteworthy that whereas the respiration of the avitaminons kidney 
in vitro falls off steadily, the addition of the vitamin maintains the respiration 
at an almost constant level. In view of this catatorulin effect of the vitamin on 
the kidney as well as on the brain it is of interest to compare the rates of 
respiration of normal and avitaminons kidney tissue in the presence of lactate. 
The results obtained with normal kidney without added vitamin are shown in 
Table III. 

Table III . Normal kidney . 

0 2 uptake (/d./g./hour). 

Periods (hours) 


Exp. 

o~i 

|-1 

1-1| 

14-2 

13 

3120 

3455 

3085 

3225 

17 

2440 

2510 

2425 

2485 

18 

2830 

2S65 

2680 

2860 

27 

2470 

2460 

2775 

2265 

28 

3075 

3145 

2965 

3150 

43 

3570 

3345 

3475 

3265 

Average 

2920 

2965 

2900 

2875 


It will be seen that the respiration of normal kidney, like that of the avita- 
minous kidney in the presence of added vitamin, maintains itself at a fairly 
constant level (Fig. 1). Statistical examination of these figures also shows that 
the level of oxygen uptake of the avitaminons kidney is significantly lower than 
that of the normal, while Table III shows that the lowered level of respiration 
of the avitaminons kidney is appreciably restored by the addition of the vitamin. 
Four experiments were done to determine whether added vitamin had any 
effect on the respiration of normal kidney in the presence of lactate; it was 
found that there was no effect. 
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Fig. 1. Mean rate of oxygen uptake of minced kidney in presence of lactate. 
N = normal ; .4 = avitaminous ; V = avitaminous + vitamin. 


Discussion. 

It' seems justifiable to conclude from the results of this research that the 
addition of vitamin B x to muscle, heart or liver tissue from polyneuritic pigeons 
has no significant effect on the oxygen uptake in vitro , but that it shows a 
marked catatorulin effect on polyneuritic kidney respiring in the presence of 
lactate. 

As already pointed out the primary object of this research was to investigate, 
not the rate of respiration of normal and avitaminous tissues, but the cata- 
torulin effect of the vitamin in polyneuritic tissues other than brain. But in 
view of the discovery of this striking effect on polyneuritic kidney, it seemed 
essential to determine whether the extra oxygen uptake produced by the added 
vitamin was a restoration of a lowered level of respiration to the normal level. 
The results show that, as in the case of brain, the respiration of the polyneuritic 
kidney in vitro in the presence of added lactate is markedly lower than that of 
the normal tissue, the lowering becoming more pronounced hi the third and 
fourth half-hour periods. There exists therefore in the kidneys of polyneuritic 
pigeons in opisthotonus some oxidative lesion which is capable of being largely 
repaired in vitro by the addition of vitamin B 1 . No experiments have yet been 
done to decide the stage in avitaminosis at which the kidney lesion commences. 

It is possible that this kidney lesion may be connected in some way with the 
oedema which is sometimes present in polyneuritic birds, but it is certain that 
other factors must also be concerned, since no obvious oedema was present in 
any of the birds used during this research. 


Summary. 

1. The respiration of minced muscle, heart, liver and kidney tissues from 
polyiieuntic pigeons has been studied in the presence of lactate with and 
without the addition of small amounts of vitamin B 

dJLTf ff di f° n the Vitamin t0 Pruritic muscle, heart or liver has no 
significant effect on the oxygen uptake of these tissues in vitro, but in the case 
of polyneuritic kidney the addition of the vitamin brings about a large and 
statistically significant increase in respiration. 
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3. The respiration of the polyneuritic kidney in the presence of lactate is 
significantly lower than that of normal kidney; the addition of the vitamin 
largely restores this defect. 

I wish to express my sincere gratitude to Prof. Peters for his constant 
interest and advice during the course of this work. I am also indebted to 
Mr H. W. Kinnersley for supplying the vitamin concentrates used, and to 
Mr R. B. Fisher for assistance with the statistical examination of the results. 
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CXXXI. PYRUVIC ACID AS AN INTERMEDIARY 
METABOLITE IN THE BRAIN TISSUE OF AVITA- 
MINOUS AND NORMAL PIGEONS. 

4 By RUDOLPH ALBERT PETERS and 

$ ROBERT HENRY STEWART THOMPSON. 

From the Department of Biochemistry, Oxford. 

[Received May 4th, 1934.) 

The recent discovery of a pyruvate reaction in lactate solutions in which 
avitaminous pigeon’s brain has respired in vitro for 2 hours [Peters and Sinclair, 
1933] is of interest in relation to the action of vitamin B 1 , because addition of 
this reduces the amount of the abnormal substance (for references see Gavrilescu 
et al. [1932] and Meiklejohn et al. [1932]). More generally, identification of 
| pyruvate in these circumstances lends support from an unexpected source to 

I the recent conceptions of this substance as a normal intermediary in the meta- 

bolism of carbohydrate in the animal (see especially Embden et al. [1933] and 
Meyerhof and Kiessling [1933]). Otherwise these views depend entirely upon 
work with added sulphite or fluoride. There is also involved the even more 
fundamental problem of synthesis of carbohydrate from lactic acid, since the 
indication is that vitamin B x is related to the oxidative synthesis of lactate. 

; With this idea in mind, we have devoted attention in the main to phenomena 

occurring in lactate solutions, as we are more likely so to approximate to condi- 
tions favouring the synthesis. The experiments described in this paper have been 
made with minced brain and in phosphate solutions to facilitate manipulations 
jj and to obtain better* duplicate control. The conditions are frankly artificial and 

narrowed for the study of the one point, but it is most unlikely that qualitative 
errors have been imposed by our conditions. The presence of the substance 
| reacting like pyruvate is equally induced by sections of avitaminous brain and 

was found by Sinclair (personal communication) to occur with bicarbonate 
solutions. 

We have proved that the lfitroprusside-reacting substance is actually pyruvic 
acid and have obtained quantitative data relating extra pyruvate disappearance 
in presence of vitamin to extra oxygen uptake to find out whether pyruvate 
disappears as a direct or indirect effect of the vitamin 1 . 

Experimental. 

Pyruvic acid is known to bind bisulphite. It can be readily shown that 
bisulphite-binding substances (B.B.S.) (a) do not appear during the respiration 
°f nOTma, l brain tissue (b) appear during that of polyneuritic tissue, and (c) dis- 
appear with addition of vitamin. Bisulphite-binding substances however do 
i appear during the respiration of normal brain tissue in the presence of iodo- 

acetate. 



1 A preliminary account has appeared in J. Physiol . 81, 22 P. 
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Unless otherwise stated the minced 1 brain tissue from normal or polyneuritic pigeons (with 
opisthotonos symptoms) has been shaken in phosphate Ringer-lactate or pyruvate solution at 
7*3 [see Passmore et al. s 1933] in differential manometers filled with oxygen: in all cases 
anhydrous sodium pyrophosphate (brought to 7*3 with HOI) was added in a concentration of 
0*0094 M per bottle [Peters and Sinclair, 1933]. At the end of the respiration period (usually 
2 hours) at 38 to each cooled bottle was added 0*9 ml. of 25 % trichloroacetic acid. After standing 
1 hour the contents were filtered and the bottles washed out with 2 ml. of 5 % trichloroacetic 
acid. 

Table I. 


Bisulphite -binding substances (B.B.S.). 

Results 'are expressed in ml. A/IOOI per g. tissue 
(1 ml. =0*44 mg. pyruvic acid). 


I. Residual. 







Difference 

Exp. 



R.P. 

R.P.+V, 

produced by 


Initial 

2 hours 

2 hours 

vitamin 

533 Normal 


— 

1*18 





562 Avitaminous 


— 

1*64 

1*60 

0*04 

663 


— 

2*08 

1*69 

0*39 

o35 5 . 


1*17 


— 



564 „ 


— 

2*80 

1*74 

1*06 

565 ,, 


— 

1*98 

1*74 

0*24 



Average 

2*12 

1*69 

043 



II. Lactate. 





L. 

L. 



Exp. 

Initial 

1 hour 

2 hours 

L. + lodo. 

L.+PL 

545 Normal 

' — 

— 

2*75 

— 

2*72 

531 >» 

0*92 

2*32 

(3*30) 

— 

— 




(3*34) 



533 

— 

— 

2*87 

— 

— 

534 „ 

. — 

— 

3*10 

— 

— 

541 

— 

— 

3*69 

7*25 (0*0018 M) 

3*04 

592 

— 

— 

4*23 

8*2 (0*0005 M) 

3*8 



Average 

3*33 

7*72 

3*19 

(lodoacetic acid concentration in brackets. 

Fluoride 1 mg./nil. NaF (0*024 ill). 

Avitaminous. 






L. 

L.+V. 


L. 

L.+V. 

L.+FJ. 

Exp. 1 hour 

1 hour 

Difference 

2 hours 

2 hours Difference 2 hours 

535 6*88 

5*5 

1*38 

10*2 

7*14 3*06 

5*8 

539 — 

— 

— 

9*37 

5*63 3*74 

— 

537 5*96 

3*78 

2*18 

7*16 

3*93 3*23 

— 

551 6*6 

5*4 

1*20 

8*95 

6*58 2*37 

— 

553 — 

— . 

— 

8*85 

6*41 2*44 

— 

554 — 

— 

— 

9*30 

5*23 4*07 

— 

557 — 

— 

— 

9*88 

6*03 3*85 

— 

558 — 

— 

— 

10*0 

5*10 4*90 

— 

560 — 

— 

— 

11*10 

5*33 5*77 

— 

569 — 

— 

— 

7*45 

4*69 2*76 

— 

580 

— 

— 

9*8 

5*28 4*52 

5*33 

Average 6*48 

4*89 

1*59 

9*28 

5*58 3*70 

5*50 


1 In unpublished results we have found that a large quantitative difference may be induced 
in respiration by variations in temperature of mincing. The data as to temperature have not been 
included in this paper, because no qualitative effect seems to have been produced upon the 
quotient studied. 
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The combined filtrates were treated with N NaOH to bring to p H 2*0 and made up with water 
to a final volume of 15 ml. for each bottle containing originally 3 ml. of Ringer plus brain tissue. 
5 ml. of this solution were then treated with 0-5 ml. of M NaHS0 3 and allowed to stand for 15 min. 
[Clift and Cook, 1932]. Excess bisulphite was removed with N/ 10 and then 2V/100 iodine; 5 ml. 
oi saturated NaHCQ 3 were added and the liberated bisulphite was titrated with iV/100 iodine. 
The results are given in Tables I and I a. 



Table I a. 


Abstract of results (averages). 


Residual. 

Initial 

R.P. 

2 hours 

R.P. + V 
2 hours 

Biff. 

L. L.+V. 

1 hour 1 hour Diff. 

Normal (1) 

Avitaminous (5) 

1*17 

1*18 

2*12 

1*69 

0*43 



Lactate. 






Normal (6) 

Avitaminous (11) 

0*92 

— 

— 

— 

2-32 — _ 

6-48 4-89 1-59 

L. L.+V. 
2 hours 2 hours 

Biff. 

L.+Fl. 

2 hours 

L.+FL 
+ V. 

2 hours 

R ± L. + Grl. 

Biff. lodo. L. + Gl. +Iodo. 

Lactate. 






Normal (6) 3*33 

Avitaminous (11) 9*28 

5*58 

3*70 

3*19 

5*56 

3*90 

— 7*72 3*1S 5*67 

1*66 — — — 


Results in Table I are the mean of duplicate estimations ; they agree within ±2 % for L. (avit.) 

( ±0 01 ml. iodine for the equivalent of 1*0 ml. bottle contents). For smaller amounts of pyruvate 
the error is proportionately greater. V. =in all cases, 2y crystalline vitamin B. hydrochloride -per 
Barcroft bottle [Kinnersley etal., 1933]. 1 

Substances combining with bisulphite are present in very small amounts in 
normal brain and increase slightly during respiration in lactate (not more than 
0-4 mg. per g.). The amounts formed with avitaminous brain are of a different 
order (ten times as much) ; they decrease 39 % with added vitamin. 

A comparison of experiments in Ringer-phosphate only, with those in lactate 
show a. slight increase of B.B.S. with lactate in normal, but a large increase for 
avitaminous brains. Hence lactate is essential for the formation of the B.B.S. 
which are decreased in amount by added vitamin. Before proceeding further* 
it is necessary to know how much of the B.B.S. is really pyruvic acid. The 
method of Clift and Cook [1932] of heating in alkali to remove substances other 
than pyruvic acid did not prove satisfactory in our hands, and could not be so 
certain as isolation of the 2 : 4-dinitrophenylhydrazone [Case, 1932]. 

Case’s method involves the following steps: 

L Addition of 2 : 4-dinitrophenylhydrazine to the trichloroacetic acid solution. 

2. Extraction of mixed hydrazine and hydrazones with ethyl acetate. 

3. Neutralisation with CaC0 3 . 

4. Evaporation and extraction with toluene. 

5. Extraction with Na 2 C0 3 . 

6. Acidification and extraction with ethyl acetate. 

7. Evaporation to dryness. 

8. Estimation in solution in alcoholic potash. 

This has been modified as follows. Stage 1. Same; 5 ml. 1 % hydrazine in 2N HC1 added to 
20*0 ml. trichloroacetic acid solution. 
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I 2. Same; at least 3 extractions, and often more. 

! Successive extractions with alkaline phosphate, 1/3 vol. The first extraction with saturated 

j alkaline phosphate (Na), and subsequent with Mj 15. 

t 4. Acidification with HC1 and extraction with ethyl acetate. 

[ 5. Repeat stage 3. 

j 6. Repeat stage 4, making acid to p n 2*5 approx. 

[ 7. As Case. 

j 8. As Case. 

We found that our extracts did not give good results by Case’s method unmodified. Since the 
pure hydrazone of pyruvic acid was found to be completely extracted by alkaline phosphate we 
proceeded as in stages 3 and 4, continuing the extraction with alkaline phosphate until fresh 
extracts were colourless, or showed only a faint brown-yellow colour, due to traces of hydrazine. 
With this exception other stages were repeated until colourless. The trace of hydrazine carried 
over into 4 is removed almost completely in 5 and 6. The combined ethyl acetate solutions from 
2-3 bottles (equivalent to 200-300 mg. tissue) are conveniently made up to 5-6 ml. .1-2 ml. (Ostwald 
pipette) can be evaporated in a small measuring flask to 0-1 ml, cooled and made up to the mark 
with the alcoholic potash. (Standards containing 0-5 mg. per 1*0 ml. ethyl acetate have been used 
for comparison ( = 0*15 mg. pyruvic acid). The 0-1 ml. ethyl acetate left assists solution in the 
alcoholic potash and minimises the risk of hydrolysing the hydrazone. It appears to have no 
influence upon the determination provided that the estimation is performed reasonably soon. 

; The method has the great advantage that heating is always avoided up to stage 6, and if 

necessary after this by evaporation in vacuo . Hence unstable hydrazones such as that of oxalo- 
acetic acid [Clift and Cook, 1932] should be detected more easily. Stages 2-6 for 4 estimations 
take approximately 4 hours. 

Stage 7 reaches a high accuracy with 0-5 mg. or even less of hydrazone. Stages 2-6 give a good 
recovery of pyruvic acid 2:4-dinitrophenylhydrazone added at stage 2 to the combined ethyl 
acetate extracts. Examples are given in Table II. 

| Table II. Recoveries . 

1. Pyruvic acid 2:4-diiiitrophenylhydrazone added at stage 2. Final ethyl acetate phase 
made up to 6-0 ml. approx, and 2-0 ml. takenfor analysis in all except c (3*0 ml.). TO mg. =0*328 mg. 


pyruvic acid. 


Added 

Found 

Corr. 


mg. 

mg. 

mg. 

(«) 

1*0 

1*02 

TO 

(b) 

(c) 

TO 

1*02 

TO 

TO 

1*03 

TO 

(d) 

1*5 

1*49 

1*48 

2. Pyruvic acid added at stage 1. 


Added 

Found 

Corr. 


mg. 

mg. 

mg. 

(e) 

0*492 

0*494 

0*488 

(/) 

0*492 

0*496 

0*490 

(0) 

0*984 

0*984 

0*981 

(k) 

0*984 

0*960 

0*957 


As stated previously a trace of hydrazine accompanies the hydrazone, making a difference of 
approx. 0*01 mg. hydrazone (0*003 mg. pyruvic acid) per 1*0 ml. of final phase taken. This can 
be allowed for as a blank, if desired. Our slight modification is presumably more specific in its 
extraction than the Na 2 00 3 stage, but we have not investigated this. 

Table III gives the results of estimations by the modified Case 2:4-dinitro- 
phenylhydrazone method upon solutions from some of the experiments given 
in Table I. The experiments are given in order and probably increase in accuracy ; 
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Table III. Substrate lactate. Pyruvic acid , estimated by 2 : 4-dinitro- 
phenylhydrazone method, mg./g. 

Biff. 


Exp. 

L. 

L.+V. 

L. - 

(L.+V.)L. %* 

L.+V. 
0/ * 

/o 

a 

uptake 

/*!•/ 

mg. P.A. "Remarks 

554 

3-32 

1*66 

1*66 

81 

72 

1345 

815 m.p. hydrazone low, 193 

557 

2-90 

1-68 

1*22 

67 

63 

962 

790 m.p. 216° 

558 

3*67 

1*57 

2*10 

84 

69 

1010 

480 m.p. low, 204° 

560 

3*30 

1*37 

1*93 

68 

58 

1115 

580 (No pyrophosphate) 

569 

3*31 

1*79 

1*52 

102 

88 

1162 

765 

580 

3*88 

1*89 

1*99 

90 

82 

1020 

515 

Average 

3*40 

1*66 

1*73 

82 

72 

1102 

657 


* % of B.B.S. estimated as pyruvic acid 2:4-cUnitrophenylhydrazone. 

Exp. 590. Samples of avitaminous cerebrum in bottles as follows : 4 contained L. only, 4 L. + V. 
All were treated similarly, but two of each were removed from the bath after the preliminary 
shaking period, cooled and treated with trichloroacetic acid. The remainder were shaken 1 hour. 


Pyruvic acid 




( 

—A 

% as 







As 

As 2:4- 

pyruvic 

Weight 





min. 

B.B.S. 

dinitro. 

acid 

tissue 

-P.A./g. 

Biff. P.A. 

0 2 /g. 

L. 

12 

0*185 

0*075 

41 

0*174 

0*43 





L. 

60 

0*502 

0*398 

78 

0*205 

1*91 

1*48 ' 

1710 

L.+V. 

12 

0*157 

0*068 

50 

0*215 

0*32 

— 

— 

L.+V. 

60 

0*290 

0*218 

72 

0*194 

1*08 

0*76 

2070 




Biff. P.A. = 

1*48-0*76 

=0*72 mg. 





Biff. (X =360 fit 
0 2 /P.A. =500. 

Note. Single estimations only were performed in these experiments owing to the small amount 
of pyruvic acid present. 

in all cases L. and L. + V. have been extracted side by side. The last experiment 
(590) is given separately ; an attempt was made to estimate the influence of the 
initial period upon the pyruvic acid disappearance, when there is no estimation 
of oxygen. The ratio -f 0 2 / — pyruvic acid is within the limit for the others. 
Pyruvic acid evidently forms a large proportion of the B.B.S. and disappears in 
presence of added vitamin. Some 20 % of B.B.S. are not pyruvic acid, and this 
proportion increases as the result of the vitamin action. From this it may be 
inferred that one of the substances into which pyruvic acid is transformed is a 
non- acidic substance containing an aldehyde or ketone group. 

In Exps. 551, 557, after one or two further purifications by repetition of 
stages 5 and 6, pure pyruvic acid hydrazone separated upon evaporation of the 
ethyl acetate phase, m.p. 216°, which showed no alteration in a mixed m.p. 
Traces of other hydrazones which give a red colour with alcoholic potash often 
accompany the pyruvic acid hydrazone, giving this a red tint and a lower m.p. ; 
the amount of such substances is small, so that there seems no doubt that the 
main substance concerned is pyruvic acid. 

Pyruvate as substrate. 

The conclusion that the vitamin catalyses disappearance of pyruvate as well 
as increased 0 2 uptake can be confirmed by substitution of pyruvate for lactate 
hi the respiring system. This is in striking contrast to lactate, extra disappearance 
of which w r as not shown to take place in presence of vitamin [Meiklejohn, 1933]. 

In the experiments recorded in Table IV (A, B) the amounts of pyruvate 
present in the Ringer-phosphate solution were 5*0 mg. approx. (0*019 M). 
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Exp. 

562 

563 

564 

565 
567 
582 
588 
590 
567* 


Initial 

Weight 

pyruvate 

tissue 

mg. 

g- 

10-1 

0*2302 

[9-91] 

0*220 

10*86 

0*2370 

[10*36] 

0*1983 

11*5 

0*1966 

10*3 

0*1975 

11*95 

0*1664 

11*95 

0*1971 

11*5 

0*2025 


P. 


.A. 



Pyruvate 

0 2 


Pyruvate 

(mg.) 

uptake 


dis- 

per g. 

Weight 

2 hours 

appearing 

2 hours 

tissue 

mg. 

per g. 

gl. 

g* 

8*9 

5*2 

1220 

0*2192 

8*9 

[4*6] 

1270 

0*1944 

9*55 

5*52 

1350 

0*1787 

9*45 

[4*6] 

2180 

0*1589 

9*95 

7*9 

1700 

0*2112 

9*8 

2*53 

1635 

0*1850 

11*55 

2*4 

2170 

0*1697 

11*17 

3*95 

1785 

0*2049 

10*2 

6*42 

1275 

0*2233 


* With lactate present also. 


p.+y. 

— - A 

0 , 

uptake 

Pyruvate per g. 

2 hours Pyruvate 2 hours 


mg. 

mg./g. 

P l * 

8*1 

9*15 

2450 

8*7 

[6*25] 

2291) 

9*6 

7*06 

2050 

9*2 

[7*3] 

3165 

9*4 

9*95 

2540 

9*45 

4*6 

2855 

10*83 

6*6 

3595 

10*3 

8*05 

2870 

9*2 

10*3 

2850 


(B) Pyruvate, estimated by hydrazone method *. 


p. P.+V. 

_A A 


Exp. 

r 

Pyruvate 

2 hours 
mg. 

\ 

% B.B.S. 

Pyruvate 

2 hours 
mg. 

% B.B., 

563 

8*4 

94*5 

8*15 

94 

564 

9*2 

96 

8*4f 

87*5f 

565 

8*65 

91*5 

8*25 

90 

567 

9*37 

94 

9*3 

99 

567 X 

9*75 

95*5 

8*9 

97 

582 

9*08 

92*5 

8*56 

90*5 

588 

10*7 

92*5 

10*11 

93*5 


* Mean of duplicate observations agreeing within 2 %, in exps. 567, 582, 588. Remainder 
single observations. 

f Some known to have been lost. :{: With lactate present also. 

Table IV (B) shows that there is much more satisfactory agreement between the 
B.B.S. by titration and the hydrazone estimations than for lactate. A summary 
of the essential differences is given in Table V. 

Table V. Substrate pyruvate. The relation between pyruvate disappearing 
and 0 2 uptake due to added vitamin B 1 (differences only). 


Exp, 

Pyruvate 

mg./g. 

0 2 uptake 
ml./g. 

o 2 /p.a. 

562 

3*72 

1230 

330 

563 

1*55 

1020 

658 

564 

1-45 

700 

482 

565 

2*53 

985 

389 

567 

1*93 

840 

435* 

582 

1*95 

1220 

625 

588 

3*95 

1425 

361 

590 

3*95 

1085 

275 

Average 

2*63 

1063 

443 


* With lactate also present 380. 


A point needing discussion arises in connection with some of the data in Table III. If the 
amounts of tissue are approximately equal the initial amount of pyruvate need not be known; if 
not, error may be introduced. Expressed mathematically: 


I 

/ 

| 

I 
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If c = initial concentration of pyruvate, 

a l9 u z — amounts present after time t, in pyruvate and pyruvate-vitamin respectively, 

b lf & 2 = weights of tissue (mg.), 

k = constant, 

cl — difference wanted, all being in suitable units, 
we have made the general assumption that 

(c ~a 1 )=kb lf etc. (1), 

(c - %) -=— and (c - « 2 ) -=— = disappearance of pyruvic acid per 100 mg. of tissue for P. and P. + V. 

respectively. 

Hence d — [c (6 2 - 6 X - % 6 a ] ( 2 ) . 

Unless 6-31 = 60, it is necessary to know c. 

In most experiments c is known; in Exps. 563, 566, its value was doubtful owing to changes 
which pyruvic acid appears to undergo at slightly alkaline reaction. Clift and Cook [1932] heat 
in alkaline solution to remove bisulphite-binding compounds other than pyruvic acid, and we have 
found that over-neutralisation with NaOH has little effect upon the pyruvate provided that the 
solution is dilute. But direct addition of N NaOH to pyruvic acid, a procedure adopted in some 
experiments to minimise volume, may be attended by 50 % changes in bisulphite-binding power. 
This was not realised at first. 

In Exps. 563 and 565, where low values were obtained for the titration of bisulphite -binding 
substances, we have substituted for c by use of the equation 

(c-aj^k^ (3). 

Other known errors in estimating the final quotient lie in the initial 12 minute period in which 
pyruvic acid disappears and the oxygen uptake is not estimated. In general this will not be 
serious, as it affects both P. and P. + V., and the oxygen uptakes differ less at first than afterwards. 

The extra amounts of pyruvic acid disappearing are of the same order 
though larger than those with lactate, though the extra oxygen uptakes are 
very similar in the two sets of experiments, i.e. the eatatorulin effect is not 
changed hv the substrate. Addition of lactate to pyruvate also caused no 
change in behaviour in Exp. 567. The consistent vitamin effect with pyro- 
phosphate present is in striking contrast to the earlier work of Meiklejohn 
et al. [1932], who found in absence of pyrophosphate an abnormally lowered 
respiration with pyruvate and a most variable vitamin effect. From this it 
was concluded that pyruvate was not a stage in the oxidation of lactic acid, 
and that another factor was needed to secure pyruvate oxidation. That the 
failure to interact was not due to blockage by excess lactate in the avitaminous 
brains was proved by the use of iodoaeetic acid. The lowered respiration has 
been a constant feature of these experiments, but the consistency of the cata- 
torulin effects indicates that pyrophosphate takes the place of the missing 
factor. 

Pyruvic acid is the first organic substance which has been proved to disappear 
in vitro as the result of action of vitamin B ls this change accompanying the 
extra oxygen uptake. Much of the evidence presented up to this point is con- 
sistent with the idea that the vitamin acts directly upon the pyruvate. We 
hesitate to take this at its face value. In spite of the constancy of oxygen uptake, 
there is not much agreement between the 0 2 /P.A. values. Though the errors 
involved in the estimation of small differences admittedly reach a high value in 
Table V, the variations appear to be outside the limits of error. It must be 
remembered that in the earlier experiments, the vitamin effect failed with 
pyruvate in tissue which reacted in presence of lactate. Further we have 
found in a few experiments at 6-6 that pyruvate functions in place of pyro- 
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phosphate in inducing good oxygen uptake with vitamin, but the disappearance 
of pyruvate and hence the ratio is again variable (Table VI). (Of. Peters and 
Sinclair [1933] for behaviour at p B 6-6.) 

Table VI. Respiration in pyruvic acid at p ff 6-6 ( estimated as B.B.S.). 







P. 




P.4 

-V. 




Initial* 

Weight* Pyruvate 

Pyruvate 
* ' dis- 

0 2 ' 

uptake 

Weight* 

Pyruvate* 

Pyruvate 

dis- 

Go 

uptake 

Exp. 

pyruvate 
' " mg. 

ti 

ssue 

g* 

(2 hours 
mg. 

appearing 
mg. per g. 

/d. per 
g* 

tissue 

g* 

(2 hours) 
mg. 

appearing 
mg. per g. 

pi. per 

g. 

563 

(b) 

[9*81] 

0* 

2454 

8*7 

[4*6] 

1060 

0*1991 

8*5 

[6*5] 

1820 

570 

(a) 

11*95 

0 

2194 

10*5 

6*6 

1410 

0*1949 

9*9 

10*5 

2425 

572 

(a) 

11*5 

0* 

2633 

10*4 

4*2 

1270 

0*2519 

9*7 

7*15 " 

1800 


(b) 

11*5 

0 

1785 

10*4 

6*15 

1215 

0*1972 

10*1 

7*1 

1715 

575 

(«)t 

[o*l] 

0* 

1866 

4*35 

[4*6] 

1220 

0*1866 

4*15 

[5*0] 

1505 


(6)f 

— 

0* 

■1858 

4*15 

[4*6] 

1165 

0*2001 

3*96 

[5*8] 

1600 


Summary. 


Exp. 

Pyruvate 

ing./g. 

0 2 fil./g. 

o 2 /p.a. 

563 (6) 

-1*9 

4* 760 

400 

570 (a) 

-3*9 

4-1015 

260 

572 (a) 

-3*0 

4- 530 

180 

(b) 

-1*0 

4- 500 

500 

575 (a ) f 

-0*4 

+■ 2S5 

700 

m 

-1*2 

4- 435 

360 


* Expressed per sum of duplicate bottles, 
f Lactate also present. 

(a) Without pyrophosphate. 

(b) With pyrophosphate. 

The balance of the evidence inclines to the view that pyruvate disappearance 
is really consequent upon some other change, and that the vitamin catalyses some 
other reaction. The sum total of these reactions indicates that about two 
molecules 0 2 are taken up for one molecule of pyruvic acid disappearing; the 
average ratio for the lactate experiments is 660 pl./mg., for pyruvate 450 /xl./mg. ; 
calculated for quotient 2 mol. 0 2 /l mol. P.A, = 506. 

According to Sinclair [1933] the r.q. for the extra oxygen uptake due to 
vitamin in lactate -phosphate solution is 1*6. Hence the average for lactate 
(660 = 2*5 mol. 0 2 approx.) should give 3*75 mol. C0 2 per 1 mol. pyruvic acid 
disappearing. 

For complete oxidation we should have 

CH 3 . CO . COOH + 50 = 3C0 2 + 2H 2 0, 

and n.Q. = 1*2. There is therefore evidence that more C0 2 is being evolved than 
is required for complete combustion of the pyruvic acid, which indicates entry 
of some other substance into the oxidation system. 

We have the curious paradox that at 7*3 pyrophosphate seems to be needed for pyruvate 
extra respiration, whereas at 6*6 pyrophosphate is required for lactate extra respiration; at 
this p H however pyruvate will function in place of pyrophosphate in restoring catatorulin effect 
in the presence of lactate. In this complex effect, there appears to be no co-operation of a-glycero- 
plxosphate [Peters and Sinclair, 1933], which might have been expected upon the Meyerhof 
scheme. It is possible that both pyruvate and pyrophosphate are acting as H acceptors at pu 6*6. 
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The substance formed from pyruvate in the avitaminous brain is not yet 
known. Since Meiklejohn [1933] showed that there was no change in lactate 
accompanying the extra 0 2 uptake, and since there is some variation in the 
ratio 0 2 /P.A. 3 it seems to be unlikely that lactate is the main substance. In any 
case, such a conversion involves a reduction. 

The simplest explanation of the accumulation of pyruvic acid in the avita- 
minous tissue and its disappearance in presence of vitamin B 1 is that pyruvic 
acid is a normal intermediary stage in some phase of carbohydrate metabolism. 
This is in essence the Embden-Meyerhof view. The phenomena embodied in the 
new anaerobic fermentation schemes evidently take some part in aerobic 
respiration too ; according to Meyerhof and Kiessling [1933] fluoride should 
interfere with the appearance of pyruvic acid from phosphoglycerate, and iodo- 
acetate with its disappearance. Consistently with this, we find that no increased 
pyruvate appears in normal brain tissue respiring in lactate, though a large 
increase occurs in the presence of iodoacetate (see Exps. 541 and 592, Tables I 
and VII). Fluoride (Exps. 535, 580, Table I) much reduces the pyruvate formed 

Table VII. 

Normal brain . 

(Hours) 


espiration 

Substrate 


-1 

A 

Mi 

1H 

Total 
(2 hours) 

Ws-) 

L. 

2660 

2360 

1900 

1430 

4170 


L. +iodo. 

2460 

1580 

870 

340 

2625 


L. + fluoride 

1470 

1310 

715 

520 

2005 

Substrate 

B.B.S. 

Pyruvate estimations. 

Tissue 

2:4-dinitro. % weight 

- P.A./g. 

0 2 

L. 

0*315 

0-255 

81 

0-170 

1-5 

4170 

L. 4- iodoacetate 0-665 

0-512 

77 

0-185 

2-77 

2625 

L. + fluoride 

0-132 

— 

— 

0-0792 

1-33 

2005 


L. - L. + iodoacetate. 

Ratio 0 2 /P.A. =825. 




by avitaminous brain in lactate solutions. Both poisons reduce the 0 2 uptake. 
Other known origins for pyruvate can probably be dismissed with exception of 
oxaloacetic acid [Krebs, 1933]. Origin from alanine seems mainly confined to 
kidney [Krebs, 1932], and that from lactic acid [Banga et al. 1932; Barron and 
Hastings, 1933] is not blocked by fluoride (personal communication from Dr E. 
Boy land). The appearance of pyruvate during respiration of brain tissue in vitro 
and its inhibition by fluoride provide evidence of the re-entry of lactate into 
some fermentation system; consideration of this must be postponed until we 
have more precise data of the action of these poisons upon the catatorulin effect. 

Note. The figures throughout are given in terms of tissue wet weight, and 
not as Q 02> because there seems to be no advantage in the use of this symbol in 
this comparative work. The values can be readily translated by considering the 
dry weight to be 20 % of the wet weight values. Q O2 = 10 = 2000 ml/g. 

Summary. 

1. Disappearance of pyruvic acid and of bisulphite-binding substances 
accompanies the extra oxygen uptake induced by the . action of crystalline 
vitamin B x in pigeon’s brain tissue respiring in vitro. Esti m ations have been 
made by the method of Clift and Cook and by a modified Case method. 
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2. Pyruvate also disappears when substituted for lactate. 

3. The average value for the quotient extra 0 2 uptake /pyruvic acid dis- 
appearing approximates to 506, representing 2 mols. 0 2 taken up to 1 mol. pyruvic 
acid disappearing, but there are wide variations, which lead to the belief that 
disappearance of pyruvate is an indirect effect of vitamin action. 

4. The phenomena are consistent with the view that pyruvic acid is a normal 
intermediary in the metabolism of pigeon's brain tissue. In agreement with 
the Embden-Meyerhof fermentation scheme, it accumulates with respiring normal 
brain tissue in presence of iodoacetate and not of fluoride. 

We are indebted to Mr H. W. Kinnersley for a supply of the vitamin solutions, 
to R. W. Wakelin for skilful help and to the Medical Research Council for 
grants in aid of the research. 
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Note added in proof by R. A. P. In a recent paper [Birch and Mann (1934), Biochem. J . 28, 622] 
it is stated that we assumed that the oxidation affected was that of lactic acid. Reference to 
the papers in question, particularly Gavrilescu et al. [1932, p. 445], will convince that we were 
pedantically careful to write oxygen uptake in presence of lactate. In regard to the later criticism 
of the conclusions drawn from the previous pyruvate experiments, these authors seem to have 
overlooked the important point that some of the experiments then performed showed only trifling 
increases with pyruvate and vitamin as compared with pyruvate alone. Later in their paper, they 
refer to our original statement that 1/10 pigeon dose produced a maximum increase. Unfortunately 
this has not been corrected in print, though a correction can be inferred from reference to Passmore 
et al. [1933], 'where about 1/2 pigeon dose produced a nearly maximum effect. The crude preparation 
originally used was found upon subsequent test to contain more vitamin than had been supposed. 

The melting-points in the above paper are corrected. There is some doubt in the literature as 
to the exact melting point of pyruvic acid 2:4-dinitrohydrazone. The most usual figure obtained 
is 216°. We have, however, had in our hands a specimen which melted at 218°. It is hoped that 
sufficient of the compound from the lactate experiments may become available for further con- 
firmation by analysis. 
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Of the components of the vitamin B complex, three have been considered 
necessary for the nutrition of the pigeon: vitamins B 1? B 3 and B 5 . Williams 
and Waterman [1928] reported that pigeons on a diet deficient in the vitamin B 
complex required for weight recovery a water-soluble, heat-labile factor. This 
factor differed from the antineuritie vitamin B 1 and the alkali-stable rat factor 
B 2 . Their belief in the existence of this factor was based on the observation that 
the addition of a special activated fullers’ earth preparation of vitamin B^^ cured 
polyneuritis and checked the decline in weight of birds on deficient diets but 
failed to restore weight even when large doses were administered. Autoclaved 
yeast given as a further supplement had no effect, whilst dried yeast produced a 
gain in weight. Substitution of the synthetic diet for whole wheat also caused a 
similar increase. The factor postulated to explain these results was designated 
vitamin B 3 . 

Confirmation of the views of Williams and Waterman came from several 
sources. Random and Lecoq [1926] had previously stated that pigeons required 
in addition to vitamin B x a growth-promoting factor which was destroyed by 
autoclaving in an alkaline medium. In discussing vitamin B 3 , Lecoq [1931*] 
expressed the opinion that it was identical with the nutritional factor of Random 
and Lecoq. Carter et al. [ 1930 ] produced evidence which suggested that the 
pigeon needed, besides vitamin B 1 and B 3 , a third alkali-stable factor, vitamin B 5 . 
At the same time, they supported the claims of Williams and Waterman by 
showing that amounts of vitamin as large as 20 pigeon day doses caused no 
gain in weight in birds on polished rice. The possible existence of some such 
factor as that postulated by these workers needs consideration since it offers an 
explanation of the fact that quite large doses of concentrates of vitamin B 1 are 
required together with vitamin B 3 to cause weight increase. Further, Eddy et al. 
[1930] thought that the factor B 3 was essential for the normal growth of the 
chick as well as the pigeon. They also demonstrated the extreme lability of 
vitamin B 3 to heat and alkali. 

Williams and Eddy [1931] jointly stated that vitamin B 3 was nothing more 
than an abundant supply of vitamin B x , ten to twenty times the antineuritie 
dose. Nevertheless, they could not be certain that their purest preparation of 
vitamin Bj was free from B 3 . Them opinion was supported by the work of 
Morris [1933], She showed that the properties of vitamin B s were very similar 
to those of vitamin B x and that pigeons on a diet of autoclaved whole wheat 
gained in weight when given large doses of vitamin R x . 

In view of the statement of Williams and Eddy, it was considered desirable 
to report such evidence as we had obtained hi an attempt to elucidate the 
problem of vitamin B 3 . The results suggest that pigeons utilise in addition to the 
vitamin B x a factor for weight restoration. We found that supplements of large 
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doses of vitamin B x concentrate given to birds on a polished rice or autoclaved 
whole wheat diet had no effect upon their weight. Moreover, it was possible to 
prepare a concentrate of vitamin B 3 which retained its antineuritic curative 
properties when its weight-restorative potency had been destroyed. Preliminary 
experiments tend to indicate that the vitamin B 3 effect is not to be attributed 
to an insufficiency of protein in the basal diet. 

Method of assay . 

The adult pigeons, used in this investigation, were fed on polished rice, 
autoclaved at 15 lbs. for 3 hours to destroy completely vitamin B x . They were 
weighed every alternate day at 4 p.m. Twice weekly, they were given by 
mouth 8-10 drops of cod-liver oil as a supply of vitamins A and I). It has been 
stated that' pigeons do not require vitamin C [Sugiura and Benedict, 1923], 
which is supported by the fact that vitamin C concentrates prepared from lemon 
juice as a source of vitamin B 3 had little effect. On the diet, the birds dropped to 
60-70 % of their maximum weight in a space of 14-21 days which approximates 
to the length of the storage period of the B 3 factor. To ensure the depletion of the 
factor, the birds were taken to maximum weight on whole wheat or by additions 
of 1 g. dried yeast or 3 g. wheat germ daily and then dropped a second time on 
polished rice. They were now given by mouth 3 doses of vitamin B x daily in the 
form of an alcoholic concentrate prepared according to the method of Kinnersley 
and Peters. This alcoholic concentrate is considered to contain, together with the 
antineuritic vitamin B x , the factor B 5 , the rat factor B 4 , and possibly also the 
factor Y of Chick and Copping [1930]. Throughout the present communication, 
when speaking of vitamin B l5 we refer to the impure alcoholic concentrate. 
Under these conditions birds can be maintained at surprisingly constant weight 
far below their maximum for periods as long as 6 months, the fluctuation in 
weight being never greater than + 5 g. This weight maintenance has been 
observed with 60 birds and amply supports the findings of Carter et al. [1930]. 
Under such treatment the birds develop no symptoms peculiar to vitamin B 3 
deficiency. The only ill effects seen so far have been occasional cases of birds 
showing ruffled feathers, lassitude and loss of appetite. 

Concentrates and foodstuffs to be tested can now be given into the crop by 
pipette. Groups of 5 birds were employed to test any preparation. It is to be 
noted that although three doses of vitamin B x suffice for weight maintenance, 
experiment shows that at least six are necessary in conjunction with a vitamin B 3 
preparation to promote weight recovery. 

Results. 

The richest sources of the factor B 3 proved to be wheat germ and dried yeast. 
The effect of these supplements on weight is illustrated in Fig. 1 where it is 
seen that doses of 3 g. wheat germ and 2 g. dried yeast produce a weight recovery 
practically equal to that obtained on replacing by whole wheat a diet of polished 
rice supplemented bv vitamin B 1 (Fig. 2). Some gain in weight was caused by 
egg-yolk and to a smaller extent by malt extract and marmite. No effect was 
seen with egg-white in doses equal to 1 egg per day, liver powder or milk 
(50 ml. /day) even when the dosage of vitamin B, was increased to ten times the 
antineuritic dose. 

The restorative effects on weight of the wheat germ and yeast could not .be 
reproduced bv supplying the birds with large doses of the concentrate of Kin- 
nersley and Peters. 'Doses of vitamin B, of forty times the curative amount 
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have had no influence upon weight. Such doses would presumably contain 
adequate supplies of the other factors present. A concentrate of vitamin B 2 
was prepared from aqueous extract of yeast by lead precipitation. The pre- 
cipitate was decomposed by warming with sulphuric acid, and the last traces of 


Fig. 1. Weight recovery with wheat germ and dried yeast. Typical curves obtained on giving dried 
yeast (curve 1 A) or wheat germ (curve 2 B) to birds on polished rice + 6 doses vitamin B x . 

Fig. 2. Weight recovery with whole wheat. Curve 1 shows drop in weight of bird on polished rice. 
At A, 3 doses B x are given. Curve 2 shows a similar case. At B, a whole wheat diet is sub- 
stituted for polished rice + 3 B x . 

lead were removed by H 2 S. The solution obtained was inactive as a source of 
vitamin B 3 in doses four to five times the amount required to cure young rats 
of dermatitis and to promote growth of 15-20 g./week. From these experiments, 
it was concluded that none of the factors investigated was responsible for the 
vitamin B 3 effect. 

Preparation of vitamin B 3 extracts. 

Attempts were made to prepare extracts of vitamin B s from foodstuffs 
normal to pigeons’ diets — maize, com, wheat. Aqueous and alcoholic extracts 
were inactive as supplements. Similar extracts of yeast were likewise without 
activity. It was found that yeast extracted with 97 % alcohol at 40° retained 
only 50 % of the original vitamin B 3 activity. Slight activity was shown by 
extracts of grains prepared by means of acidic solvents. These observations led 
to the conclusion that vitamin B s was being held in some form of chemical 
combination insoluble in the usual solvents. More drastic chemical treatment 
was therefore attempted to liberate the factor, the most successful being acid 
hydrolysis. Potent extracts were obtained by hydrolysis of wheat germ and 
dried yeast. ' 

The wheat germ extract was prepared hi the following manner. Wheat germ 
was extracted three times at 60° with 97 % alcohol and dried in air. Batches of 
75 g. were hydrolysed with 300 ml. N H 2 S0 4 by vigorous boiling under reflux 
for 6 hours. The mixture was filtered while hot and cooled. The main bulk of the 
sulphuric acid was removed by the addition of baryta or barium carbonate 
until the was about 2. Before dosing, these concentrates were brought with 
NaOH to 6*8. Given in doses equivalent to 3 g. of wheat germ, the hydro- 
lysate caused an immediate increase in weight in pigeons (Fig. 3). 
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The properties of the extracts are as follows: There is present little or no 
protein matter, since the usual protein reagents, trichloroacetic acid, alcohol, 
sodium tungstate, ammonium sulphate and sodium sulphate caused negligible 
precipitation under varied conditions. Amino-acids are present together with 
some reducing substances. The extracts contain vitamin B 1 . Tests on two groups 
of 5 birds in head retraction showed th at 
on an average, there are 4-5 doses of B x in 
one dose of hydrolysed -wheat germ. The 
peculiar property of the extracts is the / 

rapid loss in vitamin B 3 activity on stand- * V 

ing at room temperature or in cold store ^ / 

for 6-8 days. In Fig. 3, it is seen that a * f 2 

rapid rise in weight occurs with a freshly / 

prepared hydrolysate followed by decline £ t K 
or maintenance in weight. The addition of ^ A 8 ' / V 

another fresh extract renews the weight / 

increase. ^ x 

It seemed probable that the inactiva- 4 t 
tion of vitamin B 3 arose from oxidation. ‘ ^ 

Such a view was supported by the fact , , ^ 

that when air was drawn through the 

hydrolysed wheat germ preparations at Weigtlt recovery with hydrolysed 

J . / _ . J 1 w , „ wheat germ. Curve 1, control bird on 

p H 2 for 1 hour almost complete loss of polished rice + 6 doses B x . Curve 2, bird 
activity was observed. Similarly, after receiving in addition dose of hydrolysed 

treatment with hydrogen peroxide under wheat germ == 3 g. wheat germ daily. The 
. , -..y b n r . , arrows indicate fresh preparations of iiy- 

the same conditions, the extracts pro- drolysate. 

duced no effect on weight. Further, the 

loss in activity can, to some extent, be inhibited by bubbling nitrogen through 
the mixture during hydrolysis and storing the preparations in nitrogen or in 
vacuo. By such procedure, the activity can be preserved for 10-12 days. Other 
attempts at preservation with carbon dioxide atmospheres, however, caused 
inactivation. Little success was obtained with the addition of reducing sub- 
stances such as sulphite as preservatives. The vitamin B x content is unimpaired 
by oxidation with air; tests on a group of 5 polyneuritic birds revealed that the 
original 4-5 doses of vitamin B x per dose of hydrolysate were retained. 


Attempts at fractionation of vitamin B ?j preparations . 

The very labile character of vitamin B 3 has rendered difficult attempts to 
prepare more potent extracts. As mentioned above, protein precipitants are 
useless. Fractionation with phosphotungstic acid and mercury salts have also 
proved unsatisfactory. With lead acetate, on some occasions, at least 50 % of 
the activity has been precipitated but the results have been so variable that it 
was impossible to use this reagent. It can be concluded from these experiments 
that the factor B 3 behaves quite differently from vitamin B x . 

Behaviour of vitamin B z towards heat. 

Eddy et al. [1930] considered that vitamin B 3 was extremely heat-labile, 
being destroyed at temperatures above 60°. On the other hand, Carter et al. 
[1930] state that the vitamin B 3 potency of whole wheat is not completely 
destroyed after 5 hours 5 steaming. The conclusions reached by these two groups 
of workers are directly contradictory. From our experiments, in its behaviour 
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towards heat the factor B 3 is somewhat similar to vitamin B i in that it is more 
susceptible to moist than to dry heat. We have shown that vitamin B 3 resisted 
boiling with N H 2 S0 4 for 6 hours, which indicates a stability greater than would 
be expected from the results of the American workers. We have also observed 
that complete destruction of the factor occurred on autoclaving whole wheat, 
wheat germ and yeast at 120° for 3 hours while heating these materials at 
120-160° for 2 hours hardly impaired the activity. The divergent results of different 
investigators suggest that the stability of vitamin B 3 is probably dependent 
upon its state of combination in the foodstuff. 



The relation of protein to the vitamin B s effect. 

Considerable criticism has been levelled at the postulation of factors other 
than vitamin B x being essential for maintenance nutrition of pigeons, on the 
basis that the experimental diets were not always adequate in respect to other 
nutrients. The use of polished rice as a basal diet has been particularly con- 
demned. The question of an insufficiency of mineral salts and other vitamins 
does not arise in our experiments. Further, the caloric requirements are satisfied. 
Food intakes were measured, and it was found that a pigeon on a polished rice 
diet receiving 6 doses daily of vitamin B x ingested 20 g. daily, the caloric value of 
which is 71. On a whole wheat diet, which supplies all the essentials for pigeon 
nutrition, a bird will consume 25 + 5g. daily; calorie value 86 + 17. Sugiura 
and Benedict [1923] found that pigeons could be maintained on 20 g. of a syn- 
thetic diet of a caloric value of 70. The discrepancies in the caloric values of the 
amounts of different diets consumed daily are hardly sufficient to explain the 
failure of vitamin B x concentrates to restore weight in pigeons on polished rice. 

Since the low protein content of polished rice might be responsible for 

the failure, experiments were made in 

which protein was given to birds. 2 g. of 
caseinogen were given daily to birds on 
rice supplemented by 6 doses of vitamin 
B 3 . No response was observed. When, ■ f/ 

however, the dosage of vitamin B 1 was Jf 

doubled, rapid increase in weight was seen -g ‘T ^ /m 2 

in the first 4-7 days of the experiment -| D V // * 

followed by large fluctuations in the next ^ a| 

7 days. Two groups of 5 birds were used in |f - y 

the experiments and in no case was a rise w ~*~*~*^?f* 1 

to maximum weight obtained. In another : If 2 g. caseinogen 

series of experiments, 2g. caseinogen were t 

given to birds receiving hydrolysed wheat ' 10 tIays 

germ equivalent to 3 g . wheat germ daily , , 

in addition to the vitamin B, supplement. Kg . 4 . Ca^inogen supplements. Curve l. 
Complete recovery to maximum weight control bird on polished rice 4 - 6 doses B x 

was obtained (Fig. 4). In Fig. 4, it is shown daily. At A, 2 g. caseinogen given daily. 

the weight Mere,*, ceased „he„ the g^gSt 5USS£S?,S5 

Vitamin B 3 concentrate lost its activity. germ 4 - 2 g. caseinogen daily. The arrows 

Morris [1933] has tried to overcome indicate iresh preparations of hydrolysate 

the difficult, of the imufficiepo, of pro- llt=“ :" d 

tern by the use 01 autoclaved whole wheat 

as a basal diet. She obtained recovery in weight by giving doses of vitamin B x 
roughly six to twelve times the dose curative of polyneuritis, and concluded that 


control bird on polished rice + 6 doses B x 
daily. At A, 2 g. caseinogen given daily. 
Curve 2, birds 011 polished rice + 6 doses 
B x + hydrolysed wheat germ = 3 g. wheat 
germ - 1 - 2 g. caseinogen daily. The arrows 
indicate fresh preparations of hydrolysate 
given when decrease in' weight occurred 
with loss in activity of vitamin B s . 
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the vitamin B 3 effect was probably a function of a large quantity of vitamin B x . 
Our experience differed from that of Morris. A group of 10 birds was placed on 
whole wheat autoclaved at 120° for 3 hours, and when they had dropped to 
60-70 % of their maximum weight, they were given 6 of doses vitamin B 3 daily. 
After slight fluctuations, the weights of the birds became constant. No recovery 
in weight was observed on increasing the amount of vitamin B x to 30 pigeon 
day doses. The disagreement of the results of our experiments on caseinogen 
supplements with those of Carter [1934] and the failure to confirm Morris on 
autoclaved wheat are possibly connected with fuller depletion of factors in the 
preparation of the birds used here, but the matter requires further investigation. 



Discussion. 

From the experiments so far made, it appears that some factor is required 
for weight restoration by a pigeon on a diet of polished rice supplemented by 
an alcoholic concentrate of vitamin B x . The nature of this factor is doubtful. 

Our results certainly fail to substantiate the statement of Williams and Eddy 
[1931] and of Morris that vitamin B 3 is merely an abundance of vitamin B u 
many times the dose curative of polyneuritis. The fact that pigeons rise rapidly 
in weight when removed from polished rice to whole wheat is difficult to reconcile 

■with this view. The daily intake of a bird on -wheat would scarcely provide it bj 

with such large doses of vitamin B x . Hydrolysed wheat germ contains a factor 

which can be distinguished from vitamin B t by its instability to oxidation. The 

mode of preparation of the extract together with its properties suggest that the 

factor may be an amino-acid. It may, in fact, be one or more of the known 

amino-acids which, owing to the nature of the extract, break down readily on 

oxidation. But no evidence has yet been obtained by us in experiments in which 

known amino-acids such as histidine (20 mg. given daily to 2 birds), tryptophan 

(20 mg. daily to 2 birds), or cystine (50 mg. daily to 3 birds), present in negligible 

amounts hi polished rice, have been administered together with vitamin B x | 

that such a view is correct. In fact, the experiments with caseinogen supplements 
suggest that the vitamin B 3 effect does not arise from a faulty basal diet. 


Summary. 

1. Supplements of 20-30 doses of vitamin B x fail to restore the weight of 
pigeons on a polished rice or autoclaved whole wheat diet. 

2. Extracts can be prepared from wheat germ which restore the weight of 
pigeons on polished rice supplemented by vitamin B x . These extracts are 
inactivated by oxidation. 

3. Birds on polished rice + 6-12 doses daily of vitamin B x fail to recover 
weight when given 2 g. caseinogen daily. 

4. It is concluded that the pigeon requires in addition to vitamin Bj a 
factor to restore weight. 


I wish to express my thanks to Prof. Peters for his advice and criticism 
throughout this work and to the Department of Scientific and Industrial Research 
and the Medical Research Council for grants. 
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CXXXIII. MAINTENANCE NUTRITION IN THE 
PIGEON AND ITS RELATION TO 
HEART BLOCK. 


CYRIL WILLIAM CARTER. 

From the Department of Biochemistry , Oxford. 

(Received May 5th, 1934.) 

In a previous paper [Carter, 1930] it was shown that pigeon heart block which 
develops on a diet of polished rice could be cured if the birds received daily 
rations of whole wheat constituting not less than about 60 % of the total food 
intake. Vitamins Bj and B 2 and the fat-soluble group of vitamins were found 
to be ineffective in restoring normal heart function when administered as supple- 
ments to the diet of polished rice. Heart block in the pigeon is therefore a 
condition of dietary origin. The question remains whether it is due to the 
deficiency of a specific factor as is the case in polyneuritis, or whether it arises 
from a deficiency of one or more of those factors which contribute to main- 
tenance nutrition at maximum weight. 

In some experiments to be described it will be shown that pigeons previously 
depleted on a diet of polished rice can, in a majority of cases, be restored to 
maximum weight by appropriate supplements to this diet without inducing any 
recovery of normal heart function. Substitution of an extract of hydrolysed 
wheat germ for the supplements results in a complete recovery from heart 
block without further significant change in weight. It will be further shown that 
birds previously brought to maximum weight on whole wheat can be maintained 
at this level on a diet which fails to protect them from the onset of heart block. 
The fact, previously recorded, that birds depleted on polished rice, when fed on 
whole wheat generally recover normal heart rhythm at a time when restoration 
of bod} r weight is far from complete, has been confirmed. Finally the protein 
intake of birds on a polished rice diet has been examined, and its significance in 
relation to the problem of pigeon nutrition is considered. 

Method . 

Birds under test were kept singly in small cages in order to obtain measure- 
ments of the food intake. Observations on body weight were made at the same 
time each morning in order, as far as possible, to avoid fluctuations due to 
variations in the amount of food present in the crop. Heart rate and rhythm 
were noted at frequent intervals. 

The source of vitamin B 1 employed was a yeast concentrate prepared 
according to the method of Ennnersley and Peters [1927] by the extraction of 
activated norite charcoal with 50 % acid alcohol 1 . In all cases cod-liver oil 
has been given at regular intervals. Caseinogen (Glaxo, cc Vitamin B-free ) was 

1 This partially purified concentrate may contain, in addition to vitamin B 1? another factor, 
vitamin B 5J which has been suggested as being necessary for the pigeon [Carter et al, 1930]. 
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extracted continuously in a Soxhlet apparatus with 90 % alcohol for 48 hours 
and dried. It has been assumed in this paper that caseinogen treated in this 
manner provides a source of protein free from possible contaminating substances 
which might influence the nutrition of the pigeon. Before administration by 
pipette portions of 2 g. w T ere weighed out, suspended in 20 ml. Ringer solution 
and brought to p H 7-0 by addition of caustic soda. Hydrolysed wheat germ was 
prepared by heating for 3 hours with N hydrochloric acid and filtering hot on 
a Buchner funnel. This method, which differs from that employed by O’Brien 
[1934], was used daily to prepare the extract in order to avoid the possibility 
of its deterioration on standing in air. 

Experimental. 

The earlier experience of the effect of marmite, which in daily doses of 1*5 g. 
administered over periods of 30 days and upwards showed curative activity in 
regard to heart block in a certain proportion of cases, prompted a hope that the 
factor concerned might be fractionated from yeast. The negative results which 
have invariably been obtained with vitamin B x concentrate suggested that pre- 
parations from the precipitate which appears on treatment of an aqueous yeast 
extract with basic lead acetate might be effective. The results have unfortunately 
been variable and do not at present justify detailed consideration. 

The lead precipitate, after treatment with sulphuric acid followed by 
hydrogen sulphide to remove all traces of lead, when administered to pigeons fed 
on polished rice is entirely without influence either in preventing decline in 
weight or in improving the heart condition. In an experiment in which this 
extract was supplemented by daily doses of an antineuritic concentrate together 
with 2 g. caseinogen 2 birds showed restoration of normal heart function within 
20 days, while in another bird definite improvement though incomplete cure 
was noted. In all three cases there was gradual recovery over a period of 
50 days to maximum weight. Repetition of this experiment with similar 
treatment resulted in complete cure of heart block in one bird, partial recovery 
in a second, and no improvement in a third. Restoration to weight maximum 
was observed in two of these birds while in the third the rise of weight, though 
substantial, failed to reach that obtained on whole wheat. 

These preliminary experiments made it important to ascertain whether the 
induction and cure of heart block could be dissociated from factors associated 
with maintenance or restoration of normal body weight. 

Effect of yeast concentrate and caseinogen on pigeon nutrition . 

A group of 8 birds was placed on a diet of polished rice for periods varying 
from 12 to 24 days. During this time the usual fall of weight and onset of heart 
block occurred. In one case acute polyneuritis developed before treatment was 
commenced. There is at present insufficient evidence to indicate whether variation 
in the duration of the depletion period has any influence on the subsequent 
response. A control group of 3 birds was given daily doses of a vitamin 
concentrate in amounts equivalent to 12 units daily. 

Table I and Big. 1 show that the progressive decline in weight is arrested 
and that there is some rise which is less marked than that observed with birds 
receiving in addition a daily supplement of 2 g. caseinogen. This confirms 
previous experiments in which maximum weight has not been fully restored 
by supplements of yeast concentrate or marmite to the basal diet of polished 
rice. 
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Table I. Effect of polished rice and 12 units vitamin B 

Weight after Duration 

Maximum depletion on of 

weight polished depletion 

g* idee days 


Duration of 
curative 
period 
days 


Final 

weight 


12 units Bi 


12 units Bj-f 2 g. caseinogen 


Table II records similar data for those birds on polished rice receiving daily 
12 units of vitamin B, and 2 s. caseinogen. 


Table II. Effect of polished rice supplemented by 12 units vitamin B x and 

2 g. caseinogen. 

Weight after Duration Duration of 

Maximum depletion on of curative 

weight polished depletion Final period 

Bird g. rice days weight days 

401 324 26S 12 325 59 

357 376 247 24 380 53 

722 468 286 24 398 57 

622 392 26S 15 376 54 

485 390 285 15 380 54 


It will be seen that of these birds only one, No. 722, failed to reach maximum 
weight in the course of the experiment. In this respect their behaviour is in 
agreement with that of the birds in the earlier experiments. 

In another experiment 2 birds, previously brought to maximum weight on 
mixed corn, were placed on polished rice supplemented by 2 g. caseinogen and 
12 units of vitamin B x daily. After an initial fall of weight of 28 and 16 g. 
respectively during the first 4 days there was almost no change throughout the 
experimental period which lasted for 37 days (Table III). 

Table III. 

Day Bird 622 Bird 485 

Initial maximum weight 0 418 434 

Weight after commencement 4 402 406 

of experimental diet 10 405 411 
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The rather unexpected result of these experiments raises a number of points 
of interest. In the first place the rise of weight to maximum is notably slow in 
comparison with the rise seen on whole wheat. Of the birds referred to in 
Table II full weight was not attained in two cases until the 40th day while in 
another it was delayed until the 59th day. This is about four times as slow as in 
the case of whole wheat. The fact that the weight rise is so gradual under these 
conditions raises the possibility that experiments of short duration may lead to 
misleading conclusions. 

While the attainment of maximum weight upon a given diet may, subject 
to the possibility of storage of essential factors during the initial* depletion 
period, be justifiably held to indicate that such a diet is “adequate 55 for full 
nutrition it does not necessarily follow that it contains a satisfactory balance of 
essential dietary constituents such as is present in whole wheat. In two respects 
a diet of polished rice may be ill-balanced. In 4 birds it was found that daily 
administration of 6 units of vitamin B x was inadequate with caseinogen, whereas 
an increase of dosage to 12 units sufficed to promote slow continued rise of 
weight. This large daily requirement of vitamin B x may be more apparent than 
real since the concentrate in which it is administered is also the source of 
vitamin B 5 , another essential dietary constituent for maintenance in the 
pigeon, and it is possible that the latter may here be a limiting factor. On the 
other hand, as suggested by Williams and Eddy [1931], there may be a real 
difference in the requirement of vitamin Bj for cure of polyneuritis and for 
maintenance of full nutrition. Morris [1933]’ claims that, with a basal diet of 
autoclaved wheat, the dose of a vitamin Bj. concentrate necessary to effect 
complete weight recovery after depletion exceeds the dose required for cure of 
polyneuritis by an amount which varies from six to sixteen times with different 
types of yeast concentrate. On the other hand where the basal diet is one of 
polished rice full recovery does not occur even if as much as 30 curative doses of 
vitamin B 1 are administered daily [Carter et al., 1930]. The difference in the 
nature of the basal diet is important. The factor which appears to limit weight 
recovery oil polished rice supplemented by a yeast concentrate is a relative 
deficiency of protein. Moreover a difference in the type of protein available on 
diets of wheat on the one hand and polished rice supplemented by caseinogen 


Table IV. Average daily intake . 


Total 

cals. 

Wheat 79*23 

Rice with 5 units 71*42 
vitamin Bj 

Rice with 10 units 83*20 
vitamin B 1 

Rice with 12-5 units 85 *34 

vitamin B x 


i'd 880 Bird 110 

-A , \ 


A 

Days 

Totem on 
g. test 

Total 

cals. 

Protein 

g* 

2*50 9 

72*34 

2*29 

1*18 5 

— 

— 

1*37 10 

60*70 

1*00 

1*41 11 

55*34 

0*92 

Bird 622 


Total 

oals. 

Protein 

g* 

Days 

on 

test 

89-57 

85-0 

2*83 

3*15 

6 

52 


Bird HI 


Days 

on 

Total 

Protein 

Days 

on 

test 

cals. 

g* 

test 

11 

80*95 

2*56 

5 

— 

— ■ 

— 

— 

10 

59*27 

0*98 

10 

9 

71*42 

1*18 

10 


Bird 401 


Days 

Total Protein on 

cals. g. test 

2-61 
3*18 


Wheat- 

Rice with 2 g. caseinogen, and 
12 units vitamin R, 


82*7 

87*8 


6 

13 
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on the other may perhaps contribute to the difference in the time required for W v I 

weight recovery in the two cases. Table IV shows the calory and protein intake h , j 

for birds on diets of polished rice supplemented by a yeast concentrate, with and 1 

without addition of caseinogen. d 1 

Birds 110 and III show some diminution in their daily calory intake as || 1 

compared with that on whole wheat, whereas in the case of bird 880 this appears ft 1 

to be satisfactory. Sugiura and Benedict [1923] found, in experiments in which 1 

pigeons were forcibly fed on a diet containing 22 % caseinogen, that a daily I \ | 

intake of about 70 calories sufficed for normal growth and maintenance at full | 1 

weight. m I 

There is however hi all birds on a rice diet a substantial diminution of the l* 1 

daily protein intake. On the other hand birds 622 and 401, which rose to their lj 1 

maximum initial weight on a rice diet to which were added 2g. caseinogen in 1 | 

addition to the yeast concentrate, show daily calory and protein intakes which !) 1 

compare favourably with the intakes on whole wheat. P 1 

The biological value of the protein of polished rice lias been regarded by l; | 

Osborne et al. [1915] as high, but on the other hand its protein content is only if 1 

about 50 % of that of whole wheat. There is at present no information as to the ^ J 

minimum protein requirement for the pigeon at maximum weight and the figures j S 1 

for protein intake on a polished rice diet do not therefore prove that this intake | 

is inadequate. However, the fact that an additional protein supplement in the d I 

form of caseinogen to the basal diet enables the bird to regain full weight oj 1 

suggests that insufficient polished rice is consumed to meet its protein require- * ) 1 

ment. In this connection the observations of Aykroyd [1930], on the significance j| 1 

of partial protein deficiency in human beri-beri, may be mentioned. ^ 1 

It is desirable at this stage to define the sense in which the term “maximum 
weight” has been used in the preceding experiments. It is not here intended to | 

imply that maximum weight represents some fixed and constant level of 

nutrition for any particular bird, since the body weight at any given moment is I § 

determined not only by the nature of the diet which it is receiving but also by i J 

its past dietary history and doubtless by other factors. The birds, before experi- 
ment, are placed on mixed corn for some weeks, and during this time come into j- 

equilibrium at a weight which has been here termed “maximum.” If, after a 

period on an experimental diet having polished rice as its basis, the birds are I 1 

returned to whole wheat the new weight which is established is not necessarily 1 | 

identical with the former maximum. In some cases, examples of which will be I | 

seen in experiments with wheat germ, the new weight level somewhat exceeds J| 1 

the initial “maximum.” On the other hand a number of cases have been met | | 

with during the course of w r ork in this laboratory in which whole wheat or com J | 

fails to restore the full original weight level. It is not the purpose of this paper | 1 

to discuss the factors underlying these variations in maximum weight. The facts , | 

must be borne in mind in assessing the significance of the experiments with i 

caseinogen which have been described. | | 

Effect of vitamin B x and caseinogen on pigeon heart block. If I 

In the experiments described in the preceding section repeated observations f 1 

were made on the condition of the heart.. At the end of the initial depletion „ J 

period on polished rice irregularity of rhythm and bradycardia, which in some I 

cases was very marked, were observed. For example bird 722, after a depletion J 

period of 24 days, showed a fal 1 of heart rate from 200 per minute to 66 per minute. ^ ; | 

It has been frequently observed that some rise of rate is associated with , j 

rise of body weight though the persistence of irregularity of rhythm shows 1 
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that the underlying disorder of the vagus centres remains. In all the birds 
whose weights are recorded in Table II heart block persisted through the entire 
period of the experiment in spite of a weight rise to maximum in four of them. 
Table V shows records of the heart in two typical birds of this group. 


Table V. 


Days on 
experimental 
diet 

Heart rate and rhythm 

A 

Bird 722 

Bird 357 

0 

66 Regular 

112 Dropped beats 

4 

144 Dropped beats 

144 

9 

132 

164 

18 

144 

148 

26 

128 

164 

38 

148 

156 „ 

54 

128 

160 


In the experiment in which birds, having attained maximum weigl.it on a 
diet of mixed corn, were maintained at this weight on a diet of polished rice 
supplemented by easeinogen and vitamin B x concentrate, heart block developed 
at the 8th and 15th days respectively and persisted through the experiment 
lasting 37 days. 

These experiments show that normal nutrition as judged by weight tests can 
be established in conjunction with a dietary deficiency which is revealed by the 
presence of cardiac arhythmia. Experiments now to be described show that this 
deficiency can be supplied by a constituent of wheat germ. 

Effect of wheat germ on pigeon heart block. 

Table VI shows the effect of administration of wheat germ hydrolysed for 
3 hours in association with 12 units of vitamin concentrate. 

Table VI. 

Before administration After administration 

of wheat germ of wheat germ (6 g.) Duration Initial 



r 1 

Weight 

r 

Weight 

treatment 

weight 

Bird 

Heart rate 

g- 

Heart rate 

g- 

days 

g. 

C22 

140 Dropped beats 

376 

152 Regular 

427 

23 

392 

485 

100 

380 

176 „ 

401 

16 

387 

722 

160 

398 

174 „ 

423 

13 

468 

357 

160 

380 

192 

399 

14 

376 




Wheat germ 4 g. 




940 

124 

253 

160 Dropped beats 

320 

39 

338 




Wheat germ 8 g. 







176 Regular 

330 

4 

— ■ 




Wheat germ 4 g. 




921 

132 

282 

160 Regular 

313 

20 

368 




Wheat germ 6 g. 




44 

116 

299 

176 Regular 

3S0 

19 

362 


The first 4 birds had previously received easeinogen and the yeast con- 
centrate with the results already described. Wheat germ extract in doses equi- 
valent to 6 g. cleared up the cardiac irregularity in each case after an interval 
of 13-23 days. This curative interval is considerably longer than that usually 
observed with whole wheat, but it should be noted that the method of preparing 
the extract involves considerable losses, and the actual amount administered 



PIGEON HEART BLOCK 


939 


is probably substantially less than the equivalent of 6 g. of dry wheat germ. It 
will be seen that in three of these birds there is a rise in weight which somewhat 
exceeds the initial weight maximum. The significance of this fact has already 
been discussed. The remaining birds received wheat germ extract immediately 
following the depletion period. Birds 921 and 940 received the equivalent of 
4 g. of the extract, and in the case of the latter this dose failed to improve the 
cardiac condition in a period of 39 days. An increase in the dose to the equivalent 
of 8 g. resulted in complete recovery of the heart in 4 days. 

A final experiment in which a group of birds, after depletion on polished rice, 
were returned to whole wheat, provides further evidence for the view that 
restoration of heart block can be effected independently of the state of nutrition 
of the bird as judged by its body weight. Table VII shows that restoration of the 
heart occurred within 2-5 days after commencement of a whole wheat diet, and 
at a time when recovery of body weight was still incomplete. 


"Weight 

after 


Weight 
at time 
of re- 


Maximum depletion covery 


Bird 

weight 

g^ 

on rice 

g. 

of heart 

g- 

.142 

488 

317 

400 

912 

346 

229 

293 

157 

450 

342 

419 

23 

384 

251 

310 


Table VII. 


Heart rate after 
depletion on rice 

100 Dropped beats 
128 

80 Regular 
108 Dropped beats 


Heart rate 
after recovery 
on wheat 

156 Regular 
240 „ 

200 „ 

184 „ 


Time for 
recovery 
of heart 
days 

2 


Summary. 

The exper im ents outlined in this paper provide evidence for the view that 
one factor limiting the restoration, after depletion, of full weight of pigeons on 
a diet of polished rice supplemented by a yeast concentrate is an inadequate 
allowance of protein in the diet. Where this partial deficiency is made good by 
the addition of caseinogen full restoration of weight usually occurs. It is not 
finally proved that caseinogen, purified in the manner described, provides no 
factor other than protein, and it would therefore be premature to draw^ con- 
clusions from these experiments as to the necessity for vitamin B 3 in pigeon 
nutrition. The evidence does however indicate that maintenance of, or recovery 
to, full weight may be compatible with the persistence of a cardiac arhythmia 
of dietary origin. This dietary constituent can be extracted from wheat germ, 
and its administration in amounts equivalent to 6-8 g. leads to complete 
restoration of function. 

I desire to record my sincere thanks to Prof. Peters for his continued interest 
and advice. 
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CXXXIV. THE COLLOIDAL PHOSPHATE 
OF MILK. 


By GERALD THOMAS PYNE. 

From the Department of Dairy Chemistry, University College, Cork . 

(. Received April 17th, 1934.) 

The presence of insoluble, or rather colloidal, calcium phosphate in milk has 
been recognised for a long time ; but despite numerous researches both into the 
type of phosphate present and the nature of its association with other colloids, 
it cannot yet be said that either of these matters has been definitely cleared up. 
To judge from the literature, opinion seems to be still divided, firstly, as to 
whether the phosphate is secondary or tertiary, or a mixture of the two, and 
secondly, as to whether it is in chemical combination with calcium caseinogenate 
or merely protected by it. It is hoped in the present paper to present some 
additional evidence on these points, which appears to favour the view that the 
phosphate is mainly tertiary and is present in intimate union with the caseino- 
genate. 

Hammarsten [1879] supposed that calcium phosphate is held in solution in 
milk by calcium caseinogenate, and Lehmann [1894] regarded the two as united 
to form a double salt in which the phosphate is the tricalcium salt. Lindet’s 
views [1912] appear to be similar. Soldner [1888] concludes that both di- and 
tri-calcium phosphate are present in milk, the former in somewhat the greater 
amount, and apparently rejects the hypothesis of a chemical union between 
these substances and caseinogen. Hoffman and Gortner [1923] and Porcher 
[1930] also consider the phosphate to be a mixture of the same two salts and 
their relation to the protein to be solely one of colloidal protection. Van Slyke 
and Bosworth [1914, 2], while accepting and apparently verifying, by their 
experiments on the centrifugal separation of milk, the merely protective role 
of the caseinogenate to calcium phosphate, consider the latter to be the di- 
calcium salt exclusively— an opinion apparently shared by Palmer [1924], 
Grimmer [1926], Wright [1928] and many others/ 1 On the other hand, Gyorgy’s 
experiments [1923] on the pancreatic digestion of milk and of artificially pre- 
pared caseinogen- calcium phosphate complexes led him back to the earlier view 
that some type of definitely chemical combination exists between calcium phos- 
phate and the protein. Recent work by Ivometiani [1931] on heated milk, which 
will be referred to more fully later, also supports this view. 

In the course of some work in another connection [1932], the present writer 
noticed (a) that the formaldehyde titration of milk protein was much lower in 
the presence of colloidal calcium phosphate than in its absence, and (6) that the 
titratable acidity of milk was greatly diminished on addition of a sufficient 
quantity of a soluble oxalate. The first observation seemed to bear the interpre- 
tation, then stated, that the colloidal phosphate and calcium caseinogenate were 
chemically combined; and the second, which was not indeed new, but was 
susceptible of a different explanation [cf. Pyne and Ryan, 1932] from that given 
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by Van Slyke and Boswortb [1914, 1], suggested that the phosphate was largely 
tertiary. 

The present paper contains a development of these observations and some 
others, which appear to confirm these views. 


A. Relation of calcium phosphate to calcium caseinogenate . 

In the previous paper [1932] it was shown that addition of a soluble oxalate 
(4 % of the saturated potassium salt) to milk increased its formaldehyde titra- 
tion by about 11 % on the average. For some artificially prepared easeinogen- 
calcium phosphate complexes in which about one-half of the total calcium was 
combined with phosphoric acid, the percentage increase in formaldehyde titration 
was somewhat greater on oxalation, viz. about 16 %. (The oxalate is regarded 
as dissolving the union between the caseinogenate and the phosphate.) 

Somewhat similar results have since been obtained with other complexes of 
the same type, e.g. a caseinogen- calcium carbonate, and also with a caseinogen- 
calcium phosphate complex to which gelatin had been subsequently added. On 
the other hand, where colloidal calcium phosphate was protected by gelatin, 
the addition of oxalate did not appreciably affect the formaldehyde titration, 
and this held even when calcium caseinogenate, subsequently added, was present 
in the mixture at the time of oxalation and titration. A few typical results are 
given In Table I. 

The caseinogen-carbonate complex was prepared, following Porcher [1930], 
by bubbling carbon dioxide at ordinary temperature through an alkaline solu- 
tion of calcium caseinogenate (3*7 % CaO) until decidedly turbid and then 
removing the excess carbon dioxide by a current of air; the gelatin-calcium 
phosphate colloid was obtained according to the directions of De Toni [1921]. 

Table I. Formaldehyde value 

ml. A 7 alkali per 
100 ml. solution 

% total 

Solution protein 

Caseinogen-calcium phosphate complex 2*3 

' „ carbonate complex 2*0 

Gelatin-calcium phosphate, Complex A 4*5 


With oxalate Without oxalate 


-i- calcium caseinogenate (2*5 %) 

It is clear that protection of colloidal calcium phosphate (and carbonate) by 
calcium caseinogenate is quite different in type from protection by other proteins, 
e.q. gelatin. The marked difference is most simply explained by assuming that 
in the first case, where the properties of the protein are considerably modified 
by this “protection,” the union is more definitely chemical. The potentiometric 
titration of the complex described later in this paper also favours this view. 

In this connection the experiments of Kometiani [1931] on heated milk aie 
of interest. This author attributes some at least of the increased tit-ratable 
acidity that results from heating to a partial separation of calcium phosphate 
from its caseinogenate complex, thereby increasing the number of free earboxy 
groups in the protein and thus its buffer value and titratable acidity. In ap- 
parent confirmation of this view he finds that the formaldehy e 1 1 a ion o 
milk increases on heating, the increase reaching its highest value of about lo / 0 
r,n V, oa.t.in« millr fnr ha.1f-an-hour at 120°. It is remarkable that a difference o 


Ox. T. PYNE 


rnucli the same order is shown (cf. Table I) for the formaldehyde titration of 
calcium caseinogenate according to whether it is associated with calcium phos- 
phate or not. r 

These findings favour then the views of Gyorgy, i.e. that the relation of 
calcium phosphate to the caseinogenate is one of chemical union and not merely 
of colloidal protection. As to the type of union between them, its rapid dissolu- 
tion under the action of oxalate suggests that the common bond is one or more 
calcium atoms, and that the complex is thus a double salt of caseinogenate and 
phosphate. The marked shift in the reaction of the complex towards alkalinity 
on addition of potassium oxalate, a matter which will be discussed more fully 
later, makes it probable that the phosphate liberated is largely K 8 P0 4 arising 
from the tertiary calcium salt. The complex should on these views be essentially 
a double salt of calcium caseinogenate and tricalcium phosphate, and its primary 
interaction with oxalate might be represented schematically by : 


// (GOOH) z 

(NH 2 ) 2 ) — BHCOOCa')* 


NCOO.Ca.PO4.Ca),, 


+t».K a Oa? = (NH a ) t 


y(COOH)j 

-R— (COOCa') w + In . CaO^ + n . K 3 PO* 

\cOOK) n 


where Ca' represents for convenience a half-atom, of calcium. It is of course 
not intended to suggest that the phosphate complex should be a definite indi- 
vidual salt, but only a certain type of compound in which however the propor- 
tion of phosphate can be varied greatly according to the method of preparation. 
1 he evidence in favour of the presence of the elements of tricalcium phosphate 
in tins complex will now be considered more fully. 

B. Nature of the colloidal phosphate. 

Ignoring the small amount of colloidal magnesium phosphate which is present 
in milk m somewhat the same form, no doubt, as the corresponding calcium 
phosphate and regarding the caseinogen-calcium phosphate of milk as essen- 
tially a double salt of caseinogenate and phosphate, the exact nature of the latter, 
whether secondary, tertiary or a mixture of these remains to he deter min ed 
in a sense, it may appear immaterial which, for owing to the variation in the 
calcium content of the caseinogenate with p H , a compound of, say, dicalcium 
phosphate and calcium caseinogenate, might be regarded from one point of view 
as identical with one of tricalcium phosphate and a more acid caseinogenate. 
I or definiteness, however, the colloidal calcium phosphate ingredient of the 
complex must be considered to be that phosphate which can unite with 
calcium caseinogenate to form the complex without any considerable change in 

S H * Lh H 1S ! the assumption made by Porcher in his experiments on 

the synthesis of the complex (see later). 

Action of soluble oxalate on milk. The writer and Ryan [1932] have shown 
elsewhere that addition of a soluble oxalate to milk in sufficient amount (e.g. 
4 /0 ol a saturated solution of potassium oxalate) reduces the titratable acidity 
lL P tmL 0 K fT- 7 a b Utl T mL V 100 ml. milk. For whey, on similar 
S! JT ’i th h 1 T, ac . ldlty ls about 0 ’ 30 ml - ywo ml., so that the net alka- 
< i^ e £•?] 6 H1 ^ erac ^ on oxalate and the caseinogen- calcium plios- 

source Of °hh m 1 1 , Ik 1 am0unts t0 about 0 ’ 90mI ' N/100 ml. The apparent 
| )v th f thls alkalinity is Iv 3 P0 4 produced from tricalcium phosphate 

onh verv Zi?/ r i F ° r S ° “ ti0nS ° f ° alcium caseinogenate alone develop 

phosphate* (CaHPoVfh *+ ° n ac ^ ltlon of ox f ,Iate ’ and an y colloidal dicalcium 
P -T ( HP0 4 ) that may be present in the complex will give rise to 
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K2HPO4 which is practically neutral to phenolphthalein 1 . Assuming then that 
0-90 ml. N represents approximately the amount of acid to convert the tricalcium 
phosphate of 100 ml. milk via K 3 P0 4 into K 2 HP0 4 , the tricalcium phosphate 
content of milk can be calculated to be about 0-14 g. Ca 3 P 2 0 8 /100 ml., con- 
taining 0-076 CaO. Soldner [1888] estimates the lime content of the colloidal 
phosphate to be 0-071 g./lOO ml. milk and Porcher and Chevallier [1923] about 
0-065 g. The figure obtained from oxalate titration, which represents the lime 
content of tricalcium phosphate only, does not differ greatly from these values, 
and the agreement suggests that much or all of the colloidal phosphate of milk 
is tertiary. 

More direct evidence is obtained by comparison of the tricalcium phosphate 
(calculated from ordinary and oxalate titrations of milk and whey as above) 
and the total colloidal phosphate for the same sample obtained by analysis. 
The latter was taken as the difference between the acid-soluble inorganic phos- 
phorus contents of milk and rennet whey determined by the Briggs colorimetric 
molybdate method and using the technique of Lange and Miethke [1933]. 
Table II gives some results. 

Table II. 


Sample 

A 

B 

C 


Net oxalate shift 
ml. A/ 10 per 
100 ml. milk 

8-8 

8*8 

12*2 


Inorganic P 

as ml. A T /10 H 3 P0 4 per 100 ml. 


Total 

20*0 

19*9 

21*7 


Soluble 

11*7 

10*9 

8*7 


Insoluble 

8*3 

9*0 

13*0 


The agreement between the values in the first and last columns is quite 
close. For strict comparison the former still require to be reduced by about 
0*3 ml. N/10 — approximately the degree of alkalinity to phenolphthalein de- 
veloped in 100 ml. 3 % calcium caseinogenate on addition of the amount of 
oxalate here used — a correction which does not materially affect the results. 
These show that the greater part of the colloidal phosphate, if not all, reacts 
to oxalate as tricalcium phosphate. 


Preliminary experiments on caseinogen-calcium phosphate complexes . 


These experiments were made primarily in order to see how far the effects 
of oxalate on milk could be reproduced on synthetic materials, and they are some- 
what qualitative. More detailed examination of the phosphatic complexes is 
reserved for the next section. It was found that these complexes whether ob- 
tained by the action of phosphoric acid on alkaline calcium caseinogenate at 
about 0° or formed in similar conditions by the successive slow addition of 
calcium chloride and disodium phosphate solutions to one of nearly neutral 
caseinogenate (a process which in the absence of caseinogenate gives CaHP0 4 ), 
showed in all cases, in common with milk, the property of becoming much more 
alkaline on addition of oxalate, and thus appeared to contain some tricalcium 
phosphate. 

The following results found for complexes prepared by the second method 
illustrate this point. 


1 The applicability of this oxalate method for the approximate determination of small amounts 
of tricalcium phosphate, and the correctness of these statements have been checked experi- 
mentally on solutions or suspensions of CaHP0 4 and Ca 3 (P0 4 ) 2 , including colloidal suspensions of 
the latter in gelatin. The last react with oxalate somewhat slowly. 
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Complex A 
„ B 


Total P added as 
ml. di/10 H 3 P0 4 
per 100 nil. 

1M 

10*0 


Table III. 

Total oxalate shift Oxalate shift of 


of complex papain filtrate Net oxalate shift 
ml. di/10 nil. di/10 ml. M! 10 

per 100 ml. per 100 ml. per 100 ml. 

8*2 1-4 6-8 

7A 1*5 5-7 


All approximate ti trimetric estimation of the soluble phosphate in the 
papain 1 filtrates gave 4-1 ml. M/10 and 4-6 ml. M/10 per 100 ml. respectively 
ior A and B, so that the CaHP0 4 which might have been expected from the 
method, of preparation is apparently replaced in these experiments by almost 
equal amounts of tricalcium and of soluble phosphates. 

No doubt the reaction of the solution changed during the formation of these 
phosphates, and would need to have been followed to allow more quantitative 
interpretation of the results, but the conclusion that tricalcium rather than 
dicaicium phosphate is formed can hardly be avoided. The following experiment 
oilers further confirmation of this view. 

A solution of if/5 disodium phosphate of p H 8*47 was added in successive 
small amounts to a 3 % calcium caseinogenate solution of about the same p- n , 
and . ty? hydrogen ion concentration of the mixture was determined 
alter each addition, using the glass electrode. If dicalcium phosphate is formed 
from the interaction of the two solutions as the inorganic colloid associates 
with the casemogenate, the mixture should not differ greatly in p H from its 
constituents. If however triealcium phosphate is formed, from what may be 
regarded as the elements of CaHP0 4 , the resulting mixture should become more 
acid, particularly in the earlier stages. The experimental results, shown dia- 
grammaticaliy in Fig. 1 are in complete accordance with the latter view. To 
demonstrate that the changes inp R which occurred on addition of the phosphate 
to the casemogenate were not due merely to partial interchange of bases in the 
latter, etc., a similar series of potentiometric titrations was made on part of the 
same ca cmm caseinogenate solution treated with neutral M/5 potassium oxalate, 
phate reSllltS? shomi also in Fi g* are entirely different from those with phos- 



ml. M/10 Na JU>0 4 (or Oxalate) per 100 ml. 


bution of inorganic phosphorus in caseinogen-calcium phosphate complex . 

vas^he concluded that the colloidal calcium phosphate 

mention ’, bUt ^ later [1930 ^ formed the opinion, from efperi- 

^ on the artificial preparation of easeinogen-calcium phosphate complexes, 

the serumlndm™; COntained to ° Uttle s0,uble calcium to allow the use of rennet in preparing 
serum and papam was employed instead, as by Ivometiani [1931], 
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that the inorganic colloid was neither entirely secondary nor tertiary but a 
mixture of the two. The complexes were prepared by the addition of sufficient 
phosphoric acid to decidedly alkaline calcium caseinogenate to bring the whole 
j to about p H 7*0. On the assumption that the calcium belonging properly to the 

protein is approximately equal in the complex to that found in pure calcium 
caseinogenate of the same p H , he found that 1 g. mol. H 3 P0 4 was required in 
order to neutralise approximately 1*25 g. mol. of excess CaO, a result which 
corresponded to the formation of cli- and tri- calcium phosphates in almost equal 
proportions. Porcher recognised that a small amount of mono calcium phosphate 
was formed during the neutralisation, and that dicalcium phosphate is itself 
slightly soluble, but does not seem to have considered quantitatively the bearing 
of these facts on the type of colloidal phosphate formed at the same time. It is 
clear that they may influence the interpretation of the titration results con- 
siderably. For, if soluble phosphate is present at a p H of about 7, it will consist 
of a mixture of nearly equal amounts of monocalcium and dicalcium phosphates, 
for which Ca0/H 3 P0 4 in g. mols. = 0*75 . It is only necessary for one-fourth of the 
total phosphate to be present in this form in order to account for an experi- 
mentally found ratio Ca0/H 3 P0 4 in g. mols. = 1*25, on the basis of the other 
three-quarters being entirely tertiary. 

It was decided therefore to repeat the preparation of these complexes, deter- 
mining at the same time the proportion of the added phosphate which remained 
in solution. For this purpose a calcium caseinogenate solution containing about 
5 % of the protein and having p H about 7*0 was prepared by trituration of 
“Hammarsten casein” with lime water, allowed to stand overnight in an ice- 
chest and then filtered through hardened paper. To 50 ml. of the filtrate were 
added 30-40 ml. saturated lime water, and then M / 20 phosphoric acid was 
slowly run with constant rapid mechanical stirring into the ice- cooled mixture 
until it had attained approximately its original p H of 7*0. After some hours the 
hydrogen ion concentrations of the phosphate complex and of the original 
filtered calcium caseinogenate (similarly diluted with water) were determined 
with the glass electrode. One or two further determinations were also made on 
the latter solution after the addition of small quantities of lime water, so as. to 
be in a position to allow accurately for the calcium directly associated with 
caseinogen in the complex, in case the p H values of complex and original 
caseinogenate should differ slightly. 

The total inorganic calcium and phosphorus contents of the complex were, 
of course, known from the amounts of lime water and phosphoric acid used in 
its preparation, but the determination of the soluble phosphate required the 
removal of the caseinogen- calcium phosphate complex from solution without 
disturbing the equilibrium of the soluble constituents. Rennet was unsuitable 
for this purpose as the soluble calcium content was too low and could not. he 
increased, e.g. by addition of a soluble calcium salt, without danger of upsetting 
j the equilibrium of the system. The enzyme papain, used successfully by Kome- 

tiani [1931] for preparing the serum of heated milk, proved unsatisfactory in 
the present instance, since the filtrate obtained could not be rendered sufficiently 
free from nitrogenous matter by trichloroacetic acid and gave cloudy solutions 
with the Briggs molybdate reagent. Ultrafiltration was finally adopted for the 
preparation of the serum and the phosphate determined colorimetrically as 
already mentioned. The calcium associated with phosphate in solution was 
calculated from the latter for the particular 'P\i the complex, using Sorensen s 
, value for the phosphate buffers [cf. e.g. Clark, 1928]. The results are shown in 

Table IV. The figures in the last column entitled ‘"corrected oxalate shift 
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Table IV. 


Inorganic P as ml. Inorganic Ca as ml. 

Ml 10 H 3 P0 4 per 31/10 Ca(OH) 2 per 

100 ml. 100 ml. 

— A. , . A 


pro- 

tein 

Pb. 

Total 

Soluble 

In- 

soluble 

Total 

Soluble 

(calc.) 

In- 

soluble 

2*37 

6*97 

7*40 

— 



9*15 



2*05 

6*91 

5*90 

1*48 

4*42 

7*29 

1*15 

6*14 

2*11 

6*87 

6*60 

1*28 

5*32 

8*51 

0*99 

7*52 


4 * Cor- 

Katie rpofpfl 

ml. ili/10 Ca(OH) t ox “fate 


ml. M/10 H 3 P0 4 
r~~ "■' A *> 

In- 

Total soluble 


shift 

ml. Nj 10 
per 

100 ml. 


1-24 — 5-0 

1-24 1-39 4-0 

1-28 1-41 4*o 


represent the alkalinity developed in the complex on addition of the usual amount 
of oxalate,^ less an allowance of 0*5 ml. N to cover .the sum of the alkalinities 
developed in 2 % calcium caseinogenate and the ultrafiltrate from the complex 
on similar treatment. 

The ratio of total inorganic calcium to phosphorus is seen to agree closely 
with that found by Porcher, but, as expected, allowance for that fraction of 
these elements present in solution raises the ratio of the remainder which is 
available for the formation of colloidal phosphate to about 1-40. As the corre- 
sponding ratios for diealcium and tricaleium phosphates are 1-0 and 1-6 respec- 
tively, it is clear that this result requires the bulk of the colloidal phosphate to 
be tertiary but does not exclude however the possibility that some dicalcium 
phosphate is also present. The values for the shift in reaction of the complex 
towards alkalinity on addition of oxalate, shown in the last column, are seen 
to be slightly lower than those for insoluble or colloidal phosphate and thus 
also support this possibility. 

In spite of the suggestion from these results that the colloidal phosphates 
may be partly secondary, there are other considerations which favour the 
simpler view that the colloid is entirely tertiary and that the slight divergencies 
m these experimental results from what might have been expected in such 
circumstances are due to interfering causes. For instance, it has been assumed 
that the casemogen- calcium phosphate complex and the corresponding caseino- 
genate free from colloidal phosphate will possess the same p H values in solution 
W hile some such assumption is necessary to prevent the problem becoming 
indeterminate, it is probably not correct to expect that the two corresponding 
substances will really have identical p H values, although they will probably not 
differ greatly m this respect. Differences in the degree of hydrolysis, etc., which 
occur, for instance, between the alkali and alkaline earth caseinogenates, are 
likely to operate here also. Thus, results which make a casemogen- calcium 
phosphate complex appear to consist, somewhat improbably, of calcium caseino- 

gC Ton nf° Clate( ? Wlth a mixture of phosphates of which some 80 % is tertiary 
and -0 /0 secondary may more properly be susceptible of the simpler interpret- 
a ion ,ia e complex consists of caseinogenate and tricaleium phosphate 
only the union of which is accompanied by a slight change in reaction. Evidence 
on the point was sought by means of potentiometric titration. 


-cotentiometric titration of calcium caseinogenate and 
caseinogen-calcium phosphate complex. 

cJ^:r ipti T that the amount of calcium associated directly with 

identical with that present in calcium caseinogenate 

SlTwi’ t ! tratlon f rves of the two substances (freed of course from 
phosphate) given with calcium hydroxide will be exactly similar If 
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however this assumption is not strictly correct, as is suggested, the titration 
curves should differ somewhat. Table V gives the results of some experiments, 
one of which is also shown graphically in Fig. 2. Solutions of calcium easeino- 
genate and of various phosphatic complexes prepared from them were made 
and matured, as. previously described, and then dialysed side by side in cello- 
phane sausage skin dialysers for (mostly) 18 hours to remove soluble phosphate 
from the complex. A little mustard oil was used as a preservative. The solutions 
which contained some 2-3 % protein w T ere then titrated potentiometricallv with 
lime water, using the glass electrode and allowing an interval of 10 minutes 
for attainment of equilibrium between each addition of alkali and the succeeding 
measurement. 


Exp. 1 

Dialysis (IS hrs.) 

A 


Table V. 


Exp. 2 

Dialysis (18 hrs.) 


Complex Caseinogenate Complex Caseinogenate 


ml. N/10 
Ca(OH) 2 
per g. 

Pn 

ml. Nj 10 
Ca(OH) 2 
per g. 

Pn 

ml.tf/10 
Ca(OH) a 
per g. 

Pn 

ml. NIK) 
Ca(GH) 2 
per g. 

P H 

0-0 

6-94 

0*0 

6*85 

0*0 

7*10 

0*0 

6*82 

1-10 

7*82 

M2 

7*68 

0*78 

7*71 

0*80 

7*63 

2*20 

8*73 

2*24 

8*73 

1*56 

8*54 

1*60 

8*66 

3-30 

9*34 

3*36 

9*26 

2*34 

9*17 

2*41 

9*11 

440 

9*71 

4*47 

9*57 

3-12 

9*45 

3*21 

9*36 


Dialysis 

A 

(18 hrs.) 


Exp. 3 

Dialysis (66 hrs.) 



A ^ ( 

Complex Caseinogenate Complex Caseinogenate 


ml. Nl 10 
Ca(OH) 2 



ml. Nl 10 
Ca(OH) 2 

'i 

ml. NIK) 
Ca(OH), 


ml. NIK) 
Ca(OH) # 

Pn 

per g. 

Pn 

per g. 

Pn 

per g. 

Pn 

per g. 

0*0 

7*10 

0*0 

6-79 

0*0 

7*19 

0*0 

6-79 

0*69 

7*55 

0*68 

7-41 

0*73 

7*82 

O' 72 

7*28 

1*3S 

8*13 

1*36 

8*27 

1-46 

8*67 

144 

8*11 

2*07 

8*76 

2*04 

8*88 

2*18 

9*24 

2*17 

8*69 

2*76 

9*30 

2*72 

9*16 

2*91 

9*48 

2*89 

9*09 

4*14 

9*71 

4*08 

9*58 

4*36 

9*90 

4*33 

9*57 


All the results show that the two titration curves are not identical in shape,, 
the buffer value of the complex being somewhat greater than that of the 
caseinogenate in the earlier stages of the titration, e.g. from about r0 to 
P'B §*£>, and lower thereafter. The type of difference found in the earlier stages 



was somewhat unexpected and was perhaps partly due to the presence of small 
amounts of soluble phosphate which had escaped diffusion, for it was less evident 
on longer dialysis (cf. curves for 18 and 66 hours 5 dialysis, Fig. 2). Conclusions 
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drawn from the results of prolonged dialysis must be accepted with some reserve 
however since it is difficult completely to eliminate bacterial changes which 
may alter the shape of the titration curves. 

It is clear from the present results however that the titration curves of the 
caseinogenate and its calcium phosphate complex are not identical, and that is 
the main point, for it indicates that the quantity of calcium associated with the 
protein in the complex may differ somewhat from that attached to the isolated 
protein at the same p H . This finding favours then the more natural view that 
the complex consists of calcium caseinogenate and tricalcium phosphate, uniting 
probably with some slight change in reaction, rather than that which, on a strict 
interpretation of the synthetic experiments, would make it appear to consist 
of calcium caseinogenate united with a perhaps variable mixture of phosphate 
(chiefly tertiary) and possessing a p H identical with that of the parent caseino- 
genate. 

It is . hoped to return to a more quantitative consideration of these and 
similar titration curves on a future occasion. It may be remarked here however 
that the differences between them provide additional evidence of the existence 
of a chemical union between calcium caseinogenate and calcium phosphate. 

Summary. 

1. Further experiments on the effect of colloidal calcium phosphate (and 
carbonate) on the formaldehyde titration of calcium caseinogenate are described, 
and are interpreted as showing the existence of some type of chemical union 
between the calcium caseinogenate and the colloidal calcium phosphate of milk. 

2. The effect of oxalate on the titratable acidity of milk and caseinogen- 
calcium phosphate complexes is examined. It appears to indicate thatthe 
inorganic colloid constituent is mainly if not entirely tertiary phosphate, a 
conclusion supported also by the results of experiments on the preparation 
and electrometric titration of the complexes. 

3. The lesults, taken together, suggest that the caseinogen- calcium phos- 

phate of milk has the nature of a double salt of calcium caseinogenate and 
tricalcium phosphate. ° 
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CXXXV. POTRMTIOMETRJC STUDY 
OF PHOTO-FLAVIN. 

By KURT GUENTER STERN. 

From the Gonrtauld Institute of Biochemistry , Middlesex Hospital 
Medical School, London . 

(Received April 18th , 1934,) 

It lias previously been shown that several members of the recently described 
flavin or lyochrome series of pigments exhibit the properties characteristic of 
reversible oxidation-reduction systems [Stern, 1934, 1]. 

Photolysis of the flavin molecule in alkaline solution yields a pigment of 
smaller molecular weight which retains the colour, fluorescence and reversibility 
of oxidation-reduction of the parent compound and in addition is soluble both 
in chloroform and in water, whereas the native flavins are insoluble in chloroform 
[Warburg and Christian, 1932]. Following the discovery by Warburg and 
Christian of this peculiar reaction in the case of yeast-flavin which these authors 
designate “gelbes Oxydationsferment/ 5 the same process was found to occur 
in all other flavins which were tested, i.e. ovoflavin and lactoflavin (vitamin B 0 ) 
[Kuhn and Wagner- Jauregg, 1933; Kuhn, Gyorgy and Wagner- Jauregg, 1933; 
Ellinger and Koschara, 1933], hepatoflavin, uroflavin and maltoflavin [Stern, 
1933 ; 1934, 1]. 

From horse-liver fractions which had been obtained by adsorption and 
elution as described in the experimental part of this paper photo-hepatoflavin 
was obtained by the procedure devised by Warburg and Christian for yeast; 
9 kg. of liver yielded thus between 6 and 10 mg. of recrystallised product. Not 
only were the colour, the shape and arrangement of the micro- crystals, and the 
other general properties of this compound obviously the same as those given by 
Warburg and Christian for their photo -product from yeast-flavin, but the 
melting-point and the spectroscopic data of these two substances were within 
certain limits the same. A similar agreement exists between photo-hepatoflavin 
and the c Tumi’ ’-lactoflavin of Kuhn, Rudy and Wagner-Jauregg [1933], It is 
remarkable that the absorption spectra of the non-irradiated ovoflavin and 
lactoflavin are much the same as those of the different photo-flavins [Kuhn, 
Gyorgy and Wagner-Jauregg, 1933]. It follows therefrom that the sugar-like 
grouping C 4 H 8 0 4 which is detached from the coloured part of the flavin molecule 
by the photo -reaction does not affect the light-absorption of the complex mole- 
cule. Similar observations have been reported in the study of nucleosides 
[Holiday, 1930]. 

A more detailed account of spectrographic work on hepatoflavin and photo- 
hepatoflavin done jointly with Dr E. R. Holiday will be presented in a separate 
publication. It will suffice therefore to tabulate here the molecular extinction 
coefficients of photo-hepatoflavin in 0*01 N NaOH as compared with those of 
photo-yeast-flavin, lumi-lactoflavin and ovoflavin, as given by Warburg and 
Kuhn respectively. 
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Table I. 


Photo- hepatoflavin 
sublimed, in 
0 01 N NaOH 

/ A , 

A x 

44 5 m/i 1*19. 10 4 

352 1*49. 10 4 

267 5*89. 10 4 


Photo-yeast-flavin 

(chloroform) 

i- A > 

A a; 

452 niji 2*58. 10 4 

350 1*94. 10 4 

270 6*16. 10 4 


Lumi-lactoflavin 

(chloroform) 

f A 

A x 

445 mix 2*6. 10 4 

360 1*7. 10 4 

270 7*5. 10 4 


Ovoflavin 

(water) 



446 mix 2-11.10 4 

366 1*75. 10* 

267 8*5 ,10 4 


( 2*30 I \ 
x = mol. extinction coeff. = — - log ) . 

c.d / J 


With sufficient amounts of the crystallised photo-hepatoflavin in hand it 
| seemed to be of interest to undertake a study of its behaviour as an oxidation- 

reduction system by means of potentiometric analysis. This was done to collect 
| data which might be useful for a comparative study of the potentials of various 

flavins, but especially to gain some insight into the structure of the special 
grouping of the molecide which is responsible for its function as a redox-system 
| in vitro and probably as an intermediary redox catalyst (carrier) in vivo. The 

fact that the photo-flavins are artefacts and represent only a part of the original 
flavin molecule is of course not to be overlooked. But since the photo-flavins 
retain so many features of the native compounds and especially since they still 
incorporate the arrangement of atoms responsible for both colour and reversible 
oxidation-reduction, it may be hoped that the information obtained by this 
study will have a certain bearing on the problem of the flavins in general. 
Incidentally it was found that the system under investigation is one capable 
I of semiquinone formation and is therefore accessible to a theoretical treatment 

of the experimental data along the lines recently developed by L. Miehaelis and 
his colleagues. Kuhn and Wagner- Jauregg [1934] observed' in qualitative ex- 
periments that, whereas the colour change on reduction of the flavins in neutral 
or alkaline solution is from yellow to colourless, in stro n gly acid solution it is 
from yellow over an intermediary red stage to colourless. They advanced the 
hypothesis that the red colour belongs to an organic radical of the character of 
a semiquinone. Certain analogies with pyocyanine, to which Kuhn referred in 
a lecent lecture [1934], were however invalidated by the use of an erroneous 
value of the pyocyanine potential [Stern, 1934, 2], Moreover there was no 
evidence as to the nature of the red compound. 

It will be shown that the oxidation or reduction of photo-flavin in acid 
solution is performed in two steps each involving the exchange of one electron, 
a complete separation of the two processes only being effected in very acid 
solutions. The intermediary stage may be depicted as a semiquinone, i.e. a partly 
reduced and partly oxidised molecule of remarkable stability in view of its 
character. 

The author was fortunate enough to secure a small sample of crystalline 
photo-yeast-flavin prepared by Prof. Otto Warburg and Dr Walter Christian. 
This sample was presented to Prof. E. C. Dodds in July 1933 and stored since 
then at 0°. My best thanks are due to Prof. Warburg and to Prof. Dodds for 
their kindness in placing this valuable substance at my disposal. 

Comparative measurements at three different p s values showed that in 
addition to the above-mentioned properties the potentials of the photo-flavins 
are also m close agreement. The conclusion seems therefore to be warranted 
that the photo-flavin from hepatoflavin is identical with that from yeast-flavin 
and most probably with the photo-products of the other flavins. 
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When this work was already well advanced a publication by Bierich and 
Lang [1934] dealing with the potentials of a yellow pigment from mammalian 
tissues came to our knowledge. In this paper the data given by Bierich et al. 
[1933] in a preliminary communication were somewhat extended. The authors 
do not describe in detail the preparation or the properties of their pigment. 
They state that only very small quantities of the impure pigment in solution 
were at their disposal. There is no mention of the spectroscopic properties. No 
single titration curve is reproduced and the authors refer to their curves as being 
typically S- shaped 55 and indicating an electron number n~2. To corroborate 
this statement the index potential is given as 14*6 and 14*7 mv. The curve 
relating the normal potentials at varying hydrogen ion concentrations from 
Pk 1 H*4 exhibits values which differ from our values by as much as 30 mv. 

With the exception of one experiment all titrations performed by Bierich and 
co-workers were oxidative ones with ferricyanide as titrant. We find that titra- 
tions with ferricyanide at low p K yield no curves capable of interpretation owing 
to the formation of a blue-green complex in acid solutions, which seems to be 
of irreversible nature. The authors failed to observe the red intermediate and 
the steepening of the titration curves in the acid 'range where the semiquinone 
is formed. At my request Prof. It. Bierich provided me with a more detailed 
description of the preparation of his pigment. Following this a small amount 
of pigment in solution was obtained from 500 g. liver. The spectrographic 
examination, kindly carried out by Dr E. It. Holiday, revealed an absorption 
spectrum very similar to that of the photo-flavins. The pigment could be re- 
versibly reduced and oxidised and the red intermediate could be observed in 
mineral acid solution. It appears therefore that Bierich has been working with, 
impure photo-flavin and that the discrepancies between his results and ours are 
to be ascribed to the impurity of his preparation and, as far as the acid range is 
concerned, to the different experimental procedures. 

Experimental. 

Preparation of photo-hepatofiavin. 

4*5 kg. of fresh horse-liver are freed from fat and connective tissue and are 
finely minced in an electrical mincer. The liver mash is stirred into 6 1. of boiling 
tap-water and boiling is maintained for 10 minutes. After cooling to about 40° 
the decoction is pressed by hand through press- cloth. To the slightly turbid 
yellow-brown extract about 50 ml. cone. HC1 and 250 g. fuller’s earth are added 
and adsorption carried out by mechanical shaking for one hour. The remaining 
solution is separated from the adsorbate by means of a centrifugal filter-drum 
lined with press- cloth. After washing with at least 4 I. distilled water the 
hepatoflavin is eluted from the fuller’s earth by shaking it twice with 1*51. 
elution mixture (1 1. distilled water plus 250 ml. methyl alcohol plus 250 ml. 
pyridine) for 1 hour. The eluate is obtained preferably by suction through a 
Buchner funnel in which a thin layer of kieselgulir is spread over two ordinary 
paper filters. The clear solutions show a deep yellow colour and a strong green 
fluorescence even in ordinary daylight. They are jointly concentrated in vacuo 
at approximately 40° to about 500 ml. The remaining pyridine is removed by 
treatment with about 1 1. ether in three portions. The watery layer is brought 
to an NaOH content of 0*5 N by the addition of ION NaOH. A colourless 
precipitate is formed which is removed by filtration. The dark yellow solution 
is irradiated for at least 5 hours from a 100 c.p. metal filament lamp at 15 cm. 
distance. The temperature is kept below 20° by spreading the solution in a glass 
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dish, which is immersed in a larger glass basin through which tap-water flows 
rapidly. The light-source is installed beneath the cooling bath. During irradia- 
tion the solution is mixed by stirring with nitrogen or air. After photolysis is 
completed, which may be ascertained by carrying out a chloroform test on a 
small sample, the solution is acidified with HC1 to Congo red, whilst carefully 
cooled with ice-water. It is then extracted three times with three lots of about 
300 ml. benzene, which removes practically no pigment. The photo-flavin is 
extracted by frequent extractions with small amounts of chloroform until the 
chloroform layers are only faintly coloured. Though the watery layer may still 
show some yellow colour, owing probably to non-flavin pigments, it is discarded 
and the combined chloroform extracts (about 1500 ml.) are filtered through a 
filter moistened with chloroform or are centrifuged to remove residual water 
and also colourless flocks. The chloroform solution is then concentrated in vacuo 
to about 300 ml. and the photo-flavin is extracted with 100 ml. 0*1 N NaOH. 
The yellow alkaline solution is acidified with HOI to Congo red and the photo- 
product is extracted by shaking with small amounts of chloroform. The exchange 
between water and chloroform phases is repeated at least three or four times. 
The last chloroform extract is filtered and the chloroform completely removed 
in vacuo or in a stream of cold air. The thin yellow-brown film is dissolved in 
dilute alkali (about 20 ml.), filtered and .just acidified with HC1. Usually a faint 
turbidity appears. On slow concentration of the solution in vacuo over sulphuric 
acid, photo-flavin crystals gradually appear. When the volume of the solution is 
about one-fourth of the original the crystals are filtered off or separated from the 
mother-liquor by centrifuging. After washing with cold water in which they are 
only sparingly and slowly soluble the crystals are dried in vacuo over sulphuric 
acid. The yellow-brown needles melt with decomposition about 340° (uncor- 
rected). They may be sublimed in a high vacuum at 230° without decomposition. 

Arrangement and methods of potentiometric measurements. 

In general the technique developed by Clark and by Michaelis for measuring 
oxidation-reduction potentials was employed. A Tinsley research potentiometer 
was used, the scale of which reads to 1 mv. and allows a fair estimation of 
0*1 mv. Since the internal resistance of the instrument is comparatively low 
(40 ohms) a resistance of 1500 ohms was connected in series with the reference 
electrode and titration electrodes. As indicator a Tinsley deflection galvano- 
meter of the lamp and scale type was used. The sensitivity was given by the 
maker as 100 scale divisions per milliamp. The period was one second. As 
normal element a cadmium cell was used that had been calibrated by the 
P liysikalisch-Technische Reichsanstalt, Berlin (1019*3 mv.). The actual titration 
outfit consisting of a saturated calomel electrode, and the titration vessel was 
placed in a spacious air- thermostat that was kept at 30*0 ± 0*5°. The volume of 
the titration vessel was 30 ml., the volume of liquid necessary to cover the 
electrodes completely was 10 ml. As experimental electrodes one gold-plated 
and one bare platinum electrode were used. The titrant 'was delivered from a 
micro-burette holding 1 ml. and graduated in 0*01 ml. The calomel electrode 
was frequently standardised by means of the hydrogen electrode in standard 
acetate and gave almost invariably a potential difference against the latter of 
515 to 515*5 mv. For the measurement of [H + ] three methods were employed 
alternately and sometimes two of them were applied to the same solution: 
(a) measurement of with the U-hydrogen electrode of Michaelis; (h) reduc- 
tion of the buffered pigment solution by colloidal palladium and hydrogen and 
estimation of [H + ] from the potential values of the experimental electrodes, 
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previous to oxidative titration with ferricyanide [Michaelis and Eagle, 1930]. 
It was found unnecessary to provide for a separate platinum electrode covered 
with platinum 'black, since after a sufficient time of hydrogenation both the 
gold-plated and the bare platinum electrodes gave identical and true potential 
values as controlled with method (c). This may be due either to incomplete 
smoothness of the electrode surfaces or to the presence of the colloidal palladium 
in the system which might form a small deposit on the electrodes and make 
them act as palladium electrodes which are known to be perfect hydrogen 
electrodes 1 , (c) The standard method, however, employed in the present study 
was the measurement with the glass electrode arrangement as developed by 
Greville and Maclagan [1931] at this Institute. I am indebted to Mr M. E. H. 
Fitzgerald for these measurements. 

The hydrogen and nitrogen used for the titration experiments were taken 
from cylinders containing commercial gases of 99-9 % purity. Complete purifi- 
cation was achieved according to Michaelis [1931, 1]. A 5 m. copper tube was 
used to lead the purified gases into the titration vessel. This ensured a rapid 
cooling of the gas heated to approximately 500° in the furnace. Even in the 
most negative potential ranges no drift of the potentials towards the positive 
range which would indicate the presence of traces of oxygen could be observed. 

The electrometric titrations for ascertaining the position of the dissociation 
constants were performed in the same apparatus with the exception of the 
electrodes used. Two platinum wires hammered flat at the end and covered with 
a platinum black deposit of medium thickness were submerged in 12 ml. solution 
containing 2 mg. (10~ 5 mol.) recrystallised photo-hepatoflavin plus 0*1 ml. pal- 
ladium sol. The titrant was 0*01 N NaOH. Throughout the experiment the 
pyrex titration vessel was flushed with a stream of pure hydrogen at 30°. 
Whereas the dissociation constant of the reduced form of the pigment could be 
determined in this way, an attempt to apply this technique (with the omission 
of the palladium sol) to the oxidised form failed owing to a complete disagree- 
ment of the electrodes and weakly maintained potentials. This may have been 
caused by the competition for the electrode surface between the oxidation- 
reduction system and the hydrogen ions present in the solution. 

Results. 

Titration experiments on pthoto -hepatoflavin . 

To permit an adequate description of this system 26 titration experiments 
were performed at varying hydrogen ion concentrations, the limits being p R —0*2 
and 12*4. The molar concentration of the photo-flavin solutions was of the order 
10~ 3 to 10 -4 . Except in the very acid range where HC1 and H 2 S0 4 were used, 
buffers of sufficient strength (0*5 to 0*1 if) were employed to ensure a constant 
[H + ] during the experiment. The p H measurements with the glass electrode 
were usually made after the titration was finished. 

The first series of titrations dealt with the behaviour of the system in the 
neutral and alkaline ranges. Here the colour change is from pure yellow to 
colourless on reduction and vice versa on oxidation of the ieuco- compound. In 
this range the system behaves exactly like one of the well-known organic redox- 
indicators, e.g. methylene blue. The electrodes adjust themselves almost instan- 
taneously to the potential changes brought about by the variation of the oxidant/ 
reductant ratio on addition of titrant, so far as the range from 10 to 90 % 

1 The possibility of determining p H in this way was discovered by Biilman [(1927) Z. physikal. 
Chem. 130, 566]. 1 am indebted to Prof. L. Michaelis for pointing this out. 
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reduction is concerned. Here the agreement between the gilded and bare 
platinum electrodes is perfect within 0*5 and many times within 0*1 mv. No 
perceptible potential drift is observed up to 30 minutes. Current of the strength 
limited by the resistance of the chain may be drawn from the electrodes for 
several seconds without upsetting the potential readings or causing polarisation. 
Outside the range of sufficient poising the potentials are established only after 
some time — 10-40 minutes — has elapsed since the addition of the titrant. In 
this range the agreement between the different electrodes is usually less satis- 
factory and varies between 1 and 10 mv. It may be remarked that the same 
applies to the best reversible systems known. The slope of the titration curves 
in the range from p H 6 to 12*4 is that of an ordinary two electron system with 
an index potential in the neighbourhood of 14 mv., within the limits of experi- 
mental inaccuracies and the error involved in the graphical interpolation for 
the determination of the mid-point of the curves. The latter is almost unavoidable 
in view of the fact that even in the case of the photo -flavin where the end of the 
titration is indicated by a pronounced jump of potential the selection of the 
actual end-point invariably introduces a certain arbitrary element 1 . 

In the indicated p H range the experimental method exclusively used was 
that of Michaelis and Eagle [1930], consisting in the reduction of the system by 
means of hydrogen activated by Paal’s colloidal palladium and by reoxidising 
the leu co -compound with ferricyanide. The ferricyanide used was of analytical 
purity and the strength of the solution was determined in two instances by 
iodimetric titration. The solvent was de-aerated before addition of the accurately 
weighed oxidant by a stream of pure nitrogen, and the solution as well as the 
amount transferred to the micro-burette were protected against oxygen by a 
thick layer of liquid paraffin. 

The curves thus obtained between p H 7*4 and 12*4 have been collected in 
Fig. I after transformation of the amounts of oxidant used into the corre- 
sponding degree of oxidation. 

The best proof of the strict reversibility of the system under investigation is 
perhaps to he seen in the fact that several of the titration curves shown in this 
and also in the following diagram were obtained with the same specimen of 
photo-flavin solution, the p H of which was adjusted to another value under 
electrometric control after each experiment was finished. 

The second series of titrations deals with the phenomena in acid solutions. 
When attempts were made to apply the technique outlined above, which had 
given such satisfactory results in the neutral and alkaline ranges, to solutions 
of photo-flavin of p R < 6 unexpected difficulties were met. At p H 5*6 it w T as still 
possible to obtain an S-shaped curve as shown in Fig. 2, but the slope of the 
curve w T as much steeper in the first half of the experiment than in the second 
half. In the range below p B 5 we did not succeed in obtaining S-shaped curves 
by means of the oxidative technique. With ferricyanide as oxidant non-charac- 
teristic curves were recorded. The potentials showed a rapid drift towards the 
positive side especially as the titration proceeded. No definite end-point corre- 
sponding to a definite jump of potential was reached in repeated attempts. 
With decreasing values the appearance of a blue-green colour was noticed 

1 It should be remarked, however, that the conclusion concerning the nature of the process as 
a two-electron system has been derived from the slope of the titration curves, i.e. from the value 
of the index potential. The experimentally found position of the end-point fell invariably short of 
the stoichiometric equivalence point by as much as 50 and even 60 % . This holds true even on 
titration of photo-flavin purified by sublimation. This discrepancy is the object of further 
investigation. 
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as the titration proceeded. It became most pronounced when p u 0 was ap- 
proached. The colour persisted after admission of oxygen. On treating with 
chloroform no pigment could be extracted, which proves that the photo- flavin 
was actually transformed into a different compound. Sodium amalgam brought 
about a decoloration in mineral acid solution, which was apparently irreversible 
since no colour returned on vigorous shaking with air. It is planned to investigate 
this matter more thoroughly. At present the evidence is sufficient to warrant 
the statement that fenicyanide is obviously useless as a titrant in the acid range. 


% oxidation % oxidation 

Fig. 1. Titration curves of photo- Fig. 2. Titration curves of photo - 

hepatoflavin at p H 7*4 to p H 12*4. hepatoflavin at 0*4 to 6*/ 9. 

This is important in view of Bierich and Lang’s [1934] assertion that ferricyanide 
may be used throughout the whole range. Since attempts with dichromate 
and benzoquinone as oxidants at 3*98 and 4*62 respectively did not yield 
quite satisfactory results either, it was suspected that the reduction procedure 
with palladium and hydrogen preceding the titrations might lead to different 
reduction products in acid and alkaline solutions respectively, more especially 
since it is known that hydrogenation of flavins may lead to the absorption of 
1 and also of 3 mols of hydrogen per mol. flavin according to the experimental 
conditions chosen [Warburg and Christian, 1933; Kuhn, Gyorgy and Wagner- 
Jauregg, 1933]. The following experiment was therefore devised and performed 
in co-operation with Mr G. I). Greville of this Institute. 0* 7 mg. of a repeatedly 
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recrystallised sample of photo -liepatoflavin was dissolved in 3*5 ml. distilled 
water containing 0*2 ml. N NaOH. 1 ml. of this solution (corresponding to 
0*2 mg. of photoflavin) was transferred to the main compartment of each of 
three Warburg vessels of the conical type. The volume of the solutions was 
made up to 2*0 ml. by addition of water and HC1 (0*2 N) to adjust the to 
11*6, 5*17 and 1*74 respectively, as determined with the glass electrode after 
the experiment. KOH was used for absorption of 00 2 which might possibly be 
evolved. The side-bulbs contained 0*1 ml. colloidal palladium solution. An atmo- 
sphere of pure hydrogen was established by flushing the vessels attached to 
the manometers for 10 minutes with hydrogen which had passed the quartz 
copper furnace. After equilibration in the Warburg thermostat at 37° the 
palladium sol was tipped in from the side-bulb and the H 2 absorption followed 
for 125 minutes. A similar experiment was conducted with the omission of the 
photo-flavin. After subtraction of the hydrogen absorbed in this control experi- 
ment it was found that the photo-flavin had absorbed 14 / xl . of hydrogen at 
p M 11*6, 15 j /xl. at -p H 5*17, and 18*5 /xl. at p H 1*74. These hydrogen amounts 




T 



Fig. 3. Titration of photo -hepatotl iwin with CrCl 2 at p H -0-2. 

may probably be regarded as identical within the limits of error. Calculated 
per mg. photo-flavin an absorption of 70 to 92*5 /xl. hydrogen was therefore 
observed as compared with 87 /xl. absorption found by Warburg and Christian 
in weakly alkaline solution under similar conditions. The inference is that the 
difficulties encountered in the so-called oxidative titrations have their origin in 
the oxidative and not the reductive phase of the experiment. 

further work in the acid range was therefore conducted by exclusive adop- 
tion of the reductive titration method. Hydrosulphite, titanous chloride and 
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chromous chloride were used. Between p Li 5 and 0*4 titanous chloride proved 
to be very satisfactory. At still lower p H the reductive power of this reagent 
was insufficient to bring about a definite jump in potential at the end of the 
titration owing to the approach to the hydrogen potential. Here chromous 
chloride with its extreme reductive power corresponding to a potential of 
hydrogen overvoltage was successfully used. 

As will be seen from the composite diagram hi Fig. 2 the slope of the titration 
curves becomes increasingly steeper with increasing [H + ] below p H 5. From 
p R 4 to 1 the character of the curves is approximately that of a one electron 
system, the index potential varying between 20 and 25 mv. At p H < 1 the 
steepness gradually increases until at p H 0*4 the curve loses its uniform shape 
and' two maxima appear. At this point evidently a separation in two steps of 
reduction is becoming manifest. On the titration of photo -flavin solutions below 
p 5 an intermediate orange tint is noticeable on reduction. With increasing 
[H + ] this intermediate colour becomes gradually more and more pronounced 
until, as observed for the first time by Kuhn and Wagner- Jauregg [1934], a 
pure red appears midway between the yellow colour of the fully oxidised form 


Table II. 

Titration of crystalline photo-hepatoflavin in N HC1 with 5*10" 3 M titanous chloride : 

Temp. 30°. p H 04. E (potential difference between calomel and normal H 2 electrode) 0-23bo v. 

(Calomel/standard acetate H 2 electrode 0*515 v.) 

E, 


TiCl s 

ml. 

Gold- 

plated 

Pt- 

electrode 

Bright 

Pt- 

electrode 

Mean 


0*00 

+ 0*234 

+ 0*2315 

+ 0*2327 

+ 0-4692 

0*03 

0*1755 

0*1745 

0*175 

0*4115 

0*06 

0*072 

0*077 

0*0745 

0*311 

0*095 

0*022 

0*0288 

0*0254 

0*2619 

0*125 

-0*001 

0*003 

0*001 

0*2375 

0*165 

0*0135 

-0*0102 

-0*0118 

0*2247 

0*213 

0*195 

0*23 

0*0245 

0*033 

0*0225 

0*0235 

0*032 

0*0325 

0*204 

0*265 

0*30 

0*0405 

0*040 

0*04025 

0*1933 

0*0475 

0*465 

0*047 

0*1895 

0*335 

0*0545 

0*054 

0*0542 

0*1823 

0*365 

0*0618 

0*061 

0*0614 

0*1751 

0*40 

0*435 

0*069 

0*0688 

0*0689 

0*1676 

0*0768 

0*076 

0*0764 

0*1601 

0*47 

0*50 

0*0855 

0*085 

0*0852 

0*1513 

0*0925 

0*092 

0*0922 

0*1443 

0*54 

0*105 

0*0995 

0*100 

0*1365 

0*575 

0*108 

0*107 

0*1075 

0*129 

0*605 

0*645 

0*115 

0*114 

0*1145 

0*122 

0*122 

0*1285 

0*121 

0*1215 

0*115 

0*685 

0*1275 

0*128 

0*1085 

0*715 

0*1359 

0*1345 

0*1352 

0*1013 

0*75 

0*1435 

0*1425 

0*143 

0*0935 

0*785 

0*82 

0*1505 

0*149 

0*1497 

0*0868 

0*1585 

0*1565 

0*1575 

0*079 

0*855 

0*167 

0*1643 

0*1657 

0*0708 

0-9S 

0*1925 

0*189 

0*1905 

0*046 


0*215 

0*261 

0*262 

0*2628 


0*210 

0*261 

0*2625 

0*2628 


0*2628 

p H calculated from this value 


E% 

E& 


0*187 


0*135 


0*90 


Colour 

Lemon -yellow 

Pure yellow 
Yellow with 
pink shade 
Pink-yellow 

Red-yellow 
Yellow -red 

Red 


Red colour 
gradually 
fading 


Pale pink 

Colourless 

10 mins. 
13 
35 
45 


Remarks 

Nitrogen 


Palladium- 

hydrogen 
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Exp. 

No. 

29 

26 

25 

24 

17 

21 

2 

6 

7 
1 

8 
5 

12 

3 

23 

10 


Table III. Summary of titration experiments performed on 

photo -hepatoflavin 1 . 


Pll 

Buffer 

Method 


Ed— 

Ei 

E% 

Ei 

-0*2 

3i\ r HoSO.j 

Red. : CrCU 

+0*106 

+0*152 

+0*202 

0*048 

+0*4 

N HC1 

Red. : TiClg 

+0*090 

+0*135 

+0*187 

0*048 

0*9 

Citrate-HCl 

15 

+0*080 

+0*113 

+0*152 

0*036 

1*16 

15 

55 

+0*058 

+0*082 

+0*105 

0*0235 

3*23 

Acetate 

Red. : Na 2 S 2 0 4 

-0*044 

-0*023 

-0*003 

0*0205 

4*62 

5*64 

,, 

-0*124 

-0*100 

-0*074 

0*025 

Phosphate 

Oxid. K 3 FeCy 0 

-0*149 

-0*135 

( -0*127) 

0*014 

6*29 

51 

55 

-0*206 

-0*194 

—0*179 

0*013 

6*79 

11 

,, 

-0*234 

-0*218 

-0*202 

0*016 

7*41 

V 


-0*260 

-0*243 

-0*228 

0*016 

7*75 

51 

55 

-0*275 

-0*258 

-0*242 

0*0165 

8*47 


5 5 

-0*293 

-0*275 

-0*257 

0*018 

9*2 

Phosphate- 

NaOH 

» 

-0*318 

-0*303 

-0*285 

0*0165 

10*02 

51 

15 

-0*344 

-0*332 

-0*315 

0*0145 

11*2 

51 

55 

-0*411 

-0*397 

-0*382 

0*0145 

12*4 

5, 

55 

-0*473 

-0*458 

—0*445 

0*014 


Appar. 

n 

0-6 

0*6 

0*8 

1-25 

1-4 

1-15 

2 

2*1 

1*75 

1*75 

1*7 

1*55 

1*7 

1*95 

1*95 

2 


0*03 log K log K 
=E 3f -E, 


+0*047 

+0*047 

+0*03 

+0*006 

-0*006 

+ 0*012 

-0*06 

-0*06 

-0*03 

-0*03 

-0*03 

-0*018 

-0*03 


+ 1*6 
+ 1*6 
+ 1 
+ 0*2 
- 0*2 
+0*4 
—2 
-2 
-1 
-1 
-1 
- 0*6 
-1 


-0*06 —2 

- 0*00 —2 

-0*06 -2 


1 Potential values referring to the normal H 2 electrode. 


and the colourless leuco-compound. This occurs at p H > 1-2. An almost com- 
plete separation of the two steps is reached at p u -0-2 as shown in Pig. 3. 
Table II contains the protocol of the experiment at p u 0-4, the corresponding 
curve of which is the lowest curve in Pig. 2. Maximum formation of the intern 
mediate red colour thus occurs between the first quarter and the mid-point of 
the titration curve. Table III contains the data of the 16 experiments which 
correspond to the diagrams. 

The foregoing observations and the fact that all the changes reported in 
colour and potential on titration of acid solutions of photo-flavin are fully re- 
versible leave no doubt that the red intermediate is not a secondary reaction 
product but belongs to the group of quinhydrone-like substances which includes 
both the meriquinones and the semiquinones. According to Willstatter and 
Piccard [1908] meriquinones are molecular compounds composed of the oxidised 
and reduced forms of the same substance in which the ratio between the com- 
ponents need not necessarily be unity. The semiquinones on the other hand are 
molecules of partly reduced and partly oxidised character with an odd electron 
nlliw therefore of the nature of an organic radical, as depicted by Weitz 
Li 9^8 J. Ihough the existence of true meriquinones cannot be denied on the 
ground of mere theoretical considerations, potentiometric analysis by Miehaelis 
and his colleagues and independently by Elema [1931; 1933] has in all cases 
tested led to the characterisation of such intermediates as semiquinones. 

, ,? Urve ^ ^ ie ex P ei “i men tal data of the present study leaves little doubt 
that the red mtermediate in the plioto-flavin reduction 'also belongs to the 
group of semiquinones. This is already evident from the fact that each of the 
two separate steps of the titration curve as obtained at 0*4 or —0*2 is 
symmetrical m relation to the respective mid-point. The second criterion given 
by Michaehs namely the independence of the value of the normal potentials 
ol the two steps of the volume of the system, could not be tested owing to the 
scanty solubility of the photo-flavm in ranges of very low p K and also to the 
small amounts of the compound at present available. 

For the theory and mathematical analysis of the two-step oxidation with 
an intermediary semiquinone formation the reader is referred to the original 
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papers of Michaelis [1931, 2, 4; 1932] and also to the monograph by that author 
[1933]. For our purpose it may suffice to state that the values of the potentials 
recorded on titration of such a system are defined by the three equations : 


„ , RT 7 t 

E = E m + jp In-; 


E : 


71 , RT 7 s 
-Ei+-yln-; 


E=E 2 +^-hi\-, 


where E m is the potential in the mid-point of the whole titration curve, E 1 the 
normal potential of the first and E 2 of the second step; t designates the concen- 
tration of fully oxidised (holoquinoid), r that of the fully reduced (benzenoid), 
and s that of the semiquinone stage. The distance of E 1 and of E 2 from E m 
equals the actual distances ib.-Fi. and Fj-% respectively as taken from the 
curve only if a complete separation of the single steps has been achieved. In 
the more frequent case of an overlapping of the single curves the distance of 
E 1 and E 2 from E m may be estimated from the index potential by the aid of 
a table constructed by Michaelis [1933]. These values are given in the last but 
one column of Table III. The dismutation of the semiquinone into the holo- 
quinoid and benzenoid forms proceeds according to the equation s 2 = hrt, where 
the mass action law constant Je is called the formation constant of the semi- 
quinone. Taking into consideration the dependence of degree of dissociation of 
the components of the system upon Pll , k also becomes a function of Pll and 
is designated then as the apparent or effective formation constant of the semi- 
quinone. Its value is a measure of the probability and stability of semiquinone 
formation under a given set of experimental conditions. It is an empirical rule 
that semiquinone formation becomes manifest with increasing [H + ]. The last 
col umn of Table III contains the value of log k at varying p R values. 

Fig. 4 represents the essence of the present study. It gives in the fully 
drawn line the graphically determined mid-points of all titration curves plotted 
ag ains t p n . This curve shows three inflections near p R 0-4, 7-75 and 10. Between 



Pig. 4. Normal potentials of the holoquinokl, semiquinoid and benzenoid form of photo-flavin 
at varying [H+], referred to the normal hydrogen electrode at 30 . G Measurements o 

photo-hepatoflavin ; x measurements on photo-yeast-flavin. 


0-4 and 7-7 and also between 10 and 12-4 we find a rough approximation 
to a “60 mv. slope,” whereas between —0-2 and +0-4, and also between i-i 
and 10 the slope is a “30 mv.” one. This would mean that near Pll 0-4 and 10 
are situated dissociation constants of the oxidised form and near p s fi one ot 
the reduced form. The dotted lines represent the corresponding curves ot E t 
and Eo which intersect somewhere between p R 1 and 4. Visible semiquinone 
formation of appreciable extent is obviously limited to the range ot p H < -- 
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Only here may the position of the normal potentials of the two steps be charted 
with confidence, whereas in the lower part of the E/p n curve an uncertainty in 
the index potential of 1 inv. already greatly influences their position. 

The following two features of the photo-flavin as a reversible redox system 
appear to be worthy of special mention: (1) the position of the normal potential 
at p K 7 in a comparatively very negative region, namely at — 227 mv., ranging 
on the scale of known systems between 1 : 5-anthraquinonedisulphonate (Efl at 
Pu 7: — 200 mv.) and /3-anthraquinonesulphonate (E 0 ' = — 250 mv.) [cf. Stern, 
1934, 3] ; (2) the remarkable stability of all the three possible forms of photo- 
flavin, i.e. of the holoquinoid, semiquinoid and benzenoid modifications. 

The position of a dissociation constant of the fully reduced form near p R 7-7 
could be independently demonstrated by electrometric titration with NaOH in 
the manner described on p. 953. 

Titration experiments on photo-yeast- flavin. 

Three oxidative titrations on solutions of the crystalline photo -product of 
the yellow oxidation enzyme from yeast (Warburg) with palladium-hydrogen 
as reductant and ferrieyanide as oxidant were performed at p H 5*34, 7*4 and 
8-73 respectively. The result of the experiment at p R 7*4 is shown graphically 
in Fig. 5. The E 0 ' as taken from this graph is — 244 mv. and is therefore identical 



Fig. 5. Curve obtained on oxidative titration of the photo-product of the yellow 
oxidation enzyme (Warburg) at p H 7-4. E 0 " = - 0*244 mv. 

with. the corresponding value for photo -hepatoflavin at the same p R (-243 mv.) 
within the limits of experimental error. The values obtained for the normal 
potentials at p H 5*34 and at 8*73 are represented as crosses in the main diagram 
Fig. 4. It may be seen that these values are situated on the ET jp T r curve for 
the photo -hepatoflavin. 

This fact is further and independent evidence that the two photo-flavins (and 
very probably all the known photo-flavins) are identical. 
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Discussion. 


• To the native flavin molecule (but without the colloidal bearer to which the 
flavin may be attached as a prosthetic group) the following tentative formula 
has been assigned by Kuhn, Rudy and Wagner- Jauregg [1933] : 


^CHo.OH 
HO . HCf 

HO. HO 

X CH(OH)' 

I 


[<WJJ 

/ 

II 



C NH 

\co/ 


III 


In the course of the photo -reaction, formulated by these authors as 

c 17 h 20 o 6 n 4 - c 4 h 8 o 4 = c 13 h 12 o 2 n 4 , 

the sugar-like portion I in the above formula is split from the coloured structure 
II -fill, which then represents the photo-flavin molecule. About the portion II 
little is known except that it is relatively stable and contains two weakly basic 
N-atoms which are probably of tertiary nature and share the chromophoric 
double bonds. 

It ma>y be tempting to associate the presence of the alloxan ring (HI) 
with the function of the flavin molecule as a reversible redox system. This idea 
j must however be abandoned. The aUoxan-dialuric acid system as studied by 

1 Richardson and Caiman [1929] presents no analogies with the flavin system. 

Apart from the widely different potential values, the alloxan-dialurie acid system 
becomes unstable at > 5, probably because of the isomerisation of alloxan into 
| alloxanic acid. Furthermore the quinhydrone-like compound alloxantin is com- 

r pletely dissociated into alloxan + dialuric acid in the very range where seini- 

quinone formation takes place in the flavin system. Whereas stabilisation of 
the alloxantin potentials in dilute solution requires the addition of iron salts, 
which leads to the formation of an iron complex acting as an electro -active 
intermediate between the components of the main system and the electiode 
[Hill and Michaelis, 1933], in the case of photo -flavin complex formation with 
i an iron compound has been shown above to set up an irreversible system. 

On alkaline hydrolysis the photo-flavin molecule is split into urea and an 
unknown acid: C 13 H; 2 0 2 N 4 +2H 2 0 -> C0(NH 2 ) 2 +C 12 H 12 0 3 N 2 [Warburg and 
Christian, 1933; Kuhn, Rudy and Wagner- Jauregg, 1933]. This acid yields on 
thermal decomposition C0 2 + C n H 12 ON 2 . Kuhn and co-workers^ compare the 
formation of the acid C 12 H 12 0 3 N 2 from the photo-product ( lumiffavin ) with 
that of 2-hydroxyquinoxalin-3-carbonic acid from alloxazin: 

C 10 H 6 O 2 N 4 +2H 2 O -> 0O(NH 2 ) 2 +CO 2 +C 8 H 6 ON 2 [Kuhling, 1891]. 

Though Kuhn, after preliminary experiments, rejected the idea that the flavins 
may be constructed similarly to the alloxazin model [Kuhn and W agner - 
Jauregg, 1933] he states in a later paper that on reduction in acid solution 
alloxazin yields a red intermediate which is similar to the flavin intermediate. 
It is known that even the simple quinoxalin shows the formation of a brightly 
coloured intermediate which is blue in this case, on reduction in acid solution 
[Hinsberg, 1884]. That the alloxan ring of the flavin should be contained in a 
purine skeleton is unlikely in view of the fact that the extinction coefficient of 
the short ultra-violet absorption band of the flavin is of a higher order of 
magnitude than that of any purine compound so far known (private commum- 
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cation from Dr E. R. Holiday). There seems therefore to exist some presumptive 
evidence in favour of a formulation of photo-flavin as follows : 




R 


\/ N \ c / 


NH 


/ 


CO 

*Aoi H 


CJR 


This would place the flavins in the alloxazin series 1 . We find that the simplest 
representative of this class, namely, alloxazin itself, 


hc^° H V/% 


c 


/ NH \ 


Ha 


CO 

c A Ira 
Vjh/ \co/ 


exhibits even more similarities with photo-flavin than were mentioned by Kuhn. 
Its solution in dilute sodium carbonate is green-yellow and shows a green fluor- 
escence. Addition of sodium hydrosulphite or titanous chloride causes slow 
decoloration. The red intermediate in mineral acid solution is formed not only 
bjr reduction with zinc but also by any strong reductant, e.g. chromous chloride. 
The red intermediate is obtained also on re-oxidation of the leuco- compound 
with air and shows a remarkable tendency to persist under aerobic conditions. 
A comparative study of the oxidation-reduction behaviour of alloxazin and 
photo-flavin and especially of the effect of substitution in the three ring 
systems on the potentials and on the spectrum is being undertaken in this 
laboratory. 

The structural relationship of such a molecule as that suggested above to 


Table IV. 


Colour of 



Holoquinone 



Semiquinone 

E/ at 

Compound 

Pb 7 

Hallachrome [Friedheim, 1933] 

Red, jhi < 8*53 
Green > 8-53 

Brown (?) 

+ 0-022 v. 

a-Hydroxyphenazine [Michaelis et al. 1932] 

Orange 

Green 

- 0-07 V.* 

Pyocyanine ( a-hydroxy-V -methylphenazine ) 
[Friedheim and Michaelis, 1931: Elema, 

Red, p H <4-9 
Blue >4-9 

Green 

- 0-034 v. 

1931] 

Chlororaphine (phenazine-oc- carbonamide) 

Yellow 

Green 

-0-120 v. 

[Elema, 1933] 

Photo-flavin 

Yellow 

Red 

- 0-227 v. 

Rosinduline 2 G [Michaelis, 1931, 3] 

Red 

Violet 

-0-281 v. 

Viologens ( N V'-disubstituted yy'-dipyri- 

Colourless 

Blue -violet 

-0-4 v. 

dyliumchlorides) [Michaelis and Hill, 1933] 

* b’om the diagrams reproduced by Michaelis et al. [1932, see also Michaelis 

1933] it would 

appear that the E 0 ' of a- hydroxy phenazine at p H 7-0 is -0-17 v. 

This value however refers to the 


calomel and not to the normal hydrogen electrode as stated in the text. [Private communication 
by Prof. L. Michaelis.] 

1 Note added to proof . This hypothesis has been rendered very probable by synthetic studies 
in the alloxazine series [Stem and Holliday (1934), Ber. deutsch. clem. Ges. 67, 1104]. 
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! the phenazine pattern is quite obvious. Kuhn [1934] has already pointed out 

several analogies in their respective oxidation-reduction behaviours between 
the flavins and pyocyanine (a-hydroxy-A -methylphenazine) . It occurs to the 
writer that an even more striking similarity exists between the flavins and 
| rosinduline 2 G, especially in view of the fact that the normal potentials of this 

compound are close to those of photo-flavin (E 0 f at p R 7 —281 my.) [Michaelis 
1931 , 3 ]. It should be mentioned however that the colour of the semiquinoid 
forms of simpler phenazine derivatives is green in contrast to the red semi- 
quinone of photo-flavin. But the example of rosinduline where the semiquinone 
is violet demonstrates that the rule that the intermediates of phenazine com- 
j pounds are green does not hold for the more complex derivatives. 

f This discussion may be concluded by a compilation of some properties of a 

, few systems capable of semiquinone formation (Table IV). 

Summary. 

The behaviour of photo -hepatoflavin as an oxidation-reduction system has 
been studied by means of potentiometric analysis. Titrations were performed 
between —0-2 and 12-4. Photo-hepatoflavin represents a perfectly reversible 
redox system, the normal potential E 0 ' of which is comparatively negative, 
namely —0-227 v. at p H 7*0, referred to the normal hydrogen electrode. 

In the neutral and alkaline ranges the titration curves are similar to those 
of a common organic redox indicator with an electron number of two. In the 
acid range the slopes of the curves become increasingly steeper with increase 
of [H + ]. At very low p H values a break in the curves appears indicating that 
| the reduction and oxidation are taking place here in two distinct steps each 

! involving the exchange of one electron. The intermediate stage is characterised 

by a bright red colour (Kuhn). The observations point strongly to a semiquinone 
structure for this intermediate. A chart is given illustrating the relation between 
p H and the normal potentials of the different forms (holoquinoid, semiquinoid, 
benzenoid form) of photo -flavin. All three forms show a fair degree of stability. 
The existence of appreciable amounts of the semiquinone is limited to the 
p H range below 2. 

The theory of Michaelis on two-step oxidation with intermediary semiquinone 
formation has been applied to the present system ; and the distance of the normal 
potentials of the single steps from the mid-point found on titration, and also 
the effective formation constant of the semiquinone, have been calculated by 
means of Michaelis’s equation. 

Experiments carried out with the corresponding photo-produet of the yeast- 
flavin (Warburg’s yellow oxidation enzyme) yielded confirmatory evidence for 
f the identity of the photo-flavins. 

From this study several conclusions have been drawn concerning the struc- 
j ture of photo-flavin and especially as to the nature of the grouping of the 

| molecule responsible for its properties as a reversible redox system. The inference 

is that the alloxan-dialuric acid equilibrium cannot correspond to the system 
i set up by photo-flavin and its reductants, although the presence of an alloxan 

i ring has been demonstrated in the molecule by Warburg and by Kuhn. A purine 

! structure is likewise improbable. Presumptive evidence is brought forward for 

a structural relationship between photo-flavin and the alloxazin series as first 
1 discussed but later denied by Kuhn. This would explain certain common features 

j of photo-flavin and phenazine derivatives, especially rosinduline, e.g. the 

I negative range of potential and the phenomenon of semiquinone formation. 
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CXXXVL STUDIES IN FAT METABOLISM 
IN THE FOWL. 

I. THE COMPOSITION OF THE EGG FAT AND DEPOT 
FAT OF THE FOWL AS AFFECTED BY THE 
INGESTION OF LARGE AMOUNTS 
OF DIFFERENT FATS. 

By ETHEL MARGARET CRUICKSHANK. 

Poultry Nutrition Section , Animal Nutrition Institute , 

School of Agriculture , Cambridge. 

(Received April 20th , 1934.) 

The study of the formation and utilisation of fat in the fowl is of fundamental 
interest, since our knowledge of these processes in the bird is very meagre, 
investigations of fat metabolism having been so far carried out almost ex- 
clusively on mammals. With a view to eliciting information along these lines 
it was decided to investigate two problems which presented themselves as being 
of primary importance to the poultry industry. (1) The approximate com- 
position of the mixed fatty acids of the normal egg and the extent to which 
this may be modified by the inclusion of fat in the ration. (2) The influence of 
ingested fat on the composition of the depot fat. The latter investigation is of 
a preliminary nature. 

In the following paper the two problems outlined will be dealt with in separate 
sections. 

SECTION L 

Effect of ingested fat on the composition of the egg fat. 

The data available for the egg fat concern chiefly the neutral fats or the 
phosphatides and not the mixed fatty acids of the entire yolk. The ether extract 
of the fresh yolk is about 30-32 % , a figure that appears to remain relatively 
constant, but variable results have been obtained for the phosphatide content, 
e.g. Mangold [1931], 4%; McCollum et al. [1912], 9*4%; Manasse [1906], 
9-10 %; Serono and Palozzi [1911], 11-12 %. 

The discrepancy between these results is probably due to the fact that no 
6 satisfactory method for estimating the amount of phosphatide present has yet 
been evolved, but it is possible also that the phosphatide content may be de- 
pendent on certain variable factors. 

Many workers have investigated the composition of egg-lecithin with regard 
to its different components. References to this are given by MacLean [1918] 
and Needham [1931]. Cousin [1903], working chiefly on commercial samples of 
egg-lecithin, estimated the proportions of the different fatty acids present as 
follows : palmitic, 28*5 % ; stearic, 14*2 % ; oleic, 33 % ; linoleic, 24 % . Levene and 
Rolf [1922] and Hatakeyama [1930] both recorded the presence of arachidonic 
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acid, and stated that linoleic acid was present only in small amount. The 
former found that, in contrast to liver-lecithin, egg-lecithin contained only a 
small proportion of highly unsaturated acids. Sueyoshi and Furukubo [1931], 
working with lecithin carefully purified from fat and kephalin, found that the 
saturated acids consisted mainly of isopalmitic acid, with only small amounts 
of palmitic and stearic acids. The proportions of the unsaturated acids present, 
calculated from their bromination products, were as follows: oleic, 73*2 %; 
clupanodonic, 5-1 %; linoleic, 2T %. 

The results obtained for the composition of the neutral fat by the earlier 
workers [Liebermann, 1888; Kitt, 1897 ; Serono and Palozzi, 1911], present wide 
variations and are subject to criticism on account of the technique employed. 
The only detailed quantitative analysis of the egg fat available is that of 
Grossfeld [1933], who examined the mixed fatty acids obtained from the egg 
by the following method. Egg-yolks were treated with warm hydrochloric acid 
and extracted with light petroleum. The solution was freed from acid and water 
and the oil obtained by evaporation. It contained 5T % of unsaponifiable 
material and 90*7 % of mixed fatty acids, of the following composition: higher 
saturated fatty acids (permanganate method) 34*6 %; solid saturated fatty 
acids (lead salt-alcohol method) 32-4 % ; stearic acid 2*2 % ; palmitic acid 32*4 % ; 
oleic acid 44*2 % ; linoleic acid 18*0 % ; linolenic acid (Kaufmann) 3*2 % . Butyric 
and %-octanoic acids were absent. 

Various investigators have ascertained that the composition of the egg fat 
is affected by feeding. Henriques and Hansen [1903] found that on a carbo- 
hydrate diet the iodine value of the neutral fat averaged 78*8. With linseed 
feeding it rose to 97 and with hempseed to 119-123. Although the neutral fat 
was affected by the feeding, the fatty acids of the lecithins remained unchanged. 
This finding was not confirmed by McCollum et al. [1912] who found that the 
iodine value of the neutral fats varied from 52 on an approximately lipoid-free 
diet to 64 on an ordinary ration, while the iodine value of the lecithins on the 
former was 35, and on the latter 63. Similar results were obtained by Terroine 
and Belin [1927]. 

It thus appears that there is comparatively little reliable information avail- 
able as to the composition of the egg fat, and though it has been ascertained that 
it may be affected by the nutrition of the fowl, yet we have no knowledge with 
regard to the changes which take place in the proportions of the component 
fatty acids. 

Experimental. 

In the experiments to be described, Light Sussex liens were kept under 
ordinary commercial conditions with access to free range. The control ration, 
which was the ordinary stock ration used on the farm, consisted of bran, maize, 
sharps and Sussex ground oats, supplemented by 7 % extracted soya bean meal, 
7 % fish meal, and 3 % mineral mixture. The experimental groups (with one 
exception) received the control ration with the addition of high percentages of 
fats of varying composition. 

The effect of ingested fat was studied (a) on successive eggs of individual 
liens, alteration in iodine value being taken as indication of a change in com- 
position, and ( b ) on composite samples of eggs taken from groups of birds re- 
ceiving different types of fat in the ration. 

Under (a) the effects of a relatively saturated fat, viz. mutton fat (incorporated 
in the control ration at a 28 % level) and a highly unsaturated oil, viz. hemp oil 
(fed in the form of hempseed alone) were investigated. The birds were trap- 
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nested, and the individual eggs collected. Each yolk was separated from the 
white as completely as possible and gradually diluted with distilled water, 
10 ml. of alcohol and 5 ml. ot 40 % IvOH were added and the whole was made up 
to 200 ml. Aliquot portions of this were saponified with a further addition of 
alcoholic potash for 1-J- hours in an evacuated pressure-flask on a steam- bath. 
The saponified solution was then treated according to the method described by 
Mottram [1910] for the estimation of the fatty acids of liver tissue. The mixed 
fatty acids were dried to constant weight in an oven through which a current 
of CO a was passing, and the iodine values were determined by Wi]Vs method. The 
changes occurring in the egg fat as shown by the iodine values are shown 
graphically in Fig. 1. 
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Fig. 1. Effect of ingestion of hemp oil and mutton fat on the mixed fatty acids of egg-yolk. 
Hemp oil (i.v. = 164); Mutton fat (i.v. =45). 

In section (b) the experimental rations were as follows: 


(1) Fish meal-free mash j 

(2) Control mash I Normal ratl0ns ‘ 

(3) „ +28 % palm kernel oil. 

(4) ,, +28 % palm. oil. 

(5) ,, +28 % mutton fat. 

(6) ,, +28 % linseed oil. 

(7) „ +28% hemp oil. 

(8) Heinpseed alone. 

The fish meal-free ration (which contained degermed maize, bran, whole 
yeast, rice, alfalfa and mineral mixture, with 7 % extracted soya bean meal) 
was fed in addition to the control mash, since it was thought that the fish meal 
contained in the latter might possibly influence to some extent the composition 
of the mixed fatty acids of the egg. The' ether extract of the former was only 
2*3 % as compared with 3*8 % in the control ration, as the constituents were 
selected for their low fat content. Analyses of the normal rations and of hemp- 
seed are given in Table I. 

Table I. Average composition of rations . 


Moisture 


Ether 

extract 


Carbo- 

hydrate 


Control ' 

Fish meal-free 
Hempseed 

Biochem. 1934 xxvm 
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Rations 3-8 represent wide differences in the composition of the ingested 
oils, those in groups 3-5 having a solid acid content ranging from 80 % in the 
palm kernel oil to 46 % in the palm oil, with unsaturated acids consisting 
mainly of oleic acid, while in 6, 7 and 8 the percentage of solid acids varies from 
6 to 9 % , and the unsaturated acids contain a large proportion of linoleic and 
a considerable amount of linolenic acid. Analyses of the oils are given in Table II. 

Table II. 


Composition of oils. 




Hemp oil 

Linseed oil 

Palm oil 

Mutton fat 

Oil 

i.v. 

163-7 

180-6 

53*1 

44*5 


Sap. no. 

190-4 

191-7 

196-0 

196-3 


Mol. wt. 

294-7 

292-6 

286-2 

285-8 


CNS value 

93-1 

112-8 

— 

— 

Mixed acids 

I.V. 

172*9 

191-54 

55-0 

46-1 


Mol. wt. 

283-0 

282-2 

273-8 

277-0 


% solid acids 

6-1 

9-2 

46-3 

51-0 

Liquid acids 

I.V. 

183-0 

206-5 

103-8 

89-2 


Mol. wt. 

280-3 

282-0 

283-4 

276-0 


CNS value 

104-7 

131*4 

— 

— 


Percentage composition of mixed fatty acids. 



Solid acids 

6-1 

9-2 

46-3 

51-0 


Oleic acid 

11-9 

11-41 

46-4 

46-8 


Linoleic acid 

67-2 

38-98 

7-3 

2-2 


Linolenic acid 

14-8 

40-41 

— 

— 


Palm kernel oil was not examined, but according to Collin and Hilditch [1928] 
its component fatty acids are: myristic, lauric and lower saturated acids, 
70*7 %; palmitic, 8*8 %; stearic, 1*3 %; oleic, 18%; with only a trace of 
linoleic acid. 

Samples consisting of 10-12 eggs were collected from the different groups 
after at least 6-8 weeks from the commencement of feeding the experimental 
rations. The yolks were separated from the whites and ground up with anhy- 
drous sodium sulphate. This material was then extracted in a Bolton and Re vis 
extractor for prolonged periods with anhydrous ether, the solvent being fre- 
quently changed, until on evaporation no residue remained. The egg oil thus 
obtained, which was viscid and orange-coloured, was dried in vacuo at 100° 
and when not analysed immediately was put into small ground stoppered bottles 
and stored in the dark at —20°. 

No attempt was made to separate the neutral fats from the phosphatides, 
owing to the great difficulty of obtaining either of them in a pure state without 
admixture with the other. Since the oil obtained by the method just described 
yielded mixed acids the iodine value of which was only slightly lower than that 
•of the mixed acids obtained by the Mottram saponification method, it was 
considered that all except very small amounts of the total fatty acids derived 
from both the neutral fats and the phosphatides had been extracted, and it is 
probable therefore that the analyses given are representative of the total fatty 
acids of the egg-yolk. This view is supported by the fact that our results for. 
normal eggs agree well with those of Grossfeld [1933], who, by his method of 
heating the yolk with hydrochloric acid, undoubtedly obtained the phosphatide- 
fatty acids as well as the fatty acids of the neutral fat in his mixed acids. 

The oil obtained by the extraction method was saponified, the unsaponifiable 
matter removed, the mixed fatty acids precipitated with hydrochloric acid, 
taken up in light petroleum and dried in vacuo at 100°. 
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* ^ ter T n m! 0ns r re made of the iodine value and molecular weight of the 
mixed acids. The solid and liquid acids were separated by crystallisation of the 
iead salts from 95 % alcohol [Twitched, 1921], using the" procedure of Hiiditeh 
and Pnestman [1931]. The iodine value of the solid acids was estimated and 
the percentage of solid acids corrected for any oleic acid present. 

^ ie acdds always contained traces of a brownish non-fatty material, 
which did not dissolve during the second precipitation of the lead salts. The 
molecular weights therefore are probably slightly too high. 

The .alcoholic solution of the liquid acids was diluted to twice its volume, 
the liquid acids separated with dilute acetic acid and taken up in light petroleum. 
The ethereal solution was repeatedly washed till free from acid, the ether 
evaporated off and the acids dried in vacuo at 100°. 

The iodine value, molecular weight and thiocyanogen value (CNS value) 
of the liquid acids were determined. The percentage of hexabromides was esti- 
mated in a few cases, but did not prove satisfactory, and it was decided to 
substitute the thiocyanogen value as a means of estimating the linolenic acid, 
information having been obtained that this method gave higher and more 
accurate results [Griffiths and Hiiditeh, 1934]. Determinations were carried 
out, with careful attention to the absolute dryness of all reagents and apparatus 
employed, as recommended by Kaufmann and Keller [1929]. 

Oleic and linoleic acids were calculated from the iodine value of the mixed 
acids after allowance had been made for the solid acids and linolenic acid present. 
It was assumed that acids more unsaturated than linolenic acid were absent, 
though this was probably not strictly true. 

Results of the analyses of the mixed fatty acids of the egg fat are given in 
Table III. 

Table III. 


Composition of mixed fatty acids of egg-yolk. 





Fish 

Mash -f 

Mash -f 

Mash + 

Mash -|- 

Mash -}- 




Control 

meal-free 

palm 

palm 

mutton 

linseed 

hemp 

Hempseed 



mash 

mash 

kernel oil 

oil 

fat 

oil 

oil 

alone 

Mixed 

I.Y. 

84*4 

80*0 

80-5 

S5-9 

84-0 

123-1 

115*7 

127*2 

acids 

Mol. wt. 

2SG-5 

283-0 

280*3 

281-4 

284-0 

281-8 

282-1 

280-6 

Solid 

% 

31-4 

31*2 

30-3 

27-8 

29-5 

23-9 

24-3 

214 

acids 

Mol. wt. 

263-5 

264-0 

266-4 

265-5 

268-0 

265-7 

267-4 

266*0 

Liquid 

I.V. 

121-2 

115-9 

115-0 

120-0 

117-7 

161*3 

156*3 

162*8 

acids 

Mol. wt. 

278-2 

284*0 

278-8 

280-0 

283-3 

283-4 

281*1 

278*9 


CNS value 

94-0 

93*3 

92-3 

90-8 

93-7 

111-2 

96-4 

101*8 



Percentage composition of mixed fatty acids. 





Solid acids 

31-4 

31*2 

30-3 

27-8 

29-5 

23-9 

24-3 

214 


Oleic acid 

46-7 

51*4 

51-9 

,49-8 

50-8 

33-8 

28*8 

26*7 


Linoleic acid 

19-0 

15*0 

16-1 

21-7 

16-9 

24-9 

41*7 

41-9 


Linolenic acid 

2-9 

2*4 

1-7 

0-7 

2-S 

17-4 

5*2 

10*0 


Discussion. 

No effect on the flavour of the egg was observed during the feeding of the 
experimental rations, except in the case of linseed oil, which produced an un- 
pleasant taste in the soft-boiled egg. 

The results obtained on successive eggs of individual hens show that on the 
hempseed ration the mixed fatty acids became steadily more unsaturated, the 
normal iodine value of 84-88 being increased to 123-126 at the end of 16 days, 
and there remaining constant, showing that by this time all the layers of yolk 

62—2 
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(which are laid down concentrically) had been deposited under the influence of 
the hempseed diet. The period required for reaching the maximum iodine value * 

is a measure of the period required for the growth of the ovum. This is not 
necessarily a constant, but will differ in different individuals, or even in the 
same individual at different seasons, according to the rate of production. 

Compared with hempseed, mutton fat had little effect on the iodine value of 
the mixed acids. A slightly lower value was obtained from the 7th to the 10th 
week after the commencement of the period, but towards the end it returned 
to the normal. 

It appears therefore that while unsaturated oils given in the form of a diet 
such as hempseed readily affect the composition of the yolk fat, as indicated 
by the change in iodine value, the ingestion of a hard fat, viz. mutton fat, in 
conjunction with a cereal ration, does not significantly affect it, even after 
prolonged feeding. 

Reference to Table III shows that on a cereal diet with a protein supplement, 
the degree o t saturation of the mixed acids of the egg is similar to that of the 

‘3 aC ^ S ^ ie bod y 011 a norma l ration. Solid acids constitute about 
31 / 0 , and according to the molecular weight (263*7) appear to consist mainly 
ol palmitic acid (molecular weight 256). 

mabl constituent of the liquid fraction, with smaller amounts 
of hnoleic and 2-3 % of linolenic acid, as determined by the thiocyanogen value. 

The percentages of hnoleic (15-19 %) and of oleic acid (47-51 %) are of the same 
order as those found by Grossfeld [1931] in hen depot fat. The composition of 
the mixed fatty acids from the control and fish meal-free eggs is very similar 
to that recorded by Grossfeld [1933] for commercial eggs of Danish origin. 

• i U \ Ce 1 , the fisl1 meal " free ration contained only 2-3 % of ether extract, it is 
evident that a considerable proportion of the normal egg fat must be derived 
by synthesis from the non-fatty constituents of the food rather than by direct 
assimilation of fat It cannot be definitely stated whether synthesis of linolenic 
acid from carbohydrate takes place or not, since both the control and fish meal- 
Iree rations contained soya bean meal, which, even when solvent-extracted, 
may contain traces of this acid. 


The addition of palm kernel oil to the ration produced a fatty acid mixture 
of the same composition as that of the fish meal-free eggs. No lowering of the 
molecular weight ol the mixed acids or of the iodine value of the liquid acids 
was observed, as would have been the case had appreciable amounts of the 

lower saturated acids been deposited. 

The ^estion of palm oil and mutton fat did not affect the composition to 
and JSSkT extent, though m the former case the percentage of linolenic 
fneieased M ^ Slg y reduced > and that of the linoleic acid slightly 


nn2tf f le 5 ee , dm f 0i unsaturated oUs a mai 'ked increase in the degree of 
uisatuiatioii took place, accompanied by a decrease in the percentage of solid 

linolenic addt deerease m oleic acid and an increase in both linoleic and 

aeifk^lnweltT a +vf °f ^ le lldxed ae ’ ds was highest, and the percentage of solid 
uniuSirt r mpS , eed ^ «* Where the ration fed. thoufh rich in 
\Vlien h! hi dS i ln , d protem ’ was relativel y deficient in carbohydrate. 

See of WaS f6d ln f° njUncti0n with a carbohydrate-rich ration, the 

raised is ennii a 101 ?, w ff reduced and the percentage of solid acids slightly 
a ieattidei? f hempseed diet. The mash plus linseed oil produced 

fe dc fe rte of unsaturation m the mixed acids than the mash plus hemp oil, 
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in accordance with the iodine values of the respective oils. The percentage of 
solid acids was the same in both cases. 

The percentage of linoleic acid appears to he related to some extent to that 
of the ingested oils. The linoleic acid content of the mixed acids of the oils, 
and of the mixed acids of the eggs produced on the rations containing them, 
are as follows : hemp oil, 67 % ; hempseed and hemp oil eggs, 42 % ; linseed oil, 
39 % ; linseed eggs, 25 % ; mutton fat and palm oil, 2-7 % ; mutton fat and 
palm oil eggs, 17-22 %. Even when no added linoleic acid is present in the 
diet the linoleic content of the egg fatty acids will be approximately 15- 
19%. 

The linolenic acid content also tends to run parallel with that of the ingested 
oils, the largest amount being found when linseed oil is fed, the percentage here 
being over five times that found in the normal egg. Hempseed fed alone raised 
the percentage of linolenic acid in the mixed acids to three times that of the 
normal egg. In this ease the linolenic acid content of the liquid acids, viz. 
12*7 %, approximates to that present in the oil itself. 

When the diet contained ample carbohydrate in addition to the hemp oil, 
however, the linolenic acid was reduced by 50 % . To what extent the linolenic 
acid content might have been raised on linseed alone could not be determined, 
as, owing to its unpalatabilitv, fowls can rarely be induced to eat more than 
small amounts of the seed. 

From these results it appears that the hen, even when abundant carbohydrate 
is present for the synthesis of normal fat, will utilise ingested fatty acids for 
direct deposition in the egg fat. When the ration containing the unsaturated 
fatty acids is deficient in carbohydrate, a greater proportion of the acids will 
be deposited. On the other hand, in spite of the ingestion of large amounts of 
saturated acids in the presence of ample carbohydrate, the composition of the 
mixed fatty acids of the egg tends to remain similar to that produced on a cereal 
plus protein ration containing 2-4 % of ether extract. 

It seems possible that in the synthesis of egg fat, the hen exercises a selective 
influence, and there may be a degree of saturation of the fat which cannot be 
increased by the ingestion of saturated fatty acids, but which can be reduced 
to a marked extent by the assimilation of unsaturated acids. 

Since the fat of the egg-yolk serves as a source of energy for the developing 
embryo, the fact that its composition can be materially influenced by certain 
nutritional factors may be of considerable significance in connection with 
embryonic nutrition, liatchabilitv, etc . 


SECTION II. 

Effect of ingested fat on the composition of the depot fat. 

The dependence of the constitution of the fat reserves on the composition of 
the diet has been clearly established in the case of the pig, notably by Ellis and 
co-workers [1926: 1930; 1931] in their extensive studies on soft pork, and by 
Bhattacharva and Hilditch [1931], and in the case of the rat by Anderson and 
Mendel [1928], Eckstein [1929], Reed et al [1930], Banks et at. [1933] and others. 
All these investigators have found that dietary fat may exert a marked effect 
on the composition of the depot fat. 

Little attention however has been directed towards the study of fat formation 
in birds. Quantitative data exist for the composition of goose fat [Bonier and 
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Merten, 1922], and for the fat of the hen [Grossfeld, 1931], but the effect of diet 
on such composition has received little consideration. 

Henriques and Hansen [1903] found that the iodine values of the fat of > 

three liens fed on a diet of hempseed were 103, 120 and 135 respectively. Schirmer 
[1921] records an iodine value of 74*8 for the fat of geese on a diet of maize and 
olive oil, and 63*2 on maize and mutton fat. In spite of the statement in a 
report from the Kansas Agricultural Experiment Station [1922] that “none of 
the short chain fatty acids of the food are deposited in the body fat of the hen, 
while the unsaturated fatty acids are so deposited’ 5 the actual tabulated data 
show clearly that either saturated or unsaturated fats can be deposited in the 
fat depots of the hen. 

Experimental. 

The birds in this section of the experiment were kept under the conditions | 

of management already described. The same control ration was employed. 

The fats investigated, viz. palm kernel oil, mutton fat and hemp oil, provided 
examples of fats differing considerably in composition from that of the normal 
body fat. Since the inclusion of small amounts of fat in the ration only slightly 
affected the normal composition of the body fat in the pig, it was decided to 
incorporate the palm kernel oil and mutton fat in the control ration at a high 
level, viz. 28 % . In investigating the effect of hemp oil, hempseed was fed as 
the sole diet, owing to the difficulty of obtaining sufficient quantities of the oil 



3Tig. 2. Effect of ingestion of palm kernel oil, mutton fat and hemp oil on 
the mixed fatty acids of abdominal fat. 

Palm kernel oil (i.v. = 15); Mutton fat (i.v. =45); 

• — • — * Hemp oil (i.v. = 164). 

itself. The percentages of fat in these three diets were very similar, since the 
hempseed contained 28-29 % of ether extract. It was however richer in protein 
and considerably poorer in carbohydrate than the fat plus mash rations. 

The work of Scott [1920] having shown that considerable individual varia- 
tion in the composition of the body fat occurs in pigs even under the same 
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conditions of management and dietary regime, it was decided to study pro- 
gressive samples of body fat obtained from the same individual during the 
experimental period. 

' Samples of fat (05-0-8 g.) could be readily removed without injury to the 
bird from the abdominal region, where there is a comparatively large superficial 
deposit in a well- nourished hen. These were taken while the birds were still on 
the control ration, and again at intervals during the experimental period. The 
fat was saponified in evacuated pressure-flasks and the iodine value determined 
on the mixed fatty acids. The results are shown graphically in Fig. 2. 

In pigs and cattle it has also been found that the composition of the fat 
varies significantly in different areas, therefore samples from the various fat 
depots were examined to ascertain whether such variation in composition occurs 
in the fowl. The results are shown in Tables IV and V. As the iodine values of 
the different areas were very similar, it was assumed that the abdominal layer 
could safely be taken as representative of the body fat as a whole. 


Table IV. Iodine values of mixed fatty acids of fat from different depots. 


No. of lien 

Gizzard 

Neck 

Leg muscle 

Abdominal 

3 

93 

92 

93 

90 

15 

79 

79 

— 

78 

17 

64 

67 

65 

65 

25 

90 

90 

90 

88 


Table V. Iodine values of mixed fatty acids of fat from different depots . 


No. 

of 

hen 

5 

8 

29 

32 


Skin 

87-3 

81-4 

92-0 

85-9 


Neck 

88*1 

78*0 

89-98 

81*7 


Leg 

muscle 

Abdo- 

minal 

Gizzard 

Kidney 

Mesen- 

teric 

Epi- 

cardial 

Av. 

I.V. 

Max. 

difi. 

between 

depots 

86*2 

87*1 

84*5 

84*4 

84*0 

85*6 

85*9 

78*2 

4*1 

5*8 



75*6 

77*7 

— 

— 

88*4 

88*1 

89*0 

87*8 

88*0 

90*2 

89*2 

4*2 

81*2 

80*8 

79*7 

81*6 

80*7 

85*7 

82*2 

6*2 


Discussion. 

Composition of different fat depots. 

In the hen fat is deposited as a -thick abdominal layer and as a layer sur- 
rounding the gizzard. Smaller deposits are found in the neck region, chiefly 
between the clavicles, and also along the ventral muscles of the femur. The 
last-mentioned two deposits are relatively superficial. . 

Table IV shows that the iodine values of the fatty acids of the mam iat 
depots are very similar. Since this is in contrast to the findings in pigs and 
cattle, examination of the smaller depots was made, with the results shown m 
Table V. The skin fat was obtained by extraction of the skin itself, winch, 
contains a certain amount of fat along the tracts of the feather follicles. The 
mzzard fat was obtained from the dorsal side of the gizzard only, as the tat 
on the ventral side is more or less continuous with the abdominal layer. Ihe 
differences in iodine value are slightly greater than in Table IV but are never- 
theless much smaller than those recorded for pigs and cattle.. In two cases the 
skin is the most unsaturated layer, in one the epicardial fat is equally high, m 
the fourth the neck fat is one unit higher. It is evident that the most deep- 
seated layers, viz. kidney, mesenteric and epicardial fat, do not show a decidedly 
lower iodine value than the subcutaneous fat, as recorded by Heimques and 
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Hansen [1901] in cattle, where the iodine value of the skin fat was 52, and that 
of the mesenteric fat 40. Even greater differences were found by Bhattacharya 
and Hilditch [1931] in pigs on a normal ration, where the iodine value ranged 
from 63 in the outer back fat to 46 in the perinephric fat. The various fat depots 
of the hen therefore, judged by the iodine values, appear to be of more uniform 
composition than is the ease in certain mammals. That the uniformity extends 
also to the component fatty acids has been shown by the detailed analyses of 
Hilditch et al. [1934], This fact lends support to the suggestion that the tem- 
perature of the different areas is not the sole factor in determining the com- 
position of the fat reserves [Dean and Hilditch, 1933]. 

The variation between individuals in Table IV is due to the fact that the 
birds were taken from the fat-fed groups at various times. No. 8 (Table V) had 
also received a ration containing mutton fat for 6 weeks. Nos. 5, 29 and 32, 
however, which were all on the control ration, show that some individual varia- 
tion in composition exists, even under identical nutrition and management, as 
is the case also in pigs [Scott, 1920]. 

Effect of ingested fat on the composition of the body fat. 

In Fig. 2 individual variation is again evident in the five hens examined at 
the commencement of the experimental period, while they were still on the 
control ration, the iodine values ranging from 81 to 88. A steady change towards 
a harder fat occurred when rations containing 28 % of mutton fat and of palm 
kernel oil were fed. Individuals however varied slightly in rate and degree of 
response to the diets. For example, in the case of No. 19 the mutton fat ration 
lowered the iodine value from its original level (85) to 66 at the end of about 
5 months, while in No. 28 the iodine value fell from 88 to 59 in 4J months. 
After this the iodine value of No. 28 appeared to continue at practically the 
same level. Three other hens (not shown in the figure) on the mutton fat mash 
were operated on, and it was evident from observation of the birds that the 
individual response to the feeding depended in a large measure on the physio- 
logical condition of the bird (whether laying, non-laving or broody) and the 
resulting capacity for food consumption. The iodine value in No. 28, whose food 
intake was very high, fell lower than in any of the other birds examined. 

The biids on the palm kernel oil mash showed a marked response to the 
ingestion of this oil, the iodine value falling from the original level (81-83) to 
51-55 in a little over 2 months. The more rapid change in this case was probablv 
due to two causes. (1) The iodine value of the pahu kernel oil, viz. 15, is much 
farther removed from that of the body fat than is that of mutton fat, viz. 45, 
hence the ingestion of equal amounts of the two fats would result in a greater 
decrease m iodine value in the case of the palm kernel oil feeding. (2) The palm 
kernel oil mash was obviously much more palatable to the birds than the mutton 
tat mash, and food consumption was therefore greater. 

Four birds in the hempseed group were operated on. In each case a rapid 
and pronounced change in the direction of increased unsaturation took place. 
Hie results for two of the birds are shown in Fig. 2. No. 28 showed the most 
rapid and most marked response, the iodine value of 79 at the commencement 
ot the period being raised to 145 within 6 weeks. In No. 22 the iodine value 

period" ^ ^ “ the ° ther two birds to 124 ancl 130 respectively within the same 

With, regard to these data it should be noted that though the fat content 
ot the diet was approximately the same in the three groups, the birds on hemp- 
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seed were receiving a ration which was considerably richer in protein but con- 
tained only a third of the carbohydrate content of the fat plus mash rations. 
In consequence, they probably tended to lay down the ingested fat more rapidly 
than if supplied with a ration containing an adequate amount of carbohydrate 
from which the normal body fat could be synthesised. The results show clearly, 
as did the tabulated data of the Kansas Agricultural Experiment Station Report 
[1922] that the degree of saturation of the mixed fatty acids of the body fat 
can be either increased or decreased by the ingestion of appropriate fats in the 
ration. 

The record of the variations in the iodine value of the mixed fatty acids of 
the abdominal fat of No. 28 over the 12- month period during which she was 
under experiment seems worthy of note (see Table VI). 


Table VI. Changes in iodine value of mixed fatty acids 
of abdominal fat of No. 28. 


Date 

I.V. 

88 

Control ration 

Date 

10. xii. 31 

I.V. 

123 

Hempseed ration 

1. vi. 31 

14. vii. 31 

75 

Mutton fat ration 

17. xii. 31 

9. i. 32 

127 

145 

8. x. 31 

59 


16. i. 32 

— 

Control ration 

10. xi. 31 

61 

„ 

to 

00 

05 

tO 

139 


— 

— 

Control ration 

10. ii. 32 

137 


30. xi. 31 

79 

— 

3. iii. 32 

115 


1. xii. 31 

— 

Hempseed ration 

2. vi. 32 

90 

,, 


It will be seen that saturation has taken place more slowly than unsatura- 
tion, both during the production of a more saturated fat than the normal, and 
in the production of a normal fat from an abnormally unsaturated one. This does 
not necessarily mean that the hen tends to select the unsaturated acids more 
readily than the saturated acids, since various factors may have combined to 
produce this effect. The palatability of the respective rations, the ratio of fat 
to carbohydrate present, the degree of divergence of the iodine value of the 
ingested fat from that of the body fat, the varying appetite and condition of 
the bird, must all be taken into account. 

The rapidity with which, the experimental rations have influenced the com- 
position of the body fat is not very surprising in view of the hen’s intense 
physiological activity. In the fowl, the weight of thyroid per kg. of body weight, 
and also the percentage of iodine in the thyroid are greater than in mammals 
[Cruickshank, 1929], A higher metabolic rate therefore results, as shown by 
the body temperature (104-108° F. as compared with 101° F. in the cow, or 
103° F. in the pig). Respiration and heart beat, digestion and absorption are 
more rapid, while food consumption per unit of body weight is considerably 
greater. The high metabolic rate is essential in a system of reproduction entailing 
a rapid transformation of raw materials into food constituents for embryonic 
use. In a hen laying 250 eggs per annum , this involves an output of 31 lbs. of 
eggs, of which 4*1 lbs, are protein, 3-3 lbs. are fat and 3-1 lbs. are CaC0 3 in 
the form of shell. 

From our results it appears that the selection which the hen exercises with 
regard to the deposition of ingested fat in the egg does not hold in the case of 
the body fat, which, so far as can be ascertained by the iodine value, may be 
markedly influenced by the fatty acids ingested, irrespective of their degree of 
saturation. It seems possible also that changes in the composition of the flit 
can be more rapidly induced in the bird than in the mammal, owing to the 
higher rate of metabolism of the former and the resulting rapid utilisation of food. 
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Summary. 

Effect of ingested fat on the composition of the egg fat- On normal cereal rations 
containing protein supplements, the mixed fatty acids of the egg fat contained 
about 31 % solid acids, 47-51 % oleic acid, 15-19 % linoleic acid and 2-3 % 
linolenic acid. 

While the degree of saturation and the proportion of the component fatty 
acids could be considerably modified by the ingestion of unsaturated fatty acids, 
the ingestion of saturated acids had relatively little effect in altering the normal 
composition of the mixed fatty acids of the egg fat. 

Effect of ingested fat on the composition of the depot fat. The iodine values of 
the mixed fatty acids of the different fat depots in the hen were determined. 
These indicated that the superficial and internal fat reserves are more uniform 
in composition than in the ease of pigs and cattle. 

Observations on individual birds showed that the ingestion of high percen- 
tages of saturated fatty acids in the form of palm kernel oil and mutton fat 
definitely decreased the degree of saturation of the mixed fatty acids of the 
depot fat, while the ingestion of unsaturated acids in the form of hempseed 
resulted in a marked and rapid increase in unsaturation. 

I am greatly indebted to Mr E. T. Hainan for his interest and encouragement 
throughout the work. My best thanks are also due to Prof. T. P. Hilditch, whose 
advice and helpful criticism have been invaluable. The expenses of the investi- 
gation have been defrayed by a grant from the Empire Marketing Board. 
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CXXXVil. BILE PIGMENTS. VI. BILIVERDIN, 
UTEROVERDIN AND OOCYAN. 

By RUDOLF LEMBERG. 

From the Biochemical Laboratory , Cambridge. 

(. Received April 30th , 1934.) 

By dehydrogenation of bilirubin with ferric chloride a green pigment, dehydro - 
bilirubin, has been prepared. The same pigment is found in nature as oocyan in 
the egg-shells of gulls and other birds [Lemberg, 1931] and as uteroverdin in the 
dog’s placenta [Lemberg and Bar croft, 1932]. Dehydromesobilirubin, which 
differs from dehydrobilirubin merely in having saturated side- chains, was pre- 
pared by Fischer et al . [1932] and called glaucobilin. 

Analysis of the dimethyl esters of these pigments showed that these com- 
pounds possess two hydrogen atoms less than bilirubin and mesobilirubin, but 
the same number of oxygen atoms, i.e. six. The first analytical values of the 
oocyan ester showed some divergence, but later analyses [Lemberg, 1932] gave 
the same results for oocyan and dehydrobilirubin esters. The constitution of 
dehydrobilirubin is established in the present paper by analyses of dehydro - 
bilirubin (free acid). The first analyses of this substance favoured a formula with 
eight oxygen atoms, while the results of Fischer on glaucobilin (free acid) 
corresponded to a formula with seven oxygen atoms. Analyses of carefully 
purified dehydrobilirubin establish the formula C 33 H 34 0 6 N 4 . The analyses of the 
free acid and the esters show furthermore that only" two hydrogen atoms have 
been removed by the dehydrogenation of bilirubin." 

A second point which required further investigation was the relation of 
dehydrobilirubin and dehydromesobilirubin to biliverdin and mesobiliverdim, 
pigments showing similar colours and absorption spectra, which are obtained 
by autoxidation of bilirubin and mesobilirubin in alkaline solution. It is now 
shown that mesobili verdin ” is actually a mixture consisting largely of dehydro - 
mesobilirubin together with certain by-products which cannot be obtained in a 
pure state, but give the impression of being resinified substances. The yield of 
pure dehydrobilirubin from “biliverdin” is lower. This is to be expected as the 
unsaturated side-chains form a point of attack for alkali and oxygen. It seems 
preferable now to apply the convenient name “biliverdin” to pure crystalline 
dehydrobilirubin, instead of to a mixture of the latter with products of secondary 
alteration. The name mesobiliverdin rather than dehydromesobilirubin or glau- 
cobilin will in future be used for the product with saturated side-chains. 

A further simplification is rendered possible by the evidence now brought 
forward that the differences in optical properties between crystals of uteroverdin 
ester and oocyan ester, observed by Bernal in 1931 [Lemberg and Barcroft, 
1932 ], are due merely to differences in growth and formation of the crystals, 
and piobably do not indicate structural difference. Further investigation has 
confirmed the existence of two different crystal forms of biliverdin ester differing 
only with regard to pleochroism and extinction. One of these forms is obtained 
from biliverdin synthesised from pure bilirubin, the other (usually mixed with 
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the first) from biliverdin obtained from bilirubin mother-liquors and from the 
natural biliver dins, particularly utero verdin. 

This matter has been carefully investigated, as the existence of slight differ- 
ences between isomeric bile pigments might have an important and interesting 
significance. According to recent investigations of Fischer and his collaborators 
bilirubin is represented by a formula in which four pyrrole nuclei are linked 
together by three carbon atoms to form an open chain. Bilirubin arises from 
protoporphyrin by oxidative opening of the porphyrin nucleus; one ot the four 
CH-groups of the ring (a in the formula) is removed and replaced by two hydroxyl 
groups : 

(7) (y) 

8 H 8 s n 2 s 

A. yCw A yCv A 


(p) HC, 


h n ~< 


Y OH HO A 
M V 


i/=.CHa 
F=CH:CH 2 
S -.CH3.CH2.CO2H 


Fischer and Hess [1931] had assumed a symmetrical position of the methyl and 
vinyl groups in the rings I and IV of bilirubin (CH 3 next to C)H in ring IV, 
instead of vinyl as in the formula above). This would have meant that the 
formation of bilirubin from protoporphyrin implies decomposition of the latter 
and resynthesis, as the position of the side-chains in ring IV could not be changed 
in any other way. Later, however, Sieclel and Fischer [1933] proved that the 
side-chains of bilirubin are unsymmetrically arranged exactly like those in 
haemin and protoporphyrin. The ring is opened between the rings I and IV and 
the oc-CH-group is removed. 

Now three other bilirubins may arise from protoporphyrin if the ring could 
be opened at one of the other CH-groups ()8, y, S) instead of at a. Thus isomeric 
bilirubins would originate differing from each other in the position of the side- 
chains attached to the rings. Such isomerides are often extremely similar and 
may even give no depression of the melting-point if mixed. Examples are found 
in the paper of Siedel and Fischer [1933] and previous ones of Fischer, e.g. the 
three mesobilirubins (Ilia, IXoc, Xllla) di ffering in the position of the side- 
chains attached to the rings I and IV. The difference of the two forms of bili- 
verdin ester, if actually due to a structural difference, could only be caused by 
a difference in the position of the side-chains. The absence of a melting-point 
depression, the analytical data, the identity of the absorption curves and of 
other properties (such as basicity and solubility) leave no doubt that the 
nuclear system of the four pyrrole rings and the arrangement of the double 
bonds are the same in both forms. 

The biliverdin ester of the form predominantly present in utero verdin (which 
is different from the form obtained from pure bilirubin) can be obtained from 
mother-liquors of bilirubin and from gallstones. If thus structurally different 
types of biliverdin exist, then it is almost certain that there are two corre- 
sponding structurally different bilirubins. Uteroverdin, moreover, is formed in 
haemorrhages hi placental tissue and is definitely of extrahepatic origin; 
thus the different biological origin is possibly connected with the chemical 
difference. 
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In .the crystallographic investigations of the esters and their hydrochlorides 
I had the valuable help of Mr Rawlins of the Mineralogical Laboratory at 
Cambridge. These investigations show that the assumption of a structural 
difference between the two different crystalline forms is unnecessary, and that 
uteroverdin, oocyan and biliverdin may be considered identical. These investi- 
gations do not necessarily exclude the above explanation of the observed differ- 
ences, but they give no evidence for it. Two different forms of protoporphyrin 
crystals have been observed by Richter [1930], one of which is caused by 
impurities according to Fischer et al. [1931] and Harnsik [1931] K 

The microanalytical part of the work has been done by Dr Roth, Heidelberg. 

Experimental. 

Mesobiliverdin by autoxidation of mesobilirubin . 

The autoxidation of mesobilirubin to mesobiliverdin in alkaline solution was 
studied under different conditions and the product of the reaction was isolated. 
The effect of piperidine was tried, as this substance accelerates the autoxidation 
of dihydropolyenes [Kuhn and Drumm, 1932]. 

Five small crystallising dishes were filled as follows: I, 1*7 ml. 0*22 N NaOH. 
II, 3 ml. of the NaOH and 1 ml. water. Ill, IV and V like II but with the 
addition of 0*1 ml. M/10 ferrous sulphate solution to III, 0-01 ml. of the same 
solution to IV and one drop of piperidine to V. In each of them 0*1 g. of meso- 
bilirubin was dissolved requiring theoretically 1*54 ml. of the NaOH solution 
. (2 mol.). I contained 2*2, IX-V 3-9 mols. of alkali. The dishes were placed in a 
water-filled desiccator and kept in it at 30°. After 12 hours only the solution in 
IV had turned green, the other ones were olive-brown. After 4 days’ standing 
I and IV were green; II, III and V olive-green. Therefore the reaction proceeds 
best if a great excess of alkali is avoided. The reaction is accelerated by traces of 
iron, but not by piperidine. 

The solutions I and IV were mixed and acidified with dilute acetic acid. The 
pigment (from 0*2 g. mesobilirubin) was extracted with ether, and after eva- 
poration of the ether, the residue was extracted with methanol, which left some 
unchanged mesobilirubin undissolved. The mesobiliverdin was then esterified 
by passing in hydrogen chloride. After keeping overnight, esterification was 
completed by boiling the solution, diluted previously with half its volume of 
absolute methanol, for 15 minutes. It was then evaporated in vacuo. The 
residue was dissolved in a small amount of methanol, sodium acetate solution 
was added and the ester was extracted with ether. The extract was washed with 
1 / 0 sodium carbonate solution and water. The ether was evaporated and the 
product recrystallised from methanol. 31 mg. of pure mesobiliverdin dimethyl 
estei crystallised out. m.p. 221° (eorr.). It w r as identical in every respect with 
glancobilin ester [Fischer et al ., 1932]. 

The same substance was obtained from II, III and V, but the yield was smaller. 

Biliverdin by autoxidation of bilirubin . 

0*58 g. of bilirubin was dissolved in 10*5 ml. of 0*22 N NaOH and 0*07 ml. 
of Mj 10 ferrous sulphate solution was added. After 6 days 5 standing at 30° some 
precipitated bilirubin (10 mg.) was filtered off and the biliverdin taken up in ether 
and precipitated therefrom as described below. 150 mg. of crude biliverdin were 
obtained, which however gave only 10 mg. of well crystallised pure biliverdin 

Lindeiifeld [Idol, 1933] considers the different crystalline forms of iiaeniin and porphyrin 
esters to be polymorphous modifications. 
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dimethyl ester, m.p. 220-221° (corr.). The crystals were those termed form A 
below. No depression of the melting-point was obtained with dehydrobilirubin 
dimethyl ester [Lemberg, 1932]. 

The considerable ether-insoluble part of the green pigment was almost 
insoluble in methanol. From its solution in pyridine it was precipitated by hot 
methanol in very fine amorphous flocks of almost black colour and resinous 
character. Dilute methyl alcoholic hydrochloric acid dissolved it with an olive- 
brown colour due to included bilirubin; more concentrated methyl alcoholic 
hydrochloric acid again precipitated black flocks. 

Mesobiliverdin from the products of the Gmelin test for mesobilirubin. 

0-1 g. mesobilirubin was dissolved in 100 ml. of warm chloroform. A few 
ml. of chloroform were shaken in a test-tube with one drop of fuming nitric acid, 
and I ml. of this added to the mesobilirubin solution. The colour changed slowly 
to olive-green. After 6 minutes the colour had become green with a yellow 
tinge at the borders of the liquid. The reaction was stopped at this time by 
shaking with water containing a little sodium acetate. The chloroform was 
evaporated and the residue taken up with absolute methanol which left 30 mg. 
of unchanged mesobilirubin undissolved. The solution was blackish-blue in 
neutral, blue in acid solution. The acid solution showed, besides the absorption 
in the red due to mesobiliverdin, a weak hand at 590 nip. On addition of zinc 
acetate the neutral solution turned green with weak red fluorescence and showed 
three bands, the strongest at 685 mp, a weaker one at 630 mp and a very weak 
one at 578 mp. The violet pigment which causes the band 590 mp in acid solution 
and the bands at 630 and 578 mp and the red fluorescence of the zinc salt will he 
discussed in another paper. 

The pigment in the methyl alcoholic solution was esterified and the ester 
brought into ethereal solution as described above. From the ethereal solution 
mesobiliverdin ester was extracted with 1 % hydrochloric acid which showed 
now the characteristic blue-green colour and absorption only in the far red. The 
by-products, among them the weakly basic violet pigment, remained in the ether. 
The mesobiliverdin ester was shaken out with fresh ether after addition of 
dilute sodium carbonate solution. It was recrystallised from methanol. 25 mg. 
of steel-blue prisms of mesobiliverdin dimethyl ester were obtained, m.p. 
220° (uncorr.). 

If the Gmelin reaction were allowed to proceed until the blue phase was 
reached the yield of mesobiliverdin became very small. 

Mesobiliverdin by oxidation of mesobilirubinogen with ferric chloride . 

6-3 g. mesobilirubinogen (the chromogen of mesobilirubin) was boiled for 
1*5 hours with a solution of 1-5 g. FeCl 3 in 9 ml. 25 % hydrochloric acid and 
50 ml. methanol. On cooling well formed rectangular blue leaflets with straight 
ends crystallised out. Yield 0*2 g. 

Although the crystals looked perfectly uniform, they were mixed crystals of 
two different substances. Their blue solution in acid alcohol showed, besides 
strong absorption in the red, a band at 595 nip and one at 55o mp with a shading 
between the two. In the neutralised solution on addition of zinc acetate a strong 
red fluorescence appeared and the blue-green solution showed bands at 685, 631 
and 578 mp. If the crystals were recrystallised twice from methanol containing 
some HC1 flat blue-green needles with straight ends were obtained, whereas 
the mother-liquor was blue. The solution of the crystals now showed absorption 
only in the red; the zinc compound was green and without fluorescence. The 
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mother-liquors gave a blue zinc compound with strong red fluorescence and the 
bands 631 and 578 my , ; the acid solution showed the bands at 595 and 555 my. 
These bands are caused by mesobiliviolin. The crystals are the ferric chloride 
double salt of mesobiliverdin dimethyl ester (the “ferrobilin ester 5 5 of Fischer 
et al. [1932]). m . p . 276° (not corr.). (Found: C, 52-04; H, 5-34; Cl, 16*81* 
Ee, 5-72; OCH 3 , 7-52 % . . HC1 . FeCl 3 requires C, 51*66; H, 5*33; 

Cl, 17*45; Fe, 6*87 ; 20CH 3 , 7*63 % .) The low value for iron is explained by the 
fact that FeCl 3 is volatile and iron was assayed as combustion residue. 

Optical properties of the crystals: pleochroism: blue, if long axis of platelets 
parallel to plane of polarisation (NS), blue-green in perpendicular orientation 
(EW) 1 . Extinction almost straight. 

By mild treatment with alkali they were transformed into mesobiliverdin 
ester as described by Fischer et al. [1932]. 

Similar mixed crystals to those mentioned above, but richer in mesobiliviolin 
chloride, result from shorter treatment of mesobiliru binogen with ferric chloride. 
They have been obtained previously and considered to be pure mesobilicyanin 
chloride [Lemberg, 1933]. It will be shown in another paper that “ bilicyanins 55 
are mixtures of pigments, which are coloured blue-violet in acid, red-violet in 
neutral solution, with biliverdins. For this reason the term violin is used, 
although the “mesobiliviolin 55 of Fischer and Niemann [1924] is a mixture of 
still more complicated nature. 

Preparation and analysis of biliverdin. 

Free biliverdin (dehydrobilirubin) is rather insoluble in ether. The yield 
could be greatly increased and much ether saved by using for extraction ether 
rich in methyl alcohol. 

The crude ferric chloride double salt of biliverdin chloride was prepared 
from bilirubin by oxidation with ferric chloride in glacial acetic acid as described 
by Lemberg [1932]. 0*5 g. of this material is dissolved in 30 ml. of N/5 NaOH and 
filtered from ferric hydroxide; 100 ml. of methanol are added, the solution is 
acidified with dilute acetic acid and immediately poured into 500 ml. ether and. 
shaken. It is then extracted several times with ether, some more methanol 
being added after each extraction. The solution must be kept acid with acetic 
acid. The extraction is continued until ether no longer extracts an appreciable 
amount of the pigment, even if some more methanol has been added. 1*5 1. 
°f efker have been found necessary. The remaining watery solution contains a 
fine precipitate of ether-insoluble “biliverdin 55 which is filtered off and dried 
(80 mg. of this by-product). 

The ether solution is washed with water. The first washings remove with the 
methanol a pait of the pigment. This is precipitated by addition of some more 
sodium acetate (the reaction must remain slightly acid j and filtered off or taken 
back into ether. The greater part of the biliverdin precipitates from the ether 
solution when the methanol is washed away with water. If the ethereal filtrate 
is concentrated to 50 ml. and washed again, a second portion of the pigment is 
obtained. The ether remains violet and contains some biliviolin. 

, The & reen precipitates of the ether-soluble part are collected, washed care- 
fully and dried in the desiccator. They are dissolved by boiling with 200 ml. 
of methanol. The solution is filtered and concentrated to 30 ml. ; 240 mg. of 


. 1 Tlle P lirases North-South (NS) and East-West (EW) refer to the position in the field of 
view of the polarising microscope. 
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biliverdin crystallise out. This yield, however, can be obtained from the first 

crystallisation of the ferric chloride double salt only. A much smaller yield is ■ 1 

obtained and more of the amorphous ether-insoluble by-product, if that part , j 

of the ferric chloride compound is used which comes out of the glacial acetic ' 1 

acid mother-liquors. Thus the total yield of crystalline product is no more than I 

30 % of bilirubin. 1 

The substance was dried for analysis at 80° and 0T mm. over phosphorus ■ ■I 

pentoxide. (Found: C, 64-63, 64-89; H, 6*00, 5-95; N, 9-06, 8*91, 9-07 %. : j 

^H 3 40 6 X 4 requires: C, 68*01; H, 5*89; N, 9*62. CyH^OgNi requires: C, 64*04; 1 11 

H, 6*19; N, 9*06%.) • J 

The analysis of the dimethyl ester of this preparation showed that it contains 
six oxygen atoms like that of Lemberg [1932]. The starting material, the crude j j 1 

ferric chloride double salt also contains six oxvgen atoms only. (Found: . * 1 

0, 50*73; H, 4*59; N, 6*75, 6-67, 7*04; Cl, 17*54, 17*34; Fe, 6*42, 7*11%. ;f§ 

^ 33 H 34 °e N 4 * HC1 . FeCl 3 requires : C, 50*71 ; H, 4*52 ; N, 7*17 ; Cl, 18-18; Fe, 7-16 % .) 

The first iron value was calculated from the weight of the combustion residue, j 1 1 

the second obtained by direct precipitation of ferric hydroxide with ammonia. 3 

After the biliverdin had been recrystallised twice from methanol the analysis 

now confirmed the formula with six oxygen atoms for the free acid as well. j 

(Found: C, 67-87; H, 5-79 %. C 33 H 34 0 6 N 4 requires : C, 68-01 ; H, 5*89 %.) The 

analytical values for H show that biliverdin has no more than two hydrogen ' i 

atoms less than bilirubin. (For the free acid have been found: H, 6*00, 5-95, tj I 

5*79 % . CggH^OgJS^ requires : H, 5*89 % ; C 33 H 32 0 6 N 4 : H, 5*56 % . Dimethyl ester, 5 j 1 

found: H, 6*42, 6*50, 5*96 % (uteroverdin ester); 6*26% (oocyan ester); 6-39, 

6*44 % (biliverdin ester). C 35 H 3S 0 6 N 4 requires : H, 6*28 %; C 3 5H 36 0 6 ]Si 4 : 5*96 %.) :j I 

The ether-insoluble by-product still contains some biliverdin. From its J 1 

method alcoholic solution, methyl alcoholic HC1 gives a fine blackish precipitate. 

If this is filtered off, a mixture of amorphous and crystalline chlorides is obtained j |l 

by addition of hot 2 N HCL 1 

Chlorides of biliverdins. 1 

Mesobiliverdin chloride . 50 mg. of mesobili verdin are dissolved in 15 ml. of I j 

boiling methanol and 40 ml. of hot 2 A 7 aqueous hydrochloric acid are added. 

After a short time an amorphous precipitate appears; this is filtered off. The 

chloride crystallises from the filtrate in fine green needles. , | 

The substance is dried for analysis in vacuo at 20° over P 2 0 5 to avoid disso- 
ciation and loss of HCL (Found : N, 8-78, 8*98 ; Cl, 4*46, 4*21 % . C 33 H 38 0 6 N 4 . HC1 

requires: N, 8*98; Cl, 5*70 %.) 1 

Mesobiliverdin dimethyl ester chloride is obtained in the same way. It crystal- 
lises also, on standing, from its solutions in 1 % hydrochloric acid obtained by j 

i extracting its ether solution with the former: m.p. 175-176°; no complete 

melting, but sintering together. : tj 

Biliverdin chloride. Fine green needles. Extinction slightly oblique. Pleo- . 

chroism: (NS) blue-green (darker), (EW) yellowish-green (lighter). (Found: 

C, 63*38, 63-36; H, 5-52, 5*75; N, 7-02, 6-84; Cl, 4-81, 4-71 %. C 33 H 34 0 6 N 4 . HC1 ;| 

requires: C, 63-99; H, 5-55; N, 9-05; Cl, 5-74 %.) The nitrogen is 2 % too low. ;j 

On drying at 0-i mm. and 80° over phosphorus pentoxide for several hours, ;■ 

9-615 mg. substance lost 0-363 mg., but there was no considerable increase in J 

nitrogen percentage. (Found : N, 7-09 % .) There can be no doubt however about i 

the existence of a monochloride. 

Biliverdin dimethylester chloride. Fine green needles with no definite m.p. 

The crystal properties are given below, 
i Biochem. 1934 xxvm 
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Complex salts of biliverdins . 

For these experiments mesobiiiverdin ester was used. 

Zinc salt. A few ml. of a solution of the ester in methanol were filled into a 
Tlranberg tube, in which was placed a small test-tube containing zinc acetate 
solution. The tube was evacuated twice and filled with nitrogen free from oxygen. 
When the solutions were mixed the colour turned immediately from blue to 
green. The general absorption in the red part of the spectrum gave place to a 
sharper band, with its centre at 685 mp. This is the band of the complex zinc 
salt. There is however no fluorescence. 

On addition of water and ether, the zinc compound passed from methanol 
into the ethereal layer. When this was shaken with A 7 /10 HOI, the zinc compound 
was decomposed ; the liberated mesobiiiverdin ester passed into the acid, showing 
the typical green colour. 

On standing exposed to the air the zinc compound was slowly changed, 
much faster if ammonia is added. The red fluorescence and the absorption band 
at 630 mp characteristic of bili violins appeared. 

Copper salt The formation of the copper salt was carried out in nitrogen as 
in the case of the Zn salt. The solution turned olive-yellow when the copper 
acetate solution was added. No distinct band could be seen, but general absorp- 
tion in the red, blue and violet. When the copper compound was brought into 
ether and this shaken with W/IO HC3, no mesobiiiverdin was extracted. The 
ethereal solution was now green and showed a strong band at 650 nip. When 
now 2 N HC1 was added, a play of colours developed. Immediately under the 
green ethereal layer the acid aqueous layer showed a blue zone with a red-violet 
one below. Gradually the acid solution turned blue-violet, but after some time 
green flocks of mesobiiiverdin chloride precipitated and left the solution red- 
violet, showing absorption bands at 600 and 550 mp. 

There must exist a copper compound, or otherwise the mesobiiiverdin would 
have been extracted by the dilute acid from ether. The copper complex salts of 
pyrrole compounds are more stable towards acid than those of zinc. The stronger 
HC1 however splits the compound and sets free the bile pigment which has been 
changed partly into a biliviolin. Whether this more rapid change of the copper 
salt is due to an oxidation by bivalent copper or occurs as an effect of the stronger 
acid on the copper complex is not clear. 

If ammonia were added the olive copper compound gave a blue solution 
showing the typical bands of complex salts of the biliviolin type at 632 and 
578 mp. 

Biliver din, uteroverdin and oocyan dimethyl esters. 

In the paper of Lemberg and Barcroft [1932] Bernal reported that oocyan 
and uteroverdin esters differed in the optical properties of the crystals. I found 
later a similar difference between the crystals of uteroverdin ester and bili verdin 
ester obtained from bilirubin with ferric chloride. 

Different preparations of natural and synthetic biliverdin esters have been 
examined. All crystallise in one of the two forms which may be called A and B 
or they may contain a mixture of both. Form A is that observed by Bernal for' 
oocyan ester, form B that found by him for uteroverdin ester, 'in Bernal’s 
report the orientation of the pleocliroism of both forms was given inversely to 
that observed now, which was probably due to a mistake. 

Pure A was obtained if pure bilirubin was dehydrogenated whether with 
ferric chloride or with atmospheric oxygen in alkaline solution. Even impure 
samples of the ester crystallised then in. the A-form only. The purest was one 
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obtained by esterification of pure crystalline biliverdin; its m.p. was 223° (corn). 
But samples melting as low as 195° crystallised as A. 

Very small amounts of B were obtained from pure bilirubin twice. Once bill 
rubin was extracted with boiling glacial acetic acid. A very small amount went 
into solution and was simultaneously dehydrogenated to biliverdin which gave B 
on esterification. . Again a very small sample of B was got from the ethereal 
mother-liquor of biliverdin, after the chief part of the biliverdin had separated. 

B was predominant in uteroverdin ester, some samples of which were almost 
free from A. The ester of ooeyan contained more A and less B. Mixtures of 
A and B resulted also from biliverdin extracted from ox gallstones by extraction 
with boiling glacial acetic acid or by dehydrogenation of bilirubin, which had 
been prepared from the mother-liquors in chloroform by precipitation with 
alcohol. Here again the melting-point varied from 196° up to 209° (for utero- 
verdin ester) and to 215° for the product of the glacial acetic acid extract of 
gallstones. There was no melting-point depression on mixing the different A 
or B esters or A with B ester. 

No change could be observed from B to A or reverse, on recrystallisation. 
If a mixture of A and B were fractionated by crystallisation from methanol, A 
crystallised first, B from the mother-liquors. 

The mesobiliverdin synthesised from analytical neoxanthobilirubic acid 
[Fischer et al. 1932] is according to Sieclel and Fischer [1933] a mixture of the 
natural (unsymme trical) mesobiliverdin with two other symmetrical meso- 
bili verdins with different position in the side- chains. The crystals of the synthetic 
mesobiliverdin ester were compared with crystals of that obtained from bilirubin 
(“natural ester 55 ). 

Natural ester: oblique extinction; pleoehroism extraordinarily strong (NS), 
violet-grey (EW), blue; at 45°, red-violet. 

Synthetic ester: Extinction changing from almost straight to oblique. 
Pleoehroism different in different crystals, partly similar to the “natural” pro 
duct, partly much less distinct. 

Although these facts seem to favour the assumption that A and B forms are 
structurally different, the exact investigation of the optical properties of the 
crystals showed that the differences can be explained satisfactorily as due to 
growth and orientation of the crystals; a particular impurity may cause the 
substance to crystallise in the B form. 

If the crystals are monoclinic, then A may be a form in which the crystals 
are tabular parallel to (110) or another vertical face elongated along c. The 
extinction would then be oblique. Tilting the crystal along its long axis into the 
direction in which the light is perpendicular to (100) should give straight 
extinction, turning it in the opposite direction should increase the angle of 
extinction up to the value it shows for its (010) plane. That is what actually 
happens if the A- crystals are tilted on a hemisphere. 

The B-crystal may be one showing its (100) or (001) plane. The different 
pleoehroism can be explained by the fact that it is elongated along b. Thus on 
turning the extinction remains straight. 

Further evidence against the assumption of a genuine difference between A 
and B arises from the investigation of the hydrochloride crystals. No difference 
could be found between the chlorides of pure A-ester and of uteroverdin ester. 
Both show the following properties : fiat needle-shaped green prisms ; complete 
extinction almost straight (deviation less than 2°). Pleoehroism: (NS) blue- 
green (dark in sodium light), (EW) green (lighter in sodium light), slow wave 
parallel to long axis. The partial birefringence can be roughly estimated to be 0*02. 
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Discussion. 

Two formulae have been discussed for biliverdin [Fischer and Adler, 1931 ; 
Lemberg, 1932; Siedel and Fischer, 1933; Lemberg and Bader, 1933] which 
differ in the position of the double bonds in the rings I and II : 
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I had preferred formula I in 1932, as biliverdin was then thought to be incapable 
of forming complex salts, and this formula accounted better for their non- 
existence. But as complex salts have now been proved to exist, there is no 
longer any reason for preferring it. Furthermore a substance of formula I 
should form dichlorides (as the porphyrins do) on its two middle basic nitrogen 
atoms, whereas in formula II a monochloride, which has been found, is under- 
standable ; the two nitrogen atoms of the rings I and IV are less basic beina- 
lactim -nitrogen ( — N~C(OH) — ). ° 

Mesobiliverdin was considered by Siedel and Fischer [1933] to be the blue 
stage of the Gmelin test. It is shown in this paper that this pigment is the chief 
product in the green phase of the Gmelin test, whereas it is hardly present when 
the blue phase is reached. The Gmelin test was carried out at high dilution which 
favours the successive formation of the single reaction phases. Nevertheless 
mixtures were obtained^ They were separated by use of the Willstatter HC 1 - 
number method, which is as applicable to certain types of bile pigments as to 
porphyrins or chlorophyll derivatives. 

Mesobiliverdin has been obtained in the form of the ferric chloride double 
salt of its ester chloride by oxidation of mesobilirubinogen with ferric chloride. 
The bearing of this observation on the relation between the green and violet bile 
pigments (mesobiliviolin and the phycobilins of red algae) and on the urobilin 
problem will be discussed in a forthcoming paper. A short report has been 
already given [Lemberg, 1934]. 

Summary. 

The preparation is described of dehydromesobilirubin dimethyl ester from 
crude mesobiliverdin” and of dehydrobilirubin ester from “biliverdin.” It is 
proposed that the names biliverdin and mesobiliverdin should be used for the 
green dehydrobilirubins. 

Mesobiliverdin forms the first (green) stage of the Gmelin reaction, from 
which it could be isolated in a yield of 36 % of the mesobilirubin which entered 
the reaction. 

Mesobiliverdin is obtained from mesobilirubinogen by oxidation with ferric 
chloride m the form of the ferric chloride double salt of its dimethyl ester chloride 
( B 35 -ti 42 v)gJN 4 . MCI . FeClg). 

„ of Preparation of biliverdin is improved and its formula 

(with two hydrogen atoms less than bilirubin) is confirmed. 

Biliverdin dimethyl ester can crystallise hi two different forms. The first 
iorm is obtained from pure bilirubin. Natural hiliverdins (uteroverdin and 
oocvan) give a second form mixed with more or less of the first ; so does biliverdin 
from the mother-liquors of bilirubin. The two types can be explained by differ- 
ences of crystal growth and the crystallographic investigation gives no evidence 
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of the existence of two structurally different substances. Biliverdin, uteroverdin 
and oocyan may be considered as identical. 

Crystalline monochlorides are obtained from biliverdin, mesobiliverdin and 
their esters. The bill verdins form complex salts with Zn and Cu, but the Zn salt 
lacks the typical fluorescence of pyrrole pigment zinc complexes. These obser- 
vations allow of a decision between the two formulae which have been proposed 
for biliverdin. 
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{Received April 30th, 1934.) 

The reaction of acetylated glucosamine with |>-dimethylaminobenzaldehyde 
was first observed by Muller [1901] who showed that after warming a solution 
of penta-acetylglueosamine with dilute potassium hydroxide an intense reddish- 
purple colour was produced by the addition of a solution of p- dimethylamino - 
benzaldehyde acidified with hydrochloric acid [Ehrlich’s reagent; 1901], 

A colorimetric method for the quantitative estimation of N-acetylglueos- 
amine, based on the above reaction, has recently been described by Zuckerkandl 
and Messiner-Klebermass [1931]. These workers suggested that when iV-acetyl- 
glucosamine (II) is warmed with dilute alkali the aldehyde group and the 
acetyl group react together with the subsequent formation of a pyrrole de- 
rivative (I) which then condenses with ^-dimethylaminobenzaldehyde to yield 
the characteristic red coloration which pyrroles are known to give with Ehrlich’s 
reagent. We have obtained evidence [Elson and Morgan, 1 933, 1 , 2, and unpublished 
results], however, that N-acetylglucosamine reacts in the enolic form (III) and 
passes over with loss of water into the oxazole derivative, 2-methyl-4-aSyS- 
tetrahydroxy-?i-butyloxazole (IV), and we consider that it is the condensation 
of this, substance with p-diin.ethylaminobeiizaIdehyde in acid solution which 
gives rise to the intense reddish purple coloration. The action of dilute alkali on 
A -acetylglucosamme will be considered in more detail in a later comm uni cation. 


CH: 

I 

CH. 


\nh/ 


=C!H 

c'o 


CHOH 

inoH 

CHOH 

ch 2 oh 

X 


OHO 

| 

CH . OH 

HO O 

.c.nh.co.ch. 

i| 

C.N.C(OH)GH s 


CHOH 

| 

CHOH 

CHOH 

CHOH 

| 

CHOH 

Ahoh 

CHOH 

I 

| 

CHOH 

AhOH 

CHoOH 

CH 2 OH 

1;h 2 oh 

II 

III 

IV 


According to the procedure of Zuckerkandl and Messiner-Klebermass 
A -acetylglucosamme (1-4 mg.), after dissolution in 5 ml. of 60% aqueous 
alcohol, is heated for 6-8 seconds at boiling-point with two drops of 30 % 
potassium hydroxide solution and rapidly cooled. The yi-dimethylaminobenz- 
aldehyde reagent (1 ml.) is then added and after 10-15 minutes the reddish- 


1 Jenner Research Scholar. 
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purple colour which develops is matched eolorimetrically against the colour 
produced by a standard solution of A -acetylglucosamine which has been treated 
in the same manner. 

In our experience this method cannot he used where accurate and repro- 
ducible results are required. It is not proposed to discuss here the numerous 
variations _ in technique which have been tried in order to render the method 
suitable for our requirements, but only to state that investigations were carried 
out to determine the optimum conditions under which A- acetylglucosamine 
could be converted into the oxazole derivative (IV) and to ascertain the factors 
which are necessary for the production of the maximum colour intensity per mg. of 
the oxazole derivative when this compound is condensed with p - dime th y I ar n ino - 
benzaldehyde. 

Early in our work it was found that unless the operation of boiling the 
acetylglucosamine in alkaline alcoholic solution were very carefully controlled 
a considerable proportion remained unconverted into the oxazole derivative or 
was destroyed by the action of the alkali. In view of the marked influence of 
potassium hydroxide upon the quantitative conversion of the A-aeetylhexos- 
amine into the corresponding oxazole under these conditions we consider that — 

“two drops of 30 % potassium hydroxide ” — and — “heating for 6-8 seconds at 
boiling-point” — as recommended by Zuckerkandl and Messiner-Klebermass, do 
not define the concentration of alkali present in the test solution, or the time of 
heating, with sufficient accuracy for a quantitative procedure. 

A greater colour intensity per mg. of acetylglucosamine results when the 
colour reaction is carried out in 90 % acetic acid solution and by the use of this 

solvent it has been possible to estimate quantities of acetylglucosamine as small j 

as 0*08 mg. A perceptible colour is obtained with 0*01 mg. acetylglucosamine 

in a volume of 10 ml. ; the test is therefore sensitive at a dilution of 1 in a million j 

of acetylglucosamine. , j 

Experimental. J 

Reagents. . j 

( 1 ) p -Dimethylaminobenzaldehyde reagent. p-DimethylaminobenzaMehyde 

(A. R.) (2 g.) after two crystallisations from dilute acetic acid is dissolved in < 

100 ml. of glacial acetic acid containing 5*0 ml. of hydrochloric acid (A. R.). 

The final solution should possess a pale yellow colour. The addition of 1 nil. of i 

water to 9 ml. of the reagent should not produce an increase in the intensity of I 

the yellow colour. Some preparations of ^-dimethylaminobenzaldehyde (A.^R.) j 

have been found to give yellow- coloured acetic-hydrochloric acid solutions 

which produce bright yellow solutions on the addition of water ; these must be j 

avoided. The reagent keeps indefinitely. .... I 

(2) N -Acetylglucosamine standard. A- Ace tylglu cosam ine (1 g.) is dissolved 

in about 10 ml. of water saturated with chloroform and made up to a volume -j 

of 100 ml. From this standard solution dilutions which will contain a required j 

amount of substance per ml. can readily be made. The standard solution should 

be kept at 0°. j 

(3) 0*5 N sodium carbonate solution. j 

Procedure . 

A solution of N - acetylglucosamine , containing 0* 1-1-0 mg. per ml., is | 

measured into test-tubes of approximately equal thickness graduated at 10 ml. , | 

if the volume of solution taken is less than TO ml. it should be made up to j 

TO ml. by the addition of water. The sodium carbonate (0*1 ml.) is added and j 

: 

, v ■ : . , - : 
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Sl!? b 7 T + heated A a b0ilin 8 ^ter-bath for 5 minutes and then cooled 
Standard solutions of W-acetylglucosamine are treated in the same manner’ 

reagent (I ml.) is then added and the 
add thoroughly mixed and allowed to stand 

lts maxm ™ intensity in about 45 minutes. When the maximum colour 

“ Io " 

. , f ^ S + r t,h niost _ colorimetric methods, this method gives good results onlv 

approximately'the^ame^Tabl^I^shows the results obtaine^l^rusin^he^bove 

Table I. 

A T -Aeetylglucosamine 


IV-Acetylglucosamine 


Standard 

mg. 

0-90 


0-80 

0*70 


Present 

mg. 

1*00 

0*95 

0*85 


0*80 

0*90 

0*70 

0*80 


0*55 


0*450 


0*65 

0*60 


0*50 


0*40 


Pound 

mg. 

1*00 

0*96 

0*97 

0-84 

0*86 

0*81 

0*89 

0*70 

0-78 

0-79 

0*64 

0*62 

0*61 

0*60 

0*585 

0*510 

0*500 

0*510 

0*495 

0*395 


o/ 

/o 

error 

0*0 
+ 1*0 
+ 2*1 
- 1*2 
+ 1*2 
+ 1*2 
+ 1*3 
- 1*1 
0*0 
-2*5 
- 1*2 
-1*5 
+ 3*3 
+ 1*6 
0*0 
-2*5 
+2*0 
0*0 
+2*0 
- 1*0 
- 1*2 


Standard 

mg. 

0*400 

0*350 

0*325 

0*300 

0*225 

0*175 

0*150 

0*090 


Present 

Found 

% 

mg. 

mg. 

error 

0*350 

0*355 

+ 1*4 


0*350 

0*0 

0*400 

0*405 

+ 1*2 

0*300 

0*310 

+ 3*3 

0*350 

0*345 

-1*4 

0*300 

0*305 

+ 1*7 

0*275 

0*275 

0*0 

0*250 

0*255 

+ 2*0 

7 7 

77 

+ 2*0 

0*200 

0*205 

+ 2*5 

0*175 

0*174 

-0*6 

77 

0*177 

+ 0*6 

0*100 

0*102 

+ 2*0 

77 

0*099 

-1*0 

7 ? 

0*101 • 

+ 1*0 

0*080 

0*078 

-2*5 

55 

0*079 

-2*5 

55 

-1*2 


cSSbytTmo^ 

is equally applicable to the eeh^^^^^A'mtotylehondrtoamine'and^it^^hemi 

Table II. 

iV-Acetylchondrosamine 


Standard 

mg. 

0*90 


0*60 


0*550 

0*400 


0*090 


Present 

mg. 

1*00 

0*85 

0*65 

0*55 

0*500 

0*450 

0*350 

0*100 


Pound 

mg. 

1*02 

1*00 

0*84 

0*86 

0*65 

0*64 

0*56 

0*505 

0*445 

0*365 

0*360 

0*101 

0*102 


/o 

error 

+ 2*0 
0*0 
- 1*2 
+ 1*2 
0*0 
-1*5 
+ 1*8 
+ 1*0 
- 1*1 
+ 4*3 
+ 2*9 
+ 1*0 
+ 2*0 
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found that equal amounts of X-aeetylglucosamine and A r -acetyleh ond rosamine 
when compared under similar conditions give rise to colours identical in tint and 
in ensi y. A few results of estimations carried out with A 7 -acetylcliondrosamine 
solutions are given in Table II. 

A comparison between the results obtained with the original method of 
Zuckerkandl and Messiner-Klebermass and those obtained using the new 
technique is shown in Table III. In each series of determinations the results of 

Table III. 

Zuckerkandl and Messiner- 

Klebermass’ s method New technique 


Experiment 

no. 


2*00 mg. acetylglucosainine 

, — A 

0*500 mg. acetylglucosainine 

Found mg. 

% error 

t 

Found mg. 



% error 

2-12 

' +6-0 

0*502 

+ 0*4 

2-16 

+ 8-0 

0*498 

-0*4 

1-95 

-2-5 

0*500 

0*0 

1*95 

2*10 

-2-5 

0*498 

-0*4 

+ 5-0 

0*492 

-1*6 

1-98 

-1*0 

0*502 

+ 0*4 

2-18 

+ 9*0 

0*500 

0*0 

1-94 

-3*0 

0*500 

0*0 

1-91 

-4*5 

0*490 

-2*0 

2-03 

+ 1*5 

0*502 

+ 0*4 

2-00 

0*0 

0*505 

+ 1*0 

2-08 

+ 4*0 

0*500 

0*0 


twelve consecutive estimations are given. It mil be seen that with the old 
method the variation between the individual results is of the same order as that 
observed by Zuckerkandl and Messiner-Klebermass and may exceed 5 % . The 
results obtained with the modified technique show a variation of only 1-2 % 
from the true value. 

Table IV. The influence of foreign substances upon the accuracy 
of the estimation. 

N - Acetylglucosainine 
hydrochloride 


Substance 

Added 

Present 

Found 


mg. 

mg. 

mg. 

% error 

Glucose 

1*0 

0*500 

0*500 

0*0 




0*505 

+ 1*0 


2*5 

0*250 

0*245 

-2*5 

Arabinose 

1*00 

0*500 

0*500 

0*0 

»? 


„ 

0*500 

0*0 

Fructose 

99 

1*00 

0*500 

0*500 

0*505 

0*0 
+ 1*0 

99 

2*50 

0*250 

0*240 

-4*0 

Alanine 

1*00 

0*500 

0*510 

+ 2*0 

99 

»* 


0*500 

0*0 

Histidine 



0*495 

-1*0 


J? 

5J 

0*510 

+ 2*0 

Glucosamine hydrochloride 



0*505 

+ 1*0 


>> 

JJ 

0*500 

0*0 

1-Aminoglucose 

>> 

JJ 

0*500 

0*0 

99 

t» 

JS 

0*510 

+ 2*0 

N -Acetyl- 1 -aminoglucose 

S' 


0*500 

0*0 

99 

JJ 

„ 

0*505 

+ 1*0 


d < i 

m ! ; 


I ! 

, 


992 


W. L. J. MORGAN AND L. A. ELSON 


The influence of foreign substances. 

Various sugars and amino-acids have been added to known amounts of 
A- acetylgluc osamine in order to ascertain whether the presence of these sub- 
stances has any influence upon the accuracy of the estimation. A few results of 
these tests are given in Table IV from wdiich it will be seen that none of the 
substances added interfered with the determination. 

Certain pyrrole and indole derivatives develop coloured solutions when 
treated with the p-dimethylaminobenzaldehyde reagent, and their presence in 
the solutions to be estimated will therefore influence the determination. Trypto- 
phan does not appear to react with p-dimethylaminobenzaldehyde and does not 
yield- a coloured solution under the conditions described, but the presence of 
moderate amounts (0* 1-1*0 mg.) of this amino-acicl in the A T -acetylglucosamine 
solutions has been found to cause some delay in the rate of development of the 
reddish purple colour with resulting underestimation of the true result. 


The influence of the time of heating and of the concentration of 
alkali on the subsequent colour development. 

Estimations were made on solutions containing 0*5 mg. of A-acetylglucos- 
amine per ml. The concentration of the alkali varied from 0-02 N to 2 N and three 
or four different periods of heating were tested with each alkali concentration. 
It is not necessary to give here the results obtained with all of these modifications 
but only to state that with concentrations of alkali higher than 0*5 N the 
solution, after heating at 100° for more than 2 minutes, developed a final colour 
intensity which indicated that a considerable destruction of either the M-acetyl- 
glucosamine or the corresponding oxazole derivative had taken place. The 
results obtained using 0*02 N and 0*1 N alkali are shown in Table V. It will be 
seen that the greatest colour intensity is attained when the iV-acetylglucosamine 

Table V. Influence of the time of heating with various concentrations 
of alkali on the subsequent colour development . 



Alkali used 

Concentration 
of alkali 

N 

Time of 
heating 
min. 

Na 2 C0 3 

0*02 

5 

» 

99 

10 

?» 

99 

15 

j? 

0*10 

2 

» 


3 

a 


4 


,, 

5 



6 


,, 

10 


,, 

15 

KOH 

0*02 

2 



3 



4 


99 

5 


0*10 

2 

99 


3 

» 


4 

Na 2 HPG 4 

0*10 

5 


99 

10 



30 


99 

40 


Colorimeter 
reading at 
maximum colour 
developed 
mm. 

9-0 

8-8 

8- 9 

11*5 

9- 3 
9*1 

9*0 « 

9*3 
13*2 
18*9, 

12*5 

10*1 

10*6 

11*4 

10*2 

13*2 

20*0 

21*6 

17*2 

14*8 

13*2 
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is heated for 10 minutes at 100° in 0-02 N Na 2 C0 3 . If 0*02 N KOH is used in 
place of the 0*02 A Na 2 C0 3 the maximum colour intensity which is reached for 
the same amount of A - acety Iglu cosamin e is somewhat less. This is due to the 
action of the potassium hydroxide on the oxazole derivative, and the exact 
extent to which decomposition proceeds can readily be ascertained if a standard 
solution of the pure oxazole (IV) is treated with alkali under similar conditions. 

The production of the oxazole derivative by heating with 0*02 N Na 2 C0 3 
appears to be almost quantitative. To show this a solution of maximum colour 
intensity which has been derived from a known amount of N - acetylgl u e os amine 
is compared colorimetrically with the colour developed by a solution of the 
pure oxazole which has been similarly treated with the jp-dimethylam.inobenzalde- 
hyde reagent. Theoretically 0*5 mg. of A 7 -aeetylgIucosamine should yield 0459: mg. 
of the oxazole derivative. After treatment with 0*02 N Na a C0 8 as described 
above, 0*5 mg. of A 7 - acetyl ghi co samine gave a solution the colour intensity of 
which was equal to the colour given by 0*440 mg. of the oxazole : the conversion 
was therefore 96 % complete. 

The production of a closed ring structure by the action of very low con- 
centrations of alkali suggested that the reaction would probably take place at an 
alkalinity which could be considered to be within the range necessary for 
normal biological processes. The results obtained when A 7 - ace ty Ighieosamine 
was heated with 0*1 N Na 2 HP0 4 (p B 8*4) are shown in Table V. It will be seen 
that approximately 65 % of the A 7 -aeetylglucosamine has been converted into 
the oxazole derivative after 40 minutes 5 heating at 100°. A sterile solution of 
A 7 - aeetylglucosamine which has been buffered at p B 84 with sodium phosphate 
and kept at 37° showed after 48 hours that about 10 % had been converted into 
the oxazole. 

Although the maximum colour intensity reached per mg. of A-acetylglucos- 
amine is slightly less when 0*1 N Na 2 C0 3 is used in place of 0*02 A 7 , we consider 
that for practical purposes a higher concentration of alkali than 0*02 A 7 is more 
reliable since it is then possible to neglect slight traces of acid when these are 
present in the solution to be estimated. 

The influence of the concentration of the hydrochloric acid 
upon the colour intensity. 

A series of eight test-tubes containing A 7 -aeetylglucosamine (0*5 mg.) dis- 
solved in 1*0 ml. of water was heated with 0*1 ml. of 0*5 A 7 Na 2 CG 3 for 5 minutes 
in a. boiling water- bath and cooled. The tubes were then treated one at a time 
in the following manner. About 7*0 ml. of glacial acetic acid were added to each 
together with 0*1 ml. 0*5 N HCi and 1*0 ml. of p-dimethylaminobenzaldehyde 
(2 %) dissolved in glacial acetic acid which contained in the different experiments 
concentrations of hydrochloric acid 1 varying from I to 40 %. The tubes, after 
filling to the 10 ml. mark with acetic acid, were thoroughly shaken and the 
intensity of the colour produced was followed in each case by means of colori- 
metric observations at prearranged intervals against a stable artificial colour 
standard for a period of 90 minutes. The results are shown graphically in Fig. 1. 
It is seen that a reduction in the concentration of hydrochloric acid from 40 
to 2*5 % in the _p-dimethylaminobenzaldehyde reagent causes a steady increase 
in the intensity of the maximum colour produced; the rate of colour development 
is however slower with the lower acid concentrations and the colour formed is 
considerably more stable. When the reagent contains 20 or 30 % HCI, the 

1 Expressed throughout as % of concentrated HCI A. R. present. 
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intensrty of the reddish purple colour reaches its maximum in less than 10 min utes 
and then rapidly fades. A concentration of hydrochloric acid of 5 % in the 
reagent causes the colour intensity to develop for about 45 minutes and then 
Poetically constant for a further 60 minutes. The colour development 
when , of hydrochloric acid is employed is very slow, and the intensity of 
the colour developed does not reach its maximum until after about 90 minutes 
have elapsed ; 1-0 % of acid in the reagent produces only a trace of colour after 
. hours - Jt should be emphasised however that the rate of colour development 
increases rapidly with increasing temperature and that the curves shown were 
obtained within the temperature range 13-16°. 

Prom these observations it appears that the colour is very sensitive to an 
excess of hydrochlonc acid and that, with concentrations of acid exceedino- 

wft/cdourpSductiom aCld SOlUti ° n ’ fading ° fthe C ° l0Ur g06S ° n eoncurre ntly 

A similar series of curves is obtained when standard solutions of the pure 
oxazole derivative (IV) are treated in the same manner with the p-dimethylamino- 
benz aldehyde reagent containing different concentrations of hydrochloric acid. 


5 10 15 20 30 40 50 ' 60 ' 70 80 ' 90 

Time (mins.) 

Fig. 1. 


>6 7 8 9 10 1112 13 14 15 

Time (hours) 

Fig. 2. 


Fig. 2. Curve showing rate of hydrolysis of A r -acetylglucosamine with 0-1 A 7 sulphuric acid. 

Application. 

The method has been used to follow the rate of hydrolysis of the aoetvl 
SrshowmS^StS fi nd the r Ult r f a typiCal h y drol y sis experiment 

SmnoindT; t r U Ar g ^M-^cetylghicosamine and the hydrolysis of this 
compound back to A-acetylglucosamine can be readily followed bv the color 

S' tSfeTaS'',? 6 fen S SC.SI 

polviSSf:f^ C ? lh r Sam ^ UmtS ’ Which are contained in the specific 

-id on e mymic 
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Summary. 

A colorimetric method for the determination of A - ace ty I gl u cosamine , which 
was elaborated by Zuckerkandl and Messiner-Klebermass and which is based 
on a reaction originally described by Muller, has been studied. The procedure 
recommended by them has been found to give unsatisfactory results. By changing 
the technique it is possible to obtain reproducible results and at the same 
time to reduce considerably the amount of substance necessary for the deter- 
mination. iV-Acetylchondrosamine can be estimated by the modified method. 
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CXXXIX. ON THE NATURE OF THE PRE- 
CURSOR OF THE VITAMIN C IN 
THE VEGETABLE KINGDOM. 

I. VITAMIN C IN THE GROWING PEA SEEDLING. 

By SURENDRA NATH RAY. 

From the Biochemical and Nutritional Laboratories, University of Cambridge. 
{Received May 2nd, 1934.) 

In an earlier paper [Hams and Ray, 1933], it was shown that ascorbic acid 
appears m pea seeds as soon as germination begins. Since then the rate of 
production of ascorbic acid in the seedlings of such pea seeds has been examined 
and the result is embodied in Table I. For the estimation of the acid, the 


Table I. 

Wt. of 20 Amount of 

v- i r* . seedlings ascorbic acid 

Peuod of germination g. mg./g. seedlings 

1*. hours (seeds kept soaked in water) 0*18 a.aa 

48 hours (germinated) 0*29 0^3 

90 ” ” 0-56 0-43 

,15 ” ” 1-70 0-50 

340 ” ” 2-60 0-50 

1TO ” ” 2 ’ 50 0-48 

!, d ” ” 4-2 0-49 

days ” 4-8 0-49 

micro-chemical method of Birch etal. [1933] was used. Yellow-pea seeds were kent 
m sand slightly moistened with water, and after various periods of germination 
were taken out and washed with water to remove the adhering sand and the 
cotyledons were excised away. The separated portions (here termed the setdliims) 

r u Xieiit e 2ft b o*T ei l l tW ° fil + ter ' pap , ers and groillld up with a little sand and 

of about fo/° The evt'r aC t a t0 , giVe a &lal eoilcentl ’ a tion of the latter 
ot about o /0 The extracts were made up to a suitable volume and filtered 

a f d filt y ates titrated agamst a standard solution of 2 : 6-dichloro- 
phenohndophenoL As a rule, 20 seedlings were used for each estimation. 

s will be noticed, the amount of ascorbic acid present per g of the wet 
seedlmg tissue increases within a few hours from 0 to a constant value which 2 
ot affected by any further growth. This is represented graphically hi Fig 1 
It may , however, be remarked that though the youno- seedlings are nnite Al, 
m vitamin C the whole of the vitamin content is not cmttoed to jldlS 

from separate titration results on the seedlings and the cotyledons the latter 
have been found to account for more than 5/6 of the total reducing power It is 
doubtful, however, whether the whole of the reducing power of2he cot4dl 
is due to ascorbic acid. It is known that a few substances like cysteine reduce ?he 
} e under the conditions of the experiment. As extracts made from the cotyledons 
show a marked mtroprusside reaction, and as Van Eekelen et J [1934] have 


Wt. of 20 
seedlings 





mu 
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shown that part of the reducing material in the cotyledons is precipitated by 
mercuric acetate, it seems probable that some free cysteine may be present in 
them. Johnson [1933] has also found that extracts from germinating peas show 
much less antiscorbutic value than was to be expected from the titration results. 
On the other hand extracts from seedlings alone show no nitroprusside reaction, 



Period of germination, days 

Fig. 1. Curve showing rate of production of ascorbic acid during various periods 
of germination or cultivation. 

o, seedlings grown naturally with the cotyledons. 

a, seedlings grown artificially on a medium containing fructose. 

and they reduce the indicator solutions as rapidly as those of pure ascorbic acid 
solutions. These findings confirm those of Johnson, who also believes that the 
reducing power of seedlings is due to ascorbic acid alone. 

Nature of the precursor of vitamin 0 in plants . 

: Though the synthesis of vitamin C during germination has been known for 

a long time, no attempt seems to have been made to ascertain the nature of the 1 

substance or substances from which it is formed. In their classical work Brown I 

and Morris [1890] had shown that embryos of barley, excised out of the endo- 
sperm and cultivated upon nutrient solution, grew steadily at the expense of 1 

the carbohydrates or other organic nutrient substances present in the solution. 

It was thought that by utilising this method, i.e. by growing the embryo 
seedlings of peas on nutrient solutions containing various organic compounds 
and examining in the different samples whether ascorbic acid is formed or not, 
some information about the nature of the precursor might be obtained. Experi- 
ments in these directions have been successful and some very interesting results j 

have been obtained. These will be discussed below. I 

Experimental. I 

I 

The mode of experiment usually adopted was to place the excised embryo I 

seedlings on a suitable semi-solid medium. It is essential that the embryo j 

1 seedlings should rest on the medium and not be immersed in it, as in the absence \ 

of air growth and production of ascorbic acid do not take place. |i 

It was found that a 10 % gelatin mixture constitutes an ideal medium for 'j 

the cultivation of the seedlings. Gelatin itself is not assimilable by the young 

l : 


1 



998 


S. N. RAY 




plant and the 10 % solution forms a suitable semi-solid gel, whose viscosity is 
sufficient to prevent the embryo seedlings from sinking in it, but not great 
enough to stop the radicles from piercing it and absorbing the proper nutrient 
' substances. In order to provide sufficient nitrogen and other elements necessary 

for a growing plant, the gelatin was dissolved in the proper quantities of the 
following solution (Knopp’s solution) : 

Calcium nitrate 0-8 g. 

Potassium nitrate q -2 

Potassium dihydrogen phosphate ... 0*2 g 

MgS0 4 ,7H 2 0 0-2 g. 

Ferric phosphate Trace 

Water 1000 ml. 

The various organic substances to be tested were dissolved in this solution 
in a concentration of 5 %. 

At first, great difficulty was experienced in keeping the medium free from 
bacterial contamination. If so infected, the seedlings failed to grow and little or 
no ascorbic acid could be detected in them. The following procedure was, 
however, found to give satisfactory results, and in most cases no appearance of 
bacterial life or signs of fermentation could be seen for the experimental period 
of 7 days. 1 

. 1 g* °f Purified gelatin is dissolved in 10 ml. of the Knopp’s solution con- 
taining 0-5 g. of the experimental compound. While still hot and liquid the 
gelatin mixture is transferred to a 25 ml. wide-mouthed flask, fitted with a 
cotton-wool stopper. The flask with the mixture is then sterilised by steamino- for 
half an hour on 3 successive days. It is then left aside for the gelatin to set. In 
certain cases where it was feared that the drastic steaming process misfit 
hydrolyse or decompose the experimental organic substance, the latter was not 
added at first, but after the gelatin mixture (8 ml.) had been sterilised the 
compound was dissolved in a small amount (2 ml.) of sterilised Knopp’s solution 
and was added to the gelatin mixture before it had set. Such cases are marked 
in Table II with an asterisk. 

Before the embryo seedlings are excised, the pea seeds are soaked in sterile 
distilled water for 6 hours. The seed-eoats are then removed and with a little 
pressure the two cotyledons can be separated easily and the embryo seedlino- 
taken out by means of a pair of forceps with bent heads. The seedlings are then 
washed with several changes of sterilised distilled water, and finally placed on 
^: ie solidified nutrient gelatin. These operations of washing and transference 
should be carried out as far as practicable in a dust-free room. 

The seedlings after suitable periods of cultivation (usually 7 days unless 
otherwise mentioned) are taken out and suspended in warm water (37°) to 
remove any adhering gelatin. They are then dried between two filter-papers and 
extracted as usual with sand and trichloroacetic acid. The ascorbic acid in the 
extracts is estimated by titration against the standard 2 : 6-dichlorophenol- 
mdophenol solution. The results are given in Table II. 

From the data (Table II) it may be seen that while little reducing substance is 
produced in the embryo seedling when kept at about 20° on 10 % nutrient gelatin 
alone, a considerable amount appears when certain substances are introduced into 
the medium. Of these, hexoses seem to function best. The relative ascorbic 
acid-producing power of the individual hexoses seem to be more or less the same, 
mannose being, however, an exception, the seedlings being able to generate much 
more ascor ic aci from mannose than from any of the other three hexoses 
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999 


Mature of the medium 
10 % gelatin solution alone 

„ 4- glucose 

99 99 99 

99 99 99 

99 ,9 + fructose 

99 r ” * 

99 99 4- galactose 

99 99 99 

99 99 , 9 * 

,, „ + mannose 

99 99 4- sucrose 


4- lactose 
4- maltose 
4- arabinose 
* 

4- xylose 

* 

* 

4- starch 
4- dextrin 
4- mannitol 
4- sorbitol 
4- inositol 

4- sodium pyruvate 

4- methylglyoxal 

4- sodium glutamate 

4- glycerol 

4- sodium lactate 

4- sodium glycerophosphate* 

Substance added to gelatin afterwards 


Wt. of 20 
seedlings 

0-49 

0*46 

0*87 

0-40 

0*80 

0-80 

103 

0*93 

0*48 

0*85 

0*55 

0*37 

0*3(5 

0*98 

0*55 

0*60 

0*60 

Mo 

0*63 

0*50 

0*74 

0*63 

0*60 

0*57 

0*78 

0*43 

0*43 

0*50 

0*15 

0*15 

0*20 

0*92 

0*18 

0*20 

(see p. 99S). 


Amount of 
ascorbic acid, 
mg./g. wet 
seedling tissue; 

0*049 

0*050 

0*194 

0*250 

0*225 

0*300 

0*281 

0*264 

0*237 

0*168 

0*201 

0*540 

0*691 

0*275 

0*320 

0*310 

0*130 

0*208 

0*0 

0*0 

0*120 (?) 
0*027 
0*054 
0*061 
0*078 
0*039 
0*0 

0*054 • 

0*0 

0*0 

0*0 

0*079 

0*0 

0*0 


examined. Disaccharides come next in the list but here it is possible that ascorbic 
acid is not derived from the disaccharides themselves but from the products of 
their enzymic hydrolysis. Polysaccharides seem to yield a small, though definite, 
amount of ascorbic acid, but here again it is doubtful whether they themselves 
or secondary products are responsible. Pentoses yield consistently negative 
results; the high value obtained in one case from xylose is probably due not to 
xylose but to the decomposition products arising during the drastic process of 
long steaming. Of various other compounds examined only glycerol seems to 
have a little power while all the rest either gave absolutely negative values or 
values equal to that given by control seedlings grown on nutrient gelatin alone. 

It seems very probable, therefore, that ascorbic acid may be produced by 
the growing embryo from the hexoses present in the seeds. On the other hand,, 
the concentration of ascorbic acid in the seedlings germinated on liexose media 
is rather low (0*2-03 mg. as compared with 0*5 in seedlings grown with their 
natural cotyledons); mannose, however, is an exception, the concentration of 
ascorbic acid being similar to that found under natural conditions. These rather 
low values may mean that the real precursor is perhaps a substance different 
from the hexoses. If such a substance exists, however, it is quite evident that its 
addition is not essential for the production of ascorbic acid and that embryo 
seedlings are well equipped with enzyme systems to convert ordinary hexoses 
into this hypothetical substance. About the course of the conversion of hexoses 
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into ascorbic acid nothing is known. Attempts to grow the seedlings on media 
containing some of the well-known carbohydrate breakdown products have 
failed (see Table II). The presence of these substances in the nutrient gelatin 
seems to inhibit growth, and no trace of ascorbic acid can be detected in the 
seedlings. Similarly all efforts to elucidate the nature of the enzyme system 
responsible- for this synthesis have been unsuccessful. Attempts to produce 
ascorbic acid from sugar solutions by means of minced or crushed embryo 
seedling tissue have only given negative results. 

Another interesting thing to be observed from Table II is that there seems 
to be no direct relation between extent of growth and production of ascorbic 
acid. Thus the seedlings which are grown on mannose show very little growth, 
whereas they are exceptionally rich in ascorbic acid. On the other hand, ara- 
binose, xylose, dextrin, all seem to favour growth, but the production of ascorbic 
acid in these cases is either nil or very low. Substances like fructose seem to 
favour both growth and production of ascorbic acid. 

Antiscorbutic activity of seedlings grown on nutrient gelatin. 

Though the chemical determination of ascorbic acid is fairly specific it has 
certain limitations and may give high values in certain cases [Birch et al. s 1933 ; 



Pig. 2. Weight curves of guinea-pigs, comparing degrees of cure of scurvy 
with doses of pea seedling and orange-juice. 

, preliminary complete diet. 

, vitamin C-free diet. 

^ , experimental dosing commenced. 

+ , animal died. 

Harris, 1 933] . In view of this it was thought best to check the chemical estimation 
against direct feeding tests. The biological determination gave results in complete 
agreement with the indophenol titration. The seedlings used for this purpose 
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were grown for /-10 days on nutrient gelatin containing fructose. As it was 
practicable to grow only a limited amount of these only one level of dosage could 
be employed. Two guinea-pigs were used for this test and the technique of 
assay was the curative method described in a previous paper [Harris and 
Kay } 1932]. A daily dose of 3— 4g. (ascorbic acid content as determined by 
indophenol titration being 0*75-0*9 mg.) was given to each of the animals. A 
control gioup of two guinea-pigs received 1*5 ml. of orange- juice (ascorbic acid 
content determined chemically about 0*9 mg.) and negative controls were kept 
on the basal diet alone. The individual growth curves are given in Fig. 2. 

3-4 g. of the seedling were found to have nearly the same biological activity 
as 1*5 ml. of orange- juice. This result corresponds within the limits of experi- 
mental error with that calculated from the chemical titration. This shows that 
the reducing power of the seedling is due solely to the ascorbic acid. 

Rate of 'production of ascorbic acid in seedlings grown on nutrient 
gelatin containing fructose . 

It has already been remarked that using different substances as substrate, 
no correlation can be detected between growth and synthesis of ascorbic acid. 
It seemed of interest to examine whether any such correlation exists when the 
seedlings are cultivated for various periods on media containing one and the 
same .substance. For this purpose, embryo seedlings were grown on media 
containing fructose (5 %) as the substrate. In order to avoid formation of 
secondary products during the steaming process, the fructose dissolved in a 
little sterilised Knopp’s solution was added to the gelatin mixture after the 
latter had been steamed. A large number of flasks each containing 25 embryo 
seedlings were used and after the proper time of cultivation these were opened, 
20 of the best seedlings being taken out for every day’s estimation. The result 
is given in Table III. 

Table III. 


Period of 

Wt. of 20 

Total amount of 
ascorbic acid, 

Ascorbic acid, 

cultivation 

seedlings 

mg. in the 

mg./g. 

days 


20 seedlings 

seedling 

3 

0*58 

0*170 

0*293 

5 

0*71 

0*200 

0*282 


0*63 

0*180 

0*285 

7 

0*93 

0*246 

0*264 

9 

1*35 

0*318 

0*235 

11 

MO 

0*165 (?) 

0*150 (?) 

12 

1*20 

0*216 

0*180 

14 

1*40 

0*177 

0*127 


It will be noticed that as a rule the greater the growth, the less was the 
concentration of the ascorbic acid formed, but no simple relation between 
the two appeared to exist ; on the other hand, the concentrations when plotted 
against the periods of cultivation were found to form a continuous curve (see 
Fig. I). The shape of the curve shows that ascorbic acid was produced in great 
quantities during the first 3 or 4 days of cultivation; afterwards however the 
rate of formation fell and became zero after about 10 days. After that period 
some of the ascorbic acid seemed to disappear. On the other hand, the rate of 
growth continued unchanged and as a consequence the concentration steadily 
fell. This behaviour is entirely different from that seen in seedlings grown with 
their cotyledons, the concentration of ascorbic acid rises in these conditions to a 
constant value. 
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Correlation between concentration of substrate and production 
of ascorbic acid. 

. A father lack of correlation between growth and the synthesis of ascorbic 
acid was observed when the production of ascorbic acid in "seedlings grown for 
7 days on media containing varied amounts of fructose was measured (Table IV), 


Table IV. 


Percentage 
concentration 
of sugar 

Wt. of 20 

Total amount of 
ascorbic acid, 
mg. in the 

Ascorbic acid, 
mg./g. 
seedling 

solution 

seedlings 

20 seedlings 

1*0 

1*2 

0*100 

0*083 

2*5 

1-4 

0*217 

0*155 

5-0 

7*5 

0*1)3 

0*246 

0*264 

0*80 

0*210 

0*263 

10-0 

0*60 

0*156 

0*260 


It is at once apparent that the rate of growth and the rate of production of 
ascorbic acid follow two different lines, the optimum concentration of the 
substrate for growth being about 2-5 %, while for the production of ascorbic 
acid it is much higher, about 5 % . Further the two rates plotted against the 
concentration form two different types of curves emphasising thereby that the 
two phenomena are quite different and possibly independent of each other 
(see Fig. 3). 



' ' ? II 

% concentration of fructose solution 

Cultivation of seedlings on media containing a mixture of substances. 

From Table II it was seen that while some substances favour growth others 
seem conducive to the production of ascorbic acid. Attempts were made to 
combine the two properties, t.e. to have good growth together with large pro- 
uction of ascorbic acid. For this embryo seedlings were grown for 7 days on 
media containing a mixture of two substances— the one favouring growth and 
ie o ler production of ascorbic acid. As however the results in Table V show 
these experiments have not been successful. The volume of medium was 10 mb 
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Concentration m 

of ascorbic ■ 

acid, mg./g. ■ 

seedling 
0-596 
0-553 

ilie presence of mannose seems to inhibit growth altogether. 

Summary. 

L The rate of production of ascorbic acid in pea seedlings germinated 
naturally has been estimated. The amount formed was found to rise for 2 days 
and then reach a constant concentration of 0*5 mg. of the acid per g. of the 
wet weight of the seedlings. 

2. Embryo seedlings from peas were excised from the cotyledons and grown 
on nutrient gelatin. Seedlings cultivated on such a medium, containing hexoses, 
were found to have synthesised a large amount of ascorbic acid. Of the four 
hexoses examined, mannose gave the highest figure, 0*5 mg. of ascorbic acid 
per g. of seedling. Disaccharides also gave moderately high figures but all other 
substances examined either gave very low or absolutely 7 negative values. It is 
suggested that hexoses may serve as precursors of vitamin C in germinating 
seeds. 

3. The rate of production of ascorbic acid in the cultivated excised seedlings 
bore no direct relation to the rate of growth, e.g. seedlings grown on mannose 
showed very little growth but had a high concentration of ascorbic acid while 
arabinose and xylose seemed to favour growth but production of ascorbic acid 
was nil. 

4. The concentration of ascorbic acid present per g. in the excised seedlings 
fell steadily during prolonged periods of cultivation. 

5. The concentration of ascorbic acid formed was approximately proportional 
to the concentration of the substrate up to a certain optimum value, after which 
it remained constant. 

6. Unsuccessful attempts were made to produce good growth combined with 
large production of ascorbic acid by cultivating excised seedlings on a medium 
containing a mixture of two substances — one of them found to favour growth 
and the other production of ascorbic acid. 

I am very grateful to Dr L. J. Harris for his constant advice and valuable 
criticism. For his kind interest in this work, I wish to thank Sir F. G. Hopkins. 
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Table V. 


Nature of medium 
0*1 g, fructose + 0*5 g. mannose 
0-5 g. arabinose + 0-5 g. mannose 


Wt. of 20 
seedlings, g. 
0-27 
0-15 



mg. per 100 ml. 
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AT CALVING AND OF THE CALF DURING 
EARLY LIFE. 
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In view of the recent work of Sjollema and his co-workers on “a ra ss tetanv ” , 
hSdencTof 0i b y Sjohema himself [19 32 ] , and of the increasing 

Drverre QW! u ® Hereford disease » as referred to by 

.uryerre [1.93^] it was decided, in conjunction with Dr H. H Green of thV 

Mnnstry of Agriculture Veterinary Research Laboratory, Weybridge to indude 
the study of serum-Mg in normal cows throughout the reproductive cycle We 
ihf r f P + t ated ° Ur Studies t Godden and Allcroft, 1932] of the chancres in’ 



Fig. 2 . Changes in the average composition of the blood of 8 calves from birth to 8 weeks. 
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SERUM OF COWS AND CALVES 

Table I. Composition of the blood of cows , just before , 
at and for 6 days after calving. 

All values in mg. per 100 ml. 


Days before 
or after 
calving 


Seram- 

Ca 

Serum- 

Mg 

Cow 4 

Blood- 

inorg. 

P 

Serum- 

Ca 

Seram 

Mg. 

Cow 5 

Blood- 

inorg. 

P' 

Seram- 

Ca 

Serum- 

Mg 

Cow 7 

10-05 

9-95 

10-00 

9-95 

9-45 

9-25 

10-50 

10-55 

10-85 

2-00 

2-35 

1-99 

1- 83 

2- 25 
2-00 
2-72 
2-48 
2*38 

Cow 11 

~TsV 

5-92 

4-78 

4-93 

4*66 

5*07 

4*72 

5*87 

5*92 

1075 

9-60 

7- 45 

8- 60 
8*35 
8*95 
9-35 
9-85 

10*55 

1*95 

2*25 

2*85 

2*96 

2-45 

2-02 

1-51 

1*80 

1-84 

Cow 12 

~~013 

5-19 

4-47 

4-62 

4-35 

4- 82 
5*19 

5- 11 
5-53 

11*35 

9*45 

8*50 

10*30 

10*70 

10*80 

12*05 

11*40 

10*75 

1*92 

2-00 

2*17 

2-23 

2-00 

1-87 

1*78 

1-60 

1*60 

Cow 13 

11-05 

2-17 

~~64)8 

9*65 

2-61 

9-00 

10*25 



8-85 

2-48 

4*44 

10*75 

3-22 

8-04 

10*35 

1-60 

6-10 

2-81 

2*66 

7-95 

— 

4-82 

8*25 

1-85 

6-25 

2*96 

3*24 

9*25 

3-69 

5-40 

9*50 

2*45 

7-85 

2-78 

4*47 

9-35 

2-95 

5-87 

9*30 

2-20 

11-30 

1-35 

6*03 

9*70 

2*14 

5-58 

10*15 

2-19 

11-50 

1-82 

7*10 

10-80 

1-97 

5*19 

10*60 

1-86 

11*25 

1-87 

8*44 

10-15 

1-47 

5-67 

9*40 

1-80 

11-05 

2-12 

6*82 

10-20 

2-25 

6-19 

9*50 

1-99 


Cow 16 



Cow 18 


Cow 19 

10-55 

2-25 

5*67 

11-10 

2-78 

5-58 

10*65 

2-74 

9-80 

2*45 

4*51 

7-20 

3-81 

3-75 

12*40 

2-48 

9-30 

2-00 

5*82 

7-35 

4-05 

3*84 

9*65 

2-85 

10-25 

2-00 

5*23 

10-05 

3-63 

5-62 

10-90 

2-15 

10-05 

2*26 

5*02 

11*40 

2-02 

5-67 

10-75 

2-23 

10-05 

2-17 

4*59 

11*80 

1-81 

6*85 

9-80 

2-19 

10-95 

2-00 

4*56 

1.1*35 

1-81 

6*79 

10-50 

1*82 

10-65 

1-94 

4*82 

13*50 

1-89 

5*84 

9-70 

1*99 

11*15 

2-01 

5*11 

11*85 

2-00 

5*40 

10-05 

2-23 


Cow 8 

A. 

6*89 

3*75 

10*15 

1*95 

5*87 

3-05 

7*15 

2*74 

3*07 

6*08 

7 *65 

2-87 

5*67 

5*58 

8*70 

2*26 

4*82 

6*89 

8*45 

1*90 

■1*82 

7-26 

10*30 

1*82 

5*58 

6*75 

10*40 

2*00 

5*53 

6*75 

9*70 

2*01 

5*40 



Cow 15 


*4*85 

4*50 

9*60 

2*26 

6*13 

2-81 

7*80 

2*58 

6*13 

5*19 

6*35 

3*57 

4*93 

5*15 





6-08 

5*58 

5*95 

2*96 

3*82 

6*08 

6*75 

2*74 

3*52 

6*49 

6*50 

2*37 

2*70 

5-04 

9*45 

( 

0*94 

low 20 

3*92 

4*27 

12*I5~~ 

2*12 

54.1 

4*25 

11*55 

5*17 

4*32 

3*09 

8*75 

2*74 

2*78 

5*15 

11-05 

2*61 

5*77 

4*21 

11*10 

1*82 

5-82 

4*40 

10-95 

1*67 

6*03 

6*03 

10-00 

1*97 

4*38 

6*10 

10*45 

1*77 

4*38 

6*03 

11*20 

1-72 

5*11 


Table II. Composition of the blood of 8 calves from birth to 8 weeks. 
All values in mg. per 100 ml. 


Serum-Ca 

Serum-Mg 

Blood-inorganic P 

Seram-Ca 

Serum-Mg 

Blood-inorganic P 

Seram-Ca 

Serum-Mg 

Blood-inorganic P 

Serum-Ca 

Serum-Mg 

Blood-inorganic P 

Serum-Ca 

Serum-Mg 

Blood-inorganic P 

Serum-Ca 

Serum-Mg 

Blood-inorganic P 

Serum-Ca 

Serum-Mg 

Blood-inorganic P 

Serum-Ca 

Serum-Mg 

Blood-inorganic P 



2 

4 

6 

14 

21 

28 

Birth 

days 

days 

days 

days 

days 

days 

13-85 

14-25 

13-20 

12-90 

12-35 

12-35 

12*75 

2-10 

1-58 

1*70 

1-82 

1-83 

2-20 

1*99 

6-43 

6-08 

5-87 

4-78 

6-37 

5-72 

6*61 

13-o5 

13-45 

13-45 

14*40 

12-95 

12-95 

12*80 

1-95 

1*43 

1-43 

1-78 

1-42 

1*74 

1*97 

7-34 

6-08 

6-82 

7-58 

8-34 

7-10 

7*42 

14-00 

14*15 

13-85 

12-80 

12-35 

12-40 

13*35 

1-74 

1*12 

1-69 

1-55 

1-83 

2-00 

2*12 

6-55 

6*19 

6-08 

7-10 

7*18 

7-94 

7-84 

12-85 

13*30 



12-75 

11-75 

13-45 

12*35 

1-63 

1*58 

1-78 

1-74 

1*80 

1-80 

1*81 

4-35 

5*19 

6-55 

6*13 

6*25 

6-82 

6*75 

13-20 

13-15 

12-45 

12-25 

13-00 

13-30 

12*55 

1-82 

1-81 

1*51 

1-66 

2*00 

2-00 

1*94 

8-24 

6-08 

5*62 

6-03 

5*62 

7-68 

6*82 

12-70 

14-15 

14-45 

14*20 

12-45 

11*75 

12*05 


1-58 

1*81 

2*04 

1-86 

2*12 

2*00 

4-47 

6*19 

6*37 

6*13 

6-37 

6*37 

5*87 

12-95 

12-05 

13*80 

12*60 

12-00 

11*25 

11*95 

1-21 

1*50 

1*37 

1*86 

1-39 

2*25 

1*86 

6*37 

5-15 

7*50 

6*82 

6-75 

7*10 

6*03 

13-70 

13-05 

13*20 

13*75 

12-50 

12*25 

12*75 

1*72 

1-40 

1-71 

1*55 

1-49 

1*72 

1*84 

7*50 

5-62 

6*55 

7*50 

6-82 

6*08 

5*67 


35 

42 

40 

56 

days 

days 

days 

days 

11*95 

11*35 

11-40 

11*90 

1*88 

1*93 

1*58 

1*60 

6*65 

6*23 

6-46 

6-31 

13*60 

13*10 

13-10 

12*95 

1*97 

2*21 

1-80 

1*81 

7*58 

6*40 

8*14 

7-34 

12*65 

12*30 

13-95 

12-00 

2*05 

2*20 

2-25 

2-12 

8*44 

7*42 

6*43 

6*68 

12*55 

12-75 

12*05 

1.1-55 

1*89 

1-79 

2*05 

1*92 

5*97 

6-37 

6*55 

6*70 

14*05 

12-80 

13*50 

12-30 

2-32 

2-24 

2*44 

2-16 

7*18 

7-26 

6*89 

7*46 

13*10 

12-55 

12*05 

13-75 

2*12 

2-25 

2-50 

2*37 

6*43 

8-24 

7*58 

7*54 

12*15 

11*90 

13-90 

12*25 

1*47 

1*70 

1-86 

1*64 

6*75 

6*25 

6-75 

6-55 

13*05 

12*30 

12-65 

1 1-90 

1*47 

1*90 

2*00 

.1*69 

6-13 

4*47 

6-68 

6*43 
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(eJX“co^rf 5) c ™x£rK. T f m 1 rf rr i ™ tme ™ iues 

Table II and the carves of average vSues in Kg 2 *"’ ^ 

Discussion of results. 

* v Ifc ?^ ould be n . oted that the basal ration of the whole of the cows was con 
sidered to be low in Ca. Of the cows M™ 5 s 10 15 c ^ me cows was con- 

this ration, whilst Nos 4 7 H i 6 iq’S on * 2 ’ ] 3; 15 18 received onI y 

-u. I , , *> '» li 5 J-o, iy and 20 received, in addition, a sunnle-mpnf 

MNidnal t° bala ?j° e ^ rati ° n ' WMM there are fairl y wid e variations^etween 

ndmdual cows, these are not due to the dietary difference between thr- 
groups, as may be seen by a study of the data in Table I 
. A ® be±0 f’ the tendency is for a fall in serum-Ca and blood-inorganic P w 

KSTT Tr th tbeIowest P oints at tbe time of calving : the”only excep- 
ion to this was Cow No. 16 m which the inorganic P was higher at calvfL* The 

ctTenlel VZ ™ ^ ^ and ** * 

blood -hiorganic < P^ rmed OUr P rCTious ^di^'foVSrfha^eS ins emm-Calnd 

than” th ”of Sr “a^or Uood-to™ Stitt “"T” 8 “ more 
less easy to assess The curve in *“? the f sults are consequently 
to be raised just at or for 24 tJ 48 

cows this rise occurred th<* rW k ,-r i ¥ ter ° a ' lvm g> but some individual 
are similarly relatively wide On t.hewvb, L ° p0 ®* parturient fluctuations 
serum-Ca id KrSgtovm^rSf te “ PP ““ to be * tod »W f » 

C. 5 d‘blo 0 "iu^S e thm t?“* fri a k, * ll “ initial level of s-rum- 
after 14 days *? ‘‘T,' 1 ' *rum.C. drepprf 

after rernaLd tty tlln T 3 -l ISTflS “t 111 ° f ‘T* f* “ d **■“- 

attained aufl remained My con^a^h AtS 

Summary. 

befo^«d ™ I 0 * “ d Mood-inorganic P of cows just 

serum -Mg fluctuates'rather w,vi ^ d , d da * a presented to show that, while the 

level just°beS, at! to rise to a bi g b - 

inversely with serum-Ca Calves n + n- + d ea J v f ln S- 2 n general serum-Mg varies 

rather higher “of serum cl LTfi °f- fOT the &st 8 Weeks of ^ 

° serum-Ca and blood-inorganic P than tbe normals for 



SERUM OF COWS AND CALVES 1007 

the dam, while the serum-Mg level at birth is lower than the dam’s normal, but 
has attained this normal after 3 weeks. 

We wish to acknowledge our indebtedness to Mr W. Thomson for assistance 
with the animals. 
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CXLL ™E SALTING-OUT OF AMINO-ACIDS 
FROM PROTEIN HYDROLYSATES. 

L THE ISOLATION OF TYROSINE, LEUCINE 
AND METHIONINE. 

By EVELYN MARY HILL and WILLIAM ROBSON. 

From the Physiology Department, University of London King’s College. 

(- Received May 4th, 1934.) 

Requiring a supply _ of ^-methionine for experiments designed for an attempt 
, d row ig mtermediate metabolism of this amino-acid, we were beset 

and Lterestin Ur WOT l Wi p h the probIem of obtaining it in quantity. The useful 
I t , g paper by Pirie [1932] on its isolation from caseinogen hydro- 

Sve u ^ / Uhlished ’ and th6 0nly method « was li£y to 

auantL h of X T de . emed necessary for our purpose was that of synthesis! A 
Barker Ld m 1C a ?y aU y. synthesised on the lines described by 

l b , ichselbaum [1931] with satisfactory results. It was soon realised 

oE,Y;„ T T”? on ™" ld “ Td ™ ” ™<* 

• ! gd ^ tmn to the reconsideration of Mueller’s [1923] original method of 
isolating the active ammo-acid and attempt to improve his yields 

by his methoT to i nvestigati ™ Pir f’ S , paper ap P eared were able 

f iL^‘l th ° d t0 lsolafce a quantity of the active amino-acid. The serious 

alSof 7 f *5? pr ° cedure ’ as fche au thor himself indicates, lies in the butyl 
that ft , XtraCt !f ! oftlle aeld hydrolysate, both layers being so darklv coloured 
that at times it is impossible to distinguish the interface It appears to us 
moreover, at the method adopted for removing mercury from the mercury' 

“liabk'toWdto'f tS b f h<3ating tl f ktter With a elution of barium hydroxide 
J ° °t am mo-acid. Mercuric oxide in hot alkaline solution is 
an excellent reagent for the rapid oxidation of amino-acids • we have avoided i+« 

w4fS P S S rSlVr Pit * te r th snlphidi. It must be added, 

V bS no d s“ hiCh *""* 

n repeating Pirie s [1932] procedure a second time, we sought some means 

hL^elfuSdleaVacVr^h^^ bef ° re the butyl alcoho1 extraction. Pirie 
attemirSI ^ d h ° nly partial success ‘ Aft er several unsuccessful 

Slv oSJT reage f s ; we finaU y obtained a transparent and cX 
cofl the n nf I 1U w n ^ JOllmg the hydrolysate with a good grade of ohJ. 

of sodtm WdrScle oZhOT* ^ raised to 4 ‘ 5 b 7 the addition 

remain overmvhi w °^ casion wlien this was done, the solution had to 

Next^nornW S Iut b ? r n he extraefclon b y butyl alcohol could be carried out 
might be expected'^onited' 11 ^ 6 ? a f C ° plous ^talline precipitate which, as 
to our oreatAnterest t b ^ “ amIy ° f tyrosine. Leucine was also present, but 
prusside reaction That , | I ^ lxtur ® J . after alka hne fusion, gave an intense nitre- 

bS“g u^rtion 5 “hetrH,rS°° ?°‘ to P™yed by 

precipitate^ of lead Li vb d a solutlon of sodium plnmbate, when no 

ae pSofuS.” 8 0W *““ 1 - ? e PKtaWliV that cystne is not 
1 m tne precipitate receives support from other directions. Pfeiffer and 
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Angern [1924], for example, showed that whilst ammonium sulphate can pre- 
cipitate cystine from aqueous solution, sodium chloride will not do so; again, 
Okabe [1928] has found that the solubility of cystine in sodium chloride solution 
is considerably greater than in distilled water. Ruling cystine out in this way, 
it was apparent that the nitroprusside reaction was due to methionine, and it 
became clear that, if the above tyrosine complex contained methionine in any 
quantity, the problem of the isolation of the latter amino-acid would be con- 
siderably simplified. 

The investigation was proceeding on these lines when our attention was 
drawn to a paper by Barnett [1933] on the salting-out of leucine from protein 
hydrolysates. It will be seen from Barnett’s curve (Fig. 1) that the minimum 
solubility of leucine in saturated sodium chloride solution lies at 2*4, at 
which point, as the author shows, the amino-acid is precipitated as dileucine 
hydrochloride. In studying Barnett’s paper it appeared to us that methionine 
might reasonably be expected to be precipitated with leucine from saturated salt 
solution at p K 2*4. Subjecting a caseinogen hydrolysate to Barnett’s procedure, 
we found that methionine was actually present in the precipitate obtained at 
Pn 2*4, and that Barnett had apparently overlooked its presence therein. Un- 
fortunately from our point of view, a sulphur determination carried out on the 
precipitate showed us that methionine was present in only very small amount. 

Finding that Barnett’s leucine fraction would not yield us methionine in 
promising yield, we turned to another aspect of this salting-out phenomenon. 
We have included in Fig. 1 a curve showing the results obtained by Sano [1926] 
in an investigation of the solubility of leucine in aqueous solution at different 
values of p B . Comparison of the curves of Barnett and Sano shows that the 
effect of sodium chloride in reducing the solubility of leucine is at a maximum 
at p H 2*4 and almost as great in the neighbourhood of p H 6, i.e. at the isoelectric 
point of the amino-acid. From a knowledge of their chemical constitutions it 
can safely be assumed that the isoelectric points of leucine and methionine 
cannot be far removed from one another. The question remained whether the 
yield of methionine would be increased if the protein hydrolysate, after adj ust- 
ment to p H 6, were saturated with sodium chloride. An experiment based on 
this reasoning appeared worth undertaking. 

The tyrosine-leucine-methionine mixture which had been precipitated after 
decolorising the protein hydrolysate at p B 4*5 was dissolved in the minimum 
quantity of water and kept overnight. Next morning the tyrosine had separated 
in exceptionally good quality and yield. After filtration, the mother-liquor 
containing some leucine and methionine was added to the original bulk of the 
hydrolysate. The combined solutions, the p H of which had been adjusted to 6 
by the addition of sodium hydroxide, were then concentrated in vacuo. Ultimately 
crystals of sodium chloride began to separate ; the evaporation was then stopped 
and the mixture placed in the ice- chest overnight. During this time the 
separated salt had settled to the bottom, whilst floating near the surface was a 
crystalline mass consisting, as shown by examination, chiefly of leucine and 
methionine. By decanting the solution from the salt, the separated amino-acids 
were collected, redissolvecl in water, and the methionine isolated according to 
Pirie’s procedure. After a second precipitation, the yield of methionine, which, 
from sulphur determinations, was found to be of a high degree of purity, only 
amounted to some 0*6 % of the caseinogen used. Examination of the leucine- 
methionine solution from which the methionine had been precipitated showed 
that there still remained dissolved some of this amino-acid which had escaped 
precipitation by mercuric acetate. It was clearly evident that the conditions 
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purpose! Pitafcing m ° St ° f ^ methionine from the solution were not ideal for tlie 

A series of semi-quantitative experiments on the following lines proved thu- 
tlns was not only true, lmt that it would probably be a matter- of some difficulty 
g to the presence of other amino-acids, to regulate the conditions so thlt 






0 1 2 3 4 5 6 7 8 9 !0 

Ph of solution 


0,2 3 4 5 6 7 8 9 !(i 

Pu of solution 


-m & * *”* 

"■ '• e ~° 

0 0 “'"'r.ssssXoW.r’' 

most of the methionine would be Dreoirvifofwl t-p 

leucine, a solution of mercuric a rJLtA /• exam P^ e > to a solution of 

definite precipitation occurs This precipitate ho ^ n- added drop by drop, a 

producci by the additioh of the 
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very much greater excess of the latter reagent, and that, while the presence of 
sodium chloride certainly favours the complete precipitation of the methionine, 
if the concentration of the sodium chloride exceeds a certain value, re-dissolution 
of the mercury-methionine precipitate occurs. Experimentation on these lines 
is being continued and will be reported in an early communication. At the 
present time it will suffice to add that if, after the precipitate obtained by 
treating the above leucine-methionine solution with mercuric acetate reagent 
has settled, sodium chloride solution be carefully added, a further precipitation 
takes place with the result that the ultimate yield of methionine obtained is 
raised from the above figure of 0-6 % to one of 1-5-1-6 %. Such yields have 
been obtained from caseinogen on several occasions. Egg-albumin, subjected to 
the same procedure, has given yields averaging 2*5 % . 

The leucine was finally obtained by treating the solution, from which the 
mercury-methionine compound had been filtered, with hydrogen sulphide, 
filtering off the precipitated mercuric sulphide, concentrating the filtrate in vacuo 
to a syrup, dissolving the latter in the minimum quantity of water and raising 
the p H to 6, when the leucine crystallises as the solution cools. Recry stallisation 
of the amino-acid follows in the usual way. 

It was considered of general interest to include in this communication 
curves showing the solubility of methionine in aqueous and saturated sodium 
chloride solutions and these are shown in Fig. 2. The upper curve (solubility 
of methionine in aqueous solutions) appears to be symmetrical about an axis 
which cuts the p H abscissa in the close neighbourhood of 6, a figure which may 
be taken as a close approximation to the isoelectric point of methionine. It is 
noteworthy moreover that the curve showing the solubility of methionine in 
saturated sodium chloride solution does not exhibit that dissymmetry which 
is seen in the corresponding curve for leucine (Fig. 1). 

The average value of several actual yields of recrystallised amino-acids 
obtained from caseinogen (ash content 1*1 % , moisture 9 %, N 15 %) and egg- 
albumin (ash content 4*9 %, moisture 7*4 %, N 15*2 %) are as follows: 

Caseinogen Egg-albumin 
o/ 0/ 

/o o 

Tyrosine 3*0 1-35 

Leucine 4*7 0*1 

Methionine 1*55 2*5 


I Experimental. 

i 

I kg. of caseinogen was hydrolysed with 2 litres of 20 % hydrochloric acid 
for 18-20 hours. The excess hydrochloric acid was removed in the usual way by 
concentration in vacuo , the residue being redissolved in hot water and evaporated 
until viscous. 

| Separation of tyrosine. The final residue was dissolved in 4 litres of boiling 

I water, the solution treated with sufficient 40 % sodium hydroxide solution 

j (approx. 460 ml.) to bring the p H to 2*4, 40 g. of charcoal added, and the 

; mixture, after being boiled for 20-30 minutes, was filtered hot. The charcoal- 

humin residue was extracted with about 1 litre of boiling water, and the filtered 
extract added to the main solution. The combined solution, which was quite 
clear and only faintly coloured, was allowed to cool overnight when the tyrosine 
crystallised out. This was filtered off and the filtrate used for the isolation of the 
methionine and leucine as described below. To increase the purity of the tyrosine 
thus obtained, it was recrystallised from boiling water in the usual way. 

! 
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Separation of methionine. To the mother-liquor from the tyrosine, sodium 
hydroxide solution was cautiously added to p K 6-0, and the resulting solution 
was evaporated under reduced pressure until sodium chloride commenced to 
separate (at approximately 1800 ml.). After cooling, the sodium chloride had 
settled to the bottom and the separated amino-acids were mainly floating near 
the surface of the liquid. The mother-liquor and the amino-acids were decanted 
to a Buchner funnel, and the acids sucked as dry as possible. The sodium chloride 
remaining in the container was separately dissolved in the minimum amount of 
water, and the solution thus obtained was used to wash the amino-acids on the 
■Buchner free from mother-liquor. 

The crude mixture of solid leucine and methionine obtained in this way was 
dissolved m 2 litres of water, and a cold saturated solution of mercuric acetate 
m 3 / 0 acetic acid was added until no further precipitation occurred (about 250 <r 
mercuric acetate). After keeping for some time, a saturated solution containing 
approximately 60 g. of sodium chloride was added, when a further heavy 
precipitate formed. The mixture was kept overnight, and the mercury precioi 
tate was then Altered off, suspended in about 2 litres of warm water and decom- 
posed with hydrogen sulphide. The mercuric sulphide was boiled out with water 
*k e rS UX ^ U f e (d^ercd and the Bltrate added to the main methionine solution. 

ihe solution containing the crude methionine was now evaporated almost to 
dryness, the residue dissolved in some 200 ml. of alcohol, the p H of the alcoholic 
solution adj usted to 6-0 by the addition of pyridine and the mixture left in the ice- 
c lest overnight Next morning, the precipitate of crude methionine was filtered 
ott, washed with alcohol to remove any pyridine and finally dried with ether. 

fi or purification the product was redissolved in boiling water (1 litre for 
every iO g^ of crude methionine), a boiling saturated solution of mercuric 
chloride (10 g. of mercuric chloride per g. of the ammo-acid) added, and the 
mixture, after being boiled for some minutes, was set aside until cold. The 
mercury precipitate then formed a solid mass, from which the mother-liquor was 
easily decanted. The solid was transferred to a mortar, ground up with water 
the mixture filtered and the recovered solid suspended in warm water and 
decomposed with hydrogen sulphide. The further stages of the separation of the 
methionine followed the lines described above. 

• -^/ u ^' her recrystallisation may be carried out from 75 % alcohol- it is 

inadvisable to use water since the solubility of methionine in this medium is 
approximately 5 / 0 (Fig 2). If, as sometimes happens, it is found difficult to 

75T V alcSo ft which f f Pyr !f ine f T the methi0nine ’ recrystallisation from 
thisto be done PS ^ W bem added ’ wiU enable 

°f leucine - The solution, from which the methionine was first pre- 
sSnhfde ^ mercuncacet f t e,wasfreedfrom mercury by treatment with hydrogen 
d a w? mercu ™ sulphide was filtered off, the sulphide washed with boilhm 
water and the combmed filtrates were concentrated in vacuo to a small bulk 
toTEtT dissolved in a small quantity of water and the p a adjusted 
, hen the leucine at once began to crystallise. After some hours the 

r“ ltmd ° ff “* t “' 7S “ 1 ” d fro “ *** 

Summary. 

A slm P Ie procedure is described for the isolation from easeinogen hydrolvsates 
SS “ d ‘“. The yields, especially those^f SZT^d 

J fsssr v<,r5 ' ™ biy "* h ^ ut «~- 
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The work forming the basis of this paper was done during the tenure by 
one of us (E, M. BL) of a Berridge Studentship awarded by the Delegacy of the 
University of London King’s College. 
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CXLII. AN EFFECT OF ASCORBIC ACID ON 
FATTY ACID OXIDATIONS IN THE LIVER. 

By JUDA HIRSCH QUASTEL and 
ARNOLD HERBERT MAURICE WHEATLEY. 

From the Biochemical Laboratory, Cardiff City Mental Hospital. 

[Received May 1st, 1934.) 

In the course of experiments on the oxidation of fatty acids by the liver of 
guinea-pigs it was found that the yield of acetoaeetic acid appeared to depend 
on the state of nutrition of the animal. Preliminary experiments indicated that 
the livers of guinea-pigs fed for a lengthy period on a scorbutic diet behaved 
differently from the normal, a lower yield of acetoaeetic acid being produced and 
for this reason work was commenced on the effects of ascorbic acid on fatty acid 
oxidations of liver. Although further experiment has not shown a very strict 
line of demarcation between the activities of the livers of scorbutic and normal 
gumea-pigs, it has become abundantly clear that ascorbic acid exercises very 
definite effects on the respiration of, and on the power to oxidise fatty acids bv 
tiie livers of both guinea-pigs and rats. J ’ 

It appears that the most significant effect of the addition of ascorbic acid to 
hver shoes is the maintenance of respiration at a relatively high level for a much 

£T 10d than 0ccurs in Iiver sIiees t0 which ascorbic acid has not been 
added . This is particularly noticeable' with the rat where the respiration of a liver 

uptake ° ff qU1Ckly after an initial P eriod of a fairly constant rate of oxygen 

It is much less noticeable in the guinea-pig where the Q 0a tends to remain 
constant over a long period; hence results with guinea-pigs are irregular and 
apparently much more dependent on nutritional conditions than is the case 
witii the rat. Increases of acetoaeetic acid production ranging from 30 to 200 °/ 
addit f n of ascorbic acid have been noted with the rat and from 
0 to 60 / 0 with the gumea-pig; these increases in the yield of acetoaeetic acid 
are probably closely connected with the maintenance of the relatively hi°h 
levels m the rate of oxygen uptake, the oxidation of fatty acids being greatly 
dependent on the general respiratory metabolism of the liver cell. ^ 

Technique . 

The technique described by the writers [1933] in their work on the oxidation 
of fatty acids m the liver has been followed. Measurements of oxygen uptake 
and acetoaeetic acid yield (at 37°) have been obtained with the Barcroft differ- 
entia 1 manometer. Acetoaeetic acid has been estimated manometrically by the 
method described by the liters [1933]. A small change in the technique of 
this estimation has been adopted: 1ml. M/5 acetate buffer 3-8 has been 
gl.«d by 1 ml. M3 acetic acid. The results are equally aeSrare .5 ST 


ASCORBIC ACID AND LIVER OXIDATIONS 


1015 


The acetoacetie yield is expressed by the symbol Qacetoacetic acid or Q ae which 
represents the /.cl. C0 2 equivalent to acetoacetie acid produced by 1 mg. dry 
weight liver tissue per hour. 

The only animals used in this work have been guinea-pigs (from various 
sources) and rats (also from various sources). We have recently confined ourselves, 
in work with rats, to the Wistar strain and find that this procedure is more 
satisfactory for obtaining comparable results. 

The substrates under investigation have been butyric, crotonic and dl~ff 
hydroxy butyric acids. These have been chosen because they are very good 
sources of acetoacetie acid and also because the mechanism of their oxidation to 
acetoacetie. acid is at present under investigation in this laboratory. A few 
experiments with higher fatty acids such as w-hexanoic acid have also been 
carried out and found to give results essentially similar to those found with 
butyric and crotonic acids. 

Buffer solution . It was shown by the writers [1933] that concentrations of 
phosphate buffer (p H 7-4) of the order Mj 15 appreciably diminish both Q 02 and 
Qae of guinea-pig liver, and this was traced to the removal of calcium ions from 
the medium bathing the liver slices. Low concentrations of phosphate buffer 
solution do not buffer well in experiments lasting 3 hours or more. The difficulty 
of adequate buffering has been overcome (or partially so) without affecting the 
concentration of calcium ions by the use of sodium glycerophosphate buffer. 
Sodium glycerophosphate (B.D.H.) solution was brought to p n 7-4 by addition 
of hydrochloric acid, and this was diluted by Locke solution and the sub- 
strate under investigation to make its final concentration 31/15. Experience 
has shown that with both guinea-pig and rat liver slices of the order of 20 mg. 
dry weight there is a drop in p E) in an experiment of 3 hours’ duration, of 
about 0*2. 

The final medium was made up as follows : 

1*0 ml. M/5 sodium glycerophosphate solution (p K 7*4). 

1*5 ml. Locke solution 1 . 

0*5 ml. 0*1 M substrate solution. 

Such a glycerophosphate-Locke medium has been used in the experiments 
described below. 

Liver slices were added to this medium, and then 0*5 ml. of a neutral solution 
of ascorbic acid was added. All experiments with liver slices were carried out in 
an atmosphere of oxygen. 

The manometric apparatus was allowed to shake at the rate of 90 times a 
minute, and readings were taken every 15 minutes. 

After 3 hours, the liver slices were carefully removed, washed in distilled 
water and dried at 105°. Usually very little disintegration of the liver slice 
occurred. 2*5 or 3 ml. of the medium were then transferred bo another Bar croft 
apparatus for estimation of acetoacetie acid. Determinations of final p E were 
always made, and the results of any experiment where there had been a 
considerable change in p H were discarded. 

Choice of liver slices. It is important for the investigation of fatty acid 
oxidation with liver slices to select slices of appropriate sizes and thicknesses. 
It has been shown by the writers [1933] that mincing liver results in a cessation 
of fatty acid oxidation and it would be expected that very thin slices of liver 

1 Occasionally we found it desirable to use only 1 ml. Locke solution. Care was always taken, 
however, to use the same quantity of Locke solution in all vessels in any one experiment. The 
Locke solution was composed of 0*003 M CaCl 2 , 0*0065 M KOI and 0*1445 M NaCl. 
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would approximate to the condition of minced tissue. Experience shows that 
liver slices less than 0-2 mm. thick give irregular results; the Q 0iy usually falls off 
rapidly and there is a diminished Q ao . There is also an upper limit to the thick- 
ness of the slices used, determined probably by the diffusion of oxygen. Slices 
thicker than 04 mm. give a diminished Q 0 „ and Q ac . A few descriptive results 
are shown in Table I. 


Table I. Effects of varying thicknesses of liver slices ( guinea-pig ) on Q acef , . ... 
in presence of crotonate, O' 017 M. (Glycerophosphute-Locke medium .) 

Thickness 


Ex P* mm. Q ac 

1 0*28 2-3 

0-43 24 

0*56 1*6 

2 0-29 2*0 

0*27 2*0 

‘ 0*67 14 


We have therefore tried in all experiments to cut slices varying between 
“ alld m P 1 • Moreover in any one experiment where comparisons are made 

on one tissue it has been our endeavour to use slices of approximately the same 
thickness. Eat liver is more difficult to cut than guinea-pig liver and it is usually 
not an easy matter to obtain a large slice of uniform thickness. Hence we 
have used two or three small slices of approximately uniform thickness (as 
determined superficially by opacity or colour) rather than one large slice Slices 
are always trimmed— a slice with frayed edges tends to disintegrate in the 
manometer vessel and to give, therefore, too low a weight after removal at the 
termination of the experiment. 

The thickness of the slices is determined by floating them in a Petri dish 
containing saline, on the bottom of which is a sheet of squared paper. The area 
of the slice is outlined on the paper as carefully as possible and the area calculated 
m mm.“ With trimmed, rectangular slices the area can be obtained in this wav 
with considerable accuracy. The thickness of a slice can now be calculated from 
the volume ( = 5xdry wt. in mg.) and the area (mm.*). With experience, slices 
of thicknesses varying from 0*2 to 0-4 mm. can be chosen with ease 

The livers are cut immediately after removal from an animal which has 
been killed by cutting the throat and then well bled. 

Source of ascorbic acid. Two samples of ascorbic acid have been used in the 
work; one was kindly presented to us by Prof. A. Szent-Gyorgyi. The other was 
krndiy given to us by the Hoffmann-La Roche Co. according to whom the 

-kfriSrr W T e: M fl= t 24 \ M - P - 188 - 1S9 ° ; e< l uiv - wt. (iodine titration) 
— oo. liie two samples behaved m the same way. 


Differences between guinea-pig liver and rat liver. 

r,,.n? 0] l reS0 ? tatiVe reSUltS indicatin S tile respiration of, and acetoacetic acid 
production by, guinea-pig and rat livers are shown in Table II. Detailed results 

wflIuntT g fT a ' P1 f 1Y T oxidations are § iven in our earlier paper [1933] and 
will not be further referred to here. The most striking difference between rat and 

guinea-pig ivers is the high Q 0 of the former compared with that of the latter 
Rat hver usuafly gives a « 02 of 10-12 ; guinea-pig liver gives a Q 0 of 4T 

st.T% * Will . b6 »P°» latoLk that whilst 
the oxygen uptake of guinea-pig hver (under the experimental conditions 
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Table II. Respiration of, and acetoacetic acid jyroduction by, liver slices 
from guinea-pig and rat. 

Substrates present as Na salts. 


Exp. 

Substrate (0-017 M) 

Qo 2 

Qtu‘ 

Guinea-pig liver 

Nil 

4*0 

0*2 


Crotonate 

9-0 

3*6 

„ 

Butyrate 

10-5 

4-4 


dl- j3 - Hydroxy butyrate 

6*1 

1*8 

Rat liver 

Nil 

11*6 

0*8 


Crotonate 

12*8 

4*9 

Rat liver 

Nil 

10-7 

0*9 


Butyrate 

12*6 

3*0 

Rat liver 

, Nil 

9*5 

0*7 


dl-f$- Hydroxy butyrate 

11*9 

6*4 


already described) is usually constant for 2 or 3 hours, that of rat liver begins 
to fall off rapidly after a preliminary period of fairly constant oxygen uptake 
which varies from 45 to 90 mins. As a general rule the thinner the slice the 
quicker is the tendency for the oxygen uptake to fall from a linear rate. 

When sodium butyrate or sodium crotonate at a concentration of 0*014 M 
is added to guinea-pig liver there is a decided increase in Q 02 , the figures in 
Table II being quite typical. The rise in with rat liver due to butyrate or 
crotonate is always very much less and we have had cases when the Q ()l> of rat 
liver has not been changed by the addition of butyrate or crotonate, although it 
was clear from the acetoacetic acid production that oxidation of the fatty acid 
had been proceeding. 

The acetoacetic acid production from guinea-pig liver in presence of butyrate 
or crotonate is variable and seems to be dependent on the size of the liver. As a 
general rule the larger the liver in a well fed animal the smaller is the yield 
of acetoacetic acid. This observation will be commented upon at greater length 
in another communication. The acetoacetic acid production from dZ-jS-hydroxy- 
butyric acid (0*014 M) with guinea-pig liver is much less variable than that from 
butyric or crotonic acid. With this animal the $ac is usually of the order 1*8 
whilst that from butyrate and crotonate may vary from To to 4*5. With rat 
liver the yield of acetoacetic acid from dT/3-hydroxybutyric acid is considerably 
higher than with guinea-pig and the Qac is of the order 4-6. The $ ac with rat 
liver from butyrate and crotonate is lower and has about the same range of 
variation as with guinea-pig. 

We have observed that the rate of oxygen uptake tends to fall off to a greater 
extent in the presence of crotonate than in the presence of butyrate, and this 
seems to apply to both guinea-pig and rat. 

Oxidation of ascorbic acid in the liver . 

Harrison [1933] in his experiments on the effect of ascorbic acid on the 
respiration of scorbutic and normal guinea-pig tissue “balances 55 the ascorbic 
acid in the manometric vessels by placing the acid in phosphate buffer without 
tissue in the left-hand vessel of the Barcroft apparatus. This we have not done 
in our experiments because there is no proof that the rate of oxidation of ascorbic 
acid in the presence of tissue is equal to or is of the same order as that in the 
absence of tissue. This constitutes only a minor criticism of Harrison’s results, 
for he used smaller quantities of ascorbic acid than we have used. 


05-2 
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The following experiments indicate, with intact liver slices, that after 3 hours 
at 37° ascorbic acid is by no means fully oxidised, although it is so in the absence 
of tissue. 

Exp. 1. 0*5 ml. of a neutral solution of ascorbic acid containing approximately 3 mg. per ml. 
was added to 3 ml. glycerophosphate-Locke medium and allowed to autoxidise in the presence of 
oxygen under the same conditions as were used for work with liver slices. After 3 hours 1 ml. of 
the medium was added to 4 ml. 3 % trichloroacetic acid and titrated with Nj 200 iodine solution. 
0*04 ml. was required. The ascorbic acid was therefore practically completely oxidised under the 
given experimental conditions. 

Exp, 2. 0*5 ml. of a neutral solution of ascorbic acid containing approximately 3 mg. per ml, 
was added to a glycerophosphate-Locke medium containing rat liver slices and to a glycero- 
phosphate-Locke-crotonate (0*014 M) medium containing rat liver slices. After 3 hours’ shaking 
in oxygen at 37°, the slices were removed and 1 ml. of each of the media was added to 4 ml. 3 °/ 
trichloroacetic acid and the solution titrated with Nf 200 iodine solution. The same procedure was 
carried out in control experiments where no ascorbic acid had been added. The following iodine 
titres were obtained: 

A/200 

iodine 

titre 

ml. 

(?) Glycerophosphate-Locke medium Liver slices No ascorbic acid 0-16 

(6) Lrlycerophosphate-Locke-crotonate medium „ tf q *12 

cerophospliate-Locke medium ,, Ascorbic acid present 0*48 

(« ) Llyceropliosphate-Locke-crotonate medium ,, 0*49 

An iodine titration on the ascorbic acid itself showed that 1 ml. of the medium would have 
required 0-95 ml. A/200 iodine had there been no oxidation of ascorbic acid. Hence from (a) 
and (c) 32/95, i.e, 33 % of the original quantity of ascorbic acid still remains and from ( b ) and ( d ) 
38 % remains. Another experiment carried out under similar conditions showed that 49 % of 
the original quantity of ascorbic acid still remained at the termination of the experiment. 

These experiments prove either (1) that the oxidation of ascorbic acid is 
retarded by liver, slices, or (2) that oxidised ascorbic acid is reduced by liver 
slices, an equilibrium, being established. 

The second conclusion is the more likely one in view of Szent-Gyorgyi’s 
experiments on the reduction of oxidised hexuronic acid by animal tissues [1928], 


The, action of ascorbic acid on the respiration of, and acetoacetic 
acid production by, normal guinea-pig liver. 

According to Harrison [1933] ascorbic acid has but little effect on the 
respiration of normal guinea-pig liver. The probability is that there is a small 
but variable increase if the criticism mentioned above is taken into consideration 
Our own experiments bear out this conclusion. Table III shows the effects of the 
addition of ascorbic acid 1 on the Q 02 and Q. lc of normal guinea-pig liver slices in 
the presence of sodium erotonate or butyrate. It will be observed that the 
is m all cases raised, hut the amount of rise is only about that to be expected 
by the oxidation of part of the ascorbic acid added. The expected change in Q n 
(taken over 3 hours) for liver slices of 20 mg. dry weight is a rise of about 1-6 
with an initial concentration of ascorbic acid of 0-5 mg./ml. but it is difficult to 
be certain of this as estimations of the amounts of ascorbic acid remaining at 

n+f Tl Cf J lh ? e ?“ tS ? ere not made - I fc is dear that no significant increase 
ributable to the action of the added ascorbic acid on the oxidative metabolism 
of liver was obtained. Exp. 258 showed definitelya higher value of a,. in presence 
of ascorbic acid but it is to be noted that the Q 0s of the liver in this experiment in 
■ / , The ase ° rbic aeid was neutralised "'ith NaOH just before being added to the Bareroft 

"V C&S6JS. 
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Table III. Effects of ascorbic add on the respiration of, and acetoacetic acid pro- 
duction by, liver slices of normal guinea-pig in presence of butyrate and crotonate. 

Substrate concentration 0-014 M. Glycerophosphate-Loeke medium. Initial p H — 7*4. 

Final p H = usually 7 -1-7*2. Each, experiment refers to a single animal. 


Exp. 

Weight of liver 
slices taken 
(mg. dry wt.) 

Substrate 

mg. per ml. 
ascorbic acid 
added 

Qo 2 

(av. over 

3 hours) 

Qnr 

128 

24*3 

Crotonate 

Nil 

9*5 

3*1 


21*2 


0-43 

10*4 

3*5 

139 

24*2 

Butyrate 

Nil 

8*5 

3*0 


27*0 

0*50 

9*6 

2*9 

140 

38*8 


Nil 

10*6 

3-5 


34*5 

99 

0*50 

12*1 

4*3 

141 

22*5 

Crotonate 

Nil 

9*0 

3*2 


18*5 


0*50 

9*6 

3*4 

250 

17*4 


Nil 

7*6 

2-4 


17*6 

,, 

0*86 

9*8 

3*2 

258 

14*6 

9 ? 

Nil 

7*0 

2*3 


12*1 

99 

0*86 

10*6 

3*6 


the absence of ascorbic acid was lower than usual ; this was due to the fact that 
the rate of oxygen uptake fell off more rapidly than commonly occurred. In 
the presence of ascorbic acid the rate of oxygen uptake was constant throughout 
most of the experiment (see Table VI). 

It will be noted that in most cases the presence of ascorbic acid produced an 
increase in Q ae . The increase is usually small, but occasionally, as in Exp. 258, 
of the order of 50 to 60 % . 

The results given in Table III are typical of a large number of experiments 
with normal guinea-pigs and show that whilst the effect of added ascorbic acid 
on the whole is small, irregularities (i.e. significant increases in Q 02 and Qac) may 
occur. 

Ascorbic acid and scorbutic guinea-pig liver 1 . 

The livers of guinea-pigs fed on a scorbutic diet for 15 days or longer usually 
show rises of Q 0z and Q &c in the presence of ascorbic acid, which are significantly 
greater than the average rises found with normal guinea-pigs. The animals were 
killed when they showed definite signs of scurvy and after their weights had 
reached a maximum and fallen 10-15 % of the maximum value. There is less 
irregularity about the results with scorbutic guinea-pig livers and an increase 

Table IV. Effects of addition of ascorbic acid on respiration of, and acetoacetic 
acid production by, liver slices from guinea-pigs fed on a scorbutic diet for 
varying periods. 

Substrate, crotonate 0*014 M. Conditions as in Table III. 



Period of 

Weight of 





scorbutic 

liver slices 

mg. per ml. 

Qo 2 



diet 

taken 

ascorbic 

(av. over 


Exp. 

days 

mg. dry wt. 

acid added 

3 hours) 

Qa c 

260 

12 

21*5 

Nil 

9*4 

2*7 



21*0 

0*86 

11*2 

3-3 

264 

15 

17*6 

Nil 

8*6 

2-9 



16*6 

0*86 

12*3 

4*1 

131 

17 

23*8 

Nil 

8*5 

2*9 



24*4 

0*50 

10*1 

4*0 


1 We are much indebted to the authorities of the Veterinary Laboratory, Weybridge, for sup- 
plying us with guinea-pigs in various stages of scurvy. 
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in «Qae lias always been found. The results of Table IV are typical. The percentage 
increase in Q &e due to the addition of ascorbic acid is found to be alwaj^s greater 
than the percentage increase in Q (h . It is worthy of note, however, that increases 
of the same order have been found occasionally with normal and apparently 
healthy guinea-pigs. J 

Ascorbic acid and normal rat liver. 

Ascorbic acid has very definite effects on the Q 0s and Q ac of rat liver in the 
presence of sodium butyrate or sodium crotonate. The results given in Table V 

Table V. Effects of addition of ascorbic acid on the respiration of, and the pro- 
duction of acetoacetic acid by, normal rat liver in the presence of butyrate or 
crotonate. J 

Substrate concentration 0*014 M. Conditions as in Table III. 



Weight 
of liver 




slices 

Thickness 


Exp. 

taken 

of slices 


mg. dry wt. 

mm. 

Substrate 

134 

21*7 

— 

Butyrate 


25*5 

— 

Crotonate 


17*2 

— 


25*5 

- — 


160 

22*8 





20*5 





18*3 





19*7 

— 


263 

13*6 

0*26 



14*5 

0*26 


266 

.14*0 

0*27 



12*8 

0*26 


267 

22*3 

0*33 



20*4 

0*37 


268 

16*6 

0*30 

Butyrate 


17*6 

0*27 


In the 

following experiments only 

274 

20*9 

0*38 

Nil 


19*6 

0*37 

Crotonate 


24*2 

0*43 

Nil 


20*2 

0*39 

Crotonate 

275 

13*6 

0*24 

Nil 


13*3 

0*23 

Butyrate 


16*5 

0*25 

Nil 


17*5 

0*26 

Butyrate 

276 

23*8 

0*37 

Nil 


22*4 

0*33 

Butvrate 


20*0 

0*32 

Nil 


18*3 

0*30 

Butyrate 

283 

15*9 

0*28 

Crotonate 


16*2 

0*30 



14*5 

0*28 



15*8 

0*30 


285 

20*3 

0*22 

Nil ” 


287 


mg. per ml. 
ascorbic 
acid 
added 

Nil 

0*50 

Nil 

0-50 

Nil 

0*5 

1*0 

2*0 

Nil 

0*86 

Nil 

0*86 

Nil 

0*86 

Nil 

0*86 


Qo 2 

(av. over 
3 hours) 

13*2 

15*6 

10*0 

14*3 

11*1 

13*9 

15*3 

17*7 

12*2 

13*0 

12*0 

16*6 

12*4 

13*2 

14*1 

16*5 


20*7 

25*2 

23*7 

18*6 

26*8 

20*0 


0*28 

0*23 

0*29 

0*33 

0*28 

0*33 

0*30 


Crotonate 

Nil 

Crotonate 


Nil 

Nil 

0*86 

0*86 

Nil 

Nil 

0*86 

0*86 

Nil 

Nil 

0*86 

0*86 

Nil 

0*43 

0*86 

1*3 

Nil 

Nil 

0*43 

0*43 

Nil 

0*43 

Nil 

0*43 


11*6 

12*9 

13*0 

16*7 

8*0 

10*0 

11*2 

13*7 

10*7 

12*6 

12*7 

17*8 

9*4 

15*6 

15*1 

14*7 

8*4 

8*1 

12*2 

13*9 

11*3 

15*1 

7*0 

11*9 


3*6 

3*9 

2*5 

4*4 

3*6 

4*5 

4*9 

5*6 

3*1 

4*3 

3*6 

6*6 

3*2 

4*5 

3*2 

4*5 


0*8 

4*9 

1*6 

8*4 

0*5 

1*6 

1*0 

2*5 

0*9 

2*9 

1*4 

5*3 

1*8 

4*1 

4*5 

5*1 

0*3 

1*5 

0*4 

3*8 

2*2 

2*6 

0*9 

1*4 
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are typical of those found in about 50 experiments. The increases in Q 0 „ and Q ac 
are not regular and vary from rat to rat, but increases in Q ac of the order of 
80 % or more have often been found (see Exps. 134 , 160 , 266, 274, 276, 283, 285). 
Large increases in Qq 2 have also been obtained but as stated earlier these are 
more difficult to interpret owing to the fact that analyses of the ascorbic acid 
contents of the vessels at the termination of the experiments were not carried 
out. Rat liver usually gives a significant Q ac in the absence of added substrates, 
and this value is invariably increased by the addition of ascorbic acid (see 
Exps. 274, 275, 276). 

The problem now remains as to how ascorbic acid brings about the increased 
oxidation of butyric and crotonic acids — a very definite phenomenon in the 
case of rat liver and of scorbutic guinea-pig liver but doubtful, and at all events 
irregular, with normal guinea-pig liver. Control experiments have shown that 
the autoxidation of ascorbic acid does not induce oxidation of butyrate or 
crotonate (i.e. in the absence of tissue) and the negative results found with some 
j guinea-pig livers confirm this. 

It seems at first sight unlikely that ascorbic acid is essential for the oxidation 
of fatty acids, for scorbutic guinea-pig liver gives a Q ac not far removed from 
normal. On the other hand no tests for ascorbic acid were carried out on the 
livers of the scorbutic animals and it is impossible for us to say what were the 
actual concentrations of ascorbic acid in the livers in question. 

An explanation of this phenomenon, more satisfactory than one involving 
the assumption that ascorbic acid specifically affects fatty acid oxidation, comes 
from a consideration of the effects of ascorbic acid on the rates of oxygen 
uptake. 

The effect of ascorbic acid on the rates of oxygen uptake by liver slices . 

The rate of oxygen uptake by guinea-pig liver either alone or in the presence 
of crotonate and butyrate ( 0*014 M) is usually constant, the Q 0 „ at the end of 
a 3 hours’ experiment not being appreciably different from that half way through 
the experiment. 

The presence of ascorbic acid does not alter the rate apart from a rise in Q 02 
at the commencement of an experiment owing probably to autoxidation of a 
portion of the ascorbic acid itself. 

Rat livers, however, when slices are used of the thickness already quoted 
almost invariably show a fairly rapid fall in Q (h after an initial fairly steady rate 
of oxygen uptake, and at the end of 3 hours the Q 0z may be less than 50 % of 
that half way through the experiment. The presence of ascorbic acid always 
diminishes this rate of fall, so much so that the rate of oxygen uptake may be 
the same at the end of 3 hours as it was at the end of 14 hours. In Table VI an 
analysis of most of the results already quoted in earlier tables is given. 

Turning to the first part of the table dealing with guinea-pigs it will be seen 
that the percentage decrease in Q 02 at the end of the experiment from that half 
way through is small and not appreciably affected by ascorbic acid. The per- 
centage increase in Qac due to the ascorbic acid is also small, though appreciable 
in Exp. 256. In Exp. 258, there is a 17 % drop in Q 02 which is removed by the 
presence of ascorbic acid : in this experiment the percentage increase in Qac is 
highest (50 %). There is little doubt from our experience that had these experi- 
ments been carried on for a longer period the percentage decrease in Q 0j in the 
absence of ascorbic acid would have been greater and the percentage increase 
in Q ac due to ascorbic acid considerably larger. 
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Table VI. A comparison between the effects of ascorbic acid on acetoacetic 
acid production and the rate of fall of Q 0i of liver slices. 


Exp. 

Substrate 

% increase 

mg. per ml. in Q w due 

ascorbic acid to added 

added ascorbic acid 

% decrease in 
Qo 2 at end of 
3 Hours from 
that at end 
of 1|- Hours 

128 

Crotonate 

Guinea-pigs (normal). 
Nil 


0 



0-43 

13 

0 

129 

Butyrate 

Nil 



10 


99 

0-5 

0 

10 

139 

5? 

Nil 



0 

140 

99 

0-5 

0 

10 

99 

Nil 

— 

10 


99 

0-5 

22 

10 

141 

Crotonate 

Nil 



0 


99 

0-5 

6 

0 

256 

», 

Nil 


23 

258 

? j 

0-86 

33 

20 

99 

Nil 



17 


” 

0*86 

57 

0 

263 

99 

Rats. 

Nil 


70 


99 

0-86 

39 

0 

266 

99 

Nil 


40 


99 

0-86 

83 

8 

267 

99 

Nil 



20 


99 

0-86 

41 

8 

268 

Butyrate 

Nil 



40 


99 

0-86 

41 

ix 

274 

Crotonate 

Nil 


70 

275 

99 

0-86 

71 

15 

Butyrate 

Nil 

__ 

30 

276 


0-86 

55 

9 

99 

Nil 


37 

283 

99 

0-86 

81 

9 

Crotonate 

Nil 

0-43 


66 


** 

126 

10 


»» 

0-86 

150 

11 


99 

1-3 

188 

9 

285 

99 

Nil 

— 

67 


99 

0-43 

153 

15 


Bercen^ S rl t0 part . ° f tIle table dealin g with the rats we observe 
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^ (0 The constant Q (>2 found at the end of an experiment in which ascorbic 
acid has been added to the liver slices is somewhat less than, but usually not 
far removed from, the initial rates of oxygen uptake found with those liver slices 
to which ascorbic acid has not been added. 




Fig. 1. Effect of addition of ascorbic acid (0*43 mg./ml.) on oxygen uptake by normal rat liver 
slices. 

Mg. 2. Effect of addition of ascorbic acid (0*86 mg./ml.) on oxygen uptake of rat liver slices in 
presence of sodium crotonate (0*014 Jf). 




Fig. 3. Fig. 4. 

Fig. 3. Effect of addition of ascorbic acid (0*43 mg./ml.) on oxygen uptake of rat liver slices in 
presence of sodium crotonate (0*014 ill). 

] Fig. 4. Effect of addition of ascorbic acid (0*86 mg./ml.) on oxygen, uptake by rat liver slices in 

presence of sodium butyrate (0*014 ill). 


(c) Essentially the same phenomenon- — a maintenance of a relatively high, 
rate of respiration induced by the added ascorbic acid — occurs in the presence 
of either crotonate or butyrate and also in the absence of any added substrate. 
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The. clearest inference from these results is that ascorbic acid plays a sio-nifi- 
CMit part m maintaining an intact respiratory metabolism in the liver. 'The 
efficiency of fatty acid oxidation depends upon the integrity of this respiratory 
metabolism. This hypothesis makes the action of ascorbic acid on fatty acid 
oxidation an indirect one but it serves to give a rational interpretation of 
tne phenomena described. Further experiment alone can inform us whether 
ascorbic acid has a direct action on fatty acid oxidation or whether its action 
takes place via a number of intermediate steps. Such a hypothesis allows us to 
^ . su1r ’ stances > other than ascorbic acid, and intimately associated 

with the respiratory metabolism of liver tissue may also affect fatty acid, oxida- 

verifi«itk)n lmllar W&y ’ SU ° h a conclusion is obviously open to experimental 

Action of ascorbic acid on acetoacelic acid production by rat liver slices 
in presence of dl-fi -hydroxy butyric acid. 

In contrast to the effects of ascorbic acid on the oxidation of butyric and 
a ? dS P res ® nce of rat liver, there is little or no effect on the oxidation 
ot «i-/3-hydroxybutyrie acid. Typical results are shown in Table VII. It follows 

Table VII Effect of addition of ascorbic acid on the production of acetoacetic 
acid by rat liver slices in the presence of dl-^8 -hydroxy butyric acid. 


Weight 
of liver 
taken mg. 
dry wt. 

16*1 

16-3 

14-4 

150 

14- 7 

15- 8 


Thickness 

Cone, of 

mg. per ml. 

of slices 

substrate 

ascorbic 

mm. 

M 

acid added 

0-26 

0*023 

Nil 

0*28 

0*023 

0*86 

0-27 

0*023 

Nil 

033 

0*023 

0*86 

0-27 

0*014 

Nil 

0*29 

0*014 

0*86 


Qq 2 

(av. over 
3 hours) 

8-5 

10-8 

13-4 

15-2 

11-9 

13-8 


that the oxidation of this hydroxy-aeid does not depend upon the same me- 
chanisms as those governing the oxidation of butyric and crotonic acids. This 
conclusion is supported by quite independent evidence, which it is hoped to 
report m due course in a further publication. ^ 

Action of iodoacetic acid on fatty acid oxidation by the liver. 

e ! rly “ J the course of our work 011 fatty acid oxidations bv liver 
slices that iodoacetic acid (used as the sodium salt) exercised highly toxic effects 
at very low concentrations. Concentrations of the order of N 1 5000 will reduce 
the acetoacetic acid yield from butyrate or erotonate by over 50 % The toxic 

ac Zcet ha °^' a ° id 18 a P^-ve one, the apparent inhibiting acSon on 
the^iodoaeetic'aeiff 6 ^ ^ ** kngth ° f ex P osare of to 

inhibitory efe+ a n1°T ^ ° f f is P lienomenon i* was found that the apparent 
Sed S tScLr tbe°r T wa sgreatly dependent on the thickness of slices 

moduction i f 6 u he S r ler was the M^bition of acetoacetic acid 

production and experience showed that the most suitable thickness of slices to 

tri” “» Wt •«* «<*» «f iodoacetic 

mioScX N n- Thi “" ■““* * h “ aoffeSl A d 
poisoning by the halogen acid. A series of typical results is shown in Table VIII. 
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Table VIII. Action of iodoacetic acid on the production of a cetoacetic acid 
by liver slices in presence of sodium crotonate {0-014 M). 

Weight 




of liver 

Thickness 

Cone, of 

Qo 2 

(av. over 

3 hours) 




slices taken 

of slices 

iodoacetic 


Exp. 

Animal 

mg. dry wt. 

mm. 

acid 


230 

Guinea-pig 

15*2 

— 

Nil 

9*4 

4*0 



15*9 

— 

A/6000 

6*0 

1*3 

254 ' 


22*7 

0*33 

Nil 

7*7 

1*8 



11*8 

0*15 

A 7 / 6000 

3*4 

0*3 



22*1 

0*38 

A/6000 

7*8 

1*4 



32*9 

0*58 

A/6000 

7*7 

1*8 

255 

?? 

27*8 

0*41 

Nil 

6*4 

2*1 



31*9 

0*38 

xV/7000 

7*2 

2*1 

256 


17*4 

0*22 

Nil 

7*6 

2*4 



12*7 

0*21 

A 7 /5250 

5*9 

M 

257 

Eat 

8*6 

0*18 

Nil 

13*9 

4*3 



13*1 

0*24 

A 7 /5250 

5*7 

1*6 

258 

Guinea-pig 

14*6 

0*26 

Nil 

7*0 

2*2 



11*8 

0*23 

A T /5250 

3*0 

1*3 

260 


21*5 

0*30 

Nil 

9*0 

2*7 



21*3 

0*27 

A T /5250 

7*7 

1*4 


Attention may be drawn to Exps. 254 and 255 where it will be seen that with 
slices about 0*4 mm. thick but little change is shown in Q ae in the presence of 
iodoacetic acid. Concentrations of iodoacetic acid higher than N/o 000 will of 
course affect even the thicker slices. Exps. 256, 257, 258, 260 show that with 
slices of 0*2-0*3 mm. thickness, iY/5250 iodoacetic acid brings about a drop in 
0a C of the order of 50 % . 

Q 0s is also decreased by the iodoacetic acid. A study of the rates of oxygen 
uptake of guinea-pig liver slices exposed to iodoacetic acid shows that the rate 
of oxygen uptake does not fall off immediately ; the rate remains approximately 
constant for a variable period — 45 to 90 mins. — and then falls rapidly. The 
phenomenon is reminiscent of that obtaining with rat liver slices (i.e. in the 
absence of iodoacetic acid). It could be explained by assuming that iodoacetic 
acid reacts slowly in the liver slice with some substance essential for the respiration 
of liver (and possibly for fatty acid oxidation) and that when the concentration 
of this substance falls below T a certain limit there occurs a rapid fall in Q (h and 
Q ac • 

Action of ascorbic acid on guinea-pig liver poisoned by iodoacetic add . 

In view of the results already obtained with rat liver it was decided to 
investigate the action of ascorbic acid on normal guinea-pig liver slices exposed 
to iodoacetic acid. 

It was found at once that the addition of ascorbic acid had precisely the 
same action on guinea-pig liver poisoned by iodoacetic acid as on normal rat 
liver. There was a prolongation of the steady rate of oxygen uptake and a 
decided increase in Q& c . Representative results are shown in Table IX. In the 
presence of small concentrations of iodoacetic acid the decrease in Q Q2 at the 
end of 3 hours from that at the end of the first hour is 80 % or over. This 
decrease is lessened to the extent of about a half by the presence of ascorbic 
acid — a fact which is reflected in the increased average Q 0q . The () ac may be 
increased as much as 200 % by the presence of ascorbic acid. We have never 
found however that ascorbic acid entirely neutralises the action of iodoacetic 
acid — the main effect, as already stated, appears to be a prolongation of the 
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Table IX. Action of ascorbic acid on the production of acetoacetic acid by 
normal guinea-pig liver slices poisoned by iodoacetic acid. 

Substrate, sodium crotonate 0-014 M. The ascorbic acid was added at the same 
tame as the iodoacetic acid to the liver slices (i.e. at the commencement of the experiment). 


Exp. 

226 

261 

256 


Weight 
of liver 
slices 
mg. 

dry wt. 

19*3 

23*0 

13*3 

16*7 

12*7 

16*7 


Thick- 
ness of 
slices 
mm. 


0*21 

0*22 

0*21 

0*25 


Cone, of 
iodoacetic 
acid 

xV/3000 
X/7000 
N j 5250 


mg. per ml. 
ascorbic 
acid 
added 

Nil 

0*43 

Nil 

0*86 

Nil 

0*86 


Qo 2 

4*9 

8*2 

8*9 

13*7 

6*5 

8*5 


in Qo 2 at 
end of 
3 hours 
from that 
at end 
of 1 hour 

80 

40 

86 

54 

80 

42 


SiS so far to f • , f Vely hlgh ™ te 0f 0xyg(m u P take - Experiments have 
Sr] d a + i f f to indicate a reaction between iodoacetic acid and ascorbic acid 
such as that which occurs between iodoacetic acid and glutathione. 
n1 „ , 36 ex P e riments with iodoacetic acid serve to confirm the conclusions 
already reached on the mechanism of action of ascorbic acid. If ascorbic acid 

acHrio lre ^ tly conce ™ ed wrth fatty acid oxidation and the toxic effect of iodo- 
acetic acid were due to a reaction with ascorbic acid, then it would be possible 

ascorbic acid. Such a neutralisation occurred with glutathione and iodoacetic 

19321™ wTfe 0i ® xldatlon of glucose by brain tissue [Quastel and Wheatley, 
1932], Ascorbic acid, however, does not neutralise the action of iodoacetic add— 

arttatfHSS” ””“ de " bk Simply d “>“ tie rapidity of 

One inference would be that iodoacetic acid in the liver slice removes a 

Mntucori wu the reSplrat0ry s y stem = the production of which is neatly 
onk W by f- h ? S"®? 106 ofasoorbic acid - The substance in question would not 

for th. efficiency “ 5Pir * tOTy 

Action of glycogen on fatty acid oxidations. 

™ earrirf out with consistent results. Repetition of this wo* 8 

“ d 'T a new ”‘ pl6 ““ 

livers. oeween (^ ac and the glycogen content of the 

Summary. 

1. Ascorbic acid, which is fully oxidised at ^7° ^ n a • 

oxygen, is only partially oxidised uiher the same 
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2. The presence of ascorbic acid secures an increase in O and f) 

i jNtw^rTTT g l fr0m f t0 200 %) ° f rat liver ^ ces > whenThese are 
\ 0 ^; P p late 'b ieke meduim containing sodium butyrate or orotonate. 
. e presence of ascorbic acid secures a significant increase in 
Vacetoacetic acid oi scorbutic guinea-pig liver slices in media containing butyrate 

ffiiSr' enin “- p,g “• ~ - «— « 

4 Ascorbic acid brings about a prolongation of the maintenance of the 
steady rate of oxygen uptake by guinea-pig and rat liver slices. 

to ?? the e f e f s ° f , ascorbic add ° n &«*»«>«« ^ ^ ^ 

* i th ° xldafclon of . fatt « y acids ( e -9- butyric and also crotonic acids) being 
inherently connected with the general respiratory metabolism of the liver eel] , 

and that ascorbic acid is important in maintaining this metabolism at a normal 
level. 

6. Ascorbic acid appears not to affect the oxidation of df-8-hydroxvbutvric 
acid m presence of rat liver slices. 

. .1. Iodoacetio acid at concentrations of the order of N 1 5000 has a large 

inhibitory action on the production of acetoacetic acid from butyric or crotonic 
a °-i Ia 1VC T sk ? es ’ ddds inhibition is reduced by the presence of added ascorbic 
acid, the reduction not being due to a combination between iodoaeetic acid and 
ascorbic acid. 

8. The action of glycogen on acetoacetic acid production by liver slices is 
discussed. 

The writers wish to express their obligations to the Medical Research 
Council for a whole time grant to one of us (A. H. M. W.) and for a grant in aid 
of the equipment of this laboratory. They wish also to thank Prof. A. Szent- 
Gyorgyi and the Hoffmann- La Roche Co. for gifts of ascorbic acid. 
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CXLIII. THE POLYURONIDE CONSTITUENTS 
OF FORAGE GRASSES. 



By HAROLD WILLIAM BUSTON. 

From the Biochemical Department , Imperial College of Science 
and Technology , South Kensington. 

(Received May 1st, 1934.) 

During the past few years, an extended study has been made in these laboratories 
of the chemistry of certain constituents of the forage grasses, the nitrogenous 
substances and the fats and waxes having received particular attention. Samples 
of a number of grasses of pure strain and known history being available, the 
opportunity was taken to examine the cell-wall substances of certain of these. 
Detailed information on the chemistry of these substances is extremely scanty, 
being limited to such rather empirical data as “crude fibre,” “pentosan” and 
cellulose content of the tissues; in view of the importance of the cell-wall 
materials from the standpoint of nutritional value and digestibility of the crops 
a much more detailed study seemed to be called for. The polyuronides (pectins 
and hemicelluloses) of cocksfoot grass have been examined in some detail, while 
a number of analyses of the chief cell-wall and other carbohydrate constituents 
of other grasses, grown under comparable conditions, are recorded. 


Experimental. 

Material used. 

The cocksfoot used in the large-scale preparations of pectin and hemicellulose 
was obtained in the first place from the Agricultural Research Station of 
Imperial Chemical Industries Ltd., at Jealott’s Hill. The crop was taken 3 weeks 
after the plot had been closely cut and dressed with nitrogenous fertiliser- the 
grass at this time was from 8 to 10 in. high, and the upper 6 in. of the blades 
were removed with a scythe. The first sample (1930) was minced, pressed and 
the residue extracted with ether and boiling alcohol, as described by Pollard 
et al _ [1031]; this material was used only for preliminary experiments. The later 
batches (1931) were oven -dried, ground and extracted with ether only, so that 
the whole of the pectin, etc. remained in the tissue. 

w 3 h l m + ateri o 1 ,° f ‘I 1 ® 1933 series was 8 rown at the Imperial College Biological 
Dield Station, Slough; it was allowed to grow to about 1 ft., cut low with a 

scythe and dried rapidly in a large steam-oven; the material, after srindino- 
was used without ether extraction. The small samples of various grasses used 

beIow e (p O, ]034r tlVe ^ alS ° gr0Wn afc Slou S h ; their history is detailed 

™ JVJi 1 CaSG !,’ “ b ° th k ? e ; and small - scale ™rk, the ground dried grass was 
passed through sieves and the portion of 60-90 mesh used for the extractions, 
xpeiiments having shown that this was the most suitable size of particle. 
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Pectic substances . 

,-wafaW,' of , d ™ d cocksfoot ’(1930) were extracted with 0-5% ammonium 
oxalate on a boilmg water-bath for 20 hours. The filtrate was precipitated with 
excess of alcohol, the gelatinous precipitate was redissolved in about 500 ml 
of warm water and again precipitated with alcohol containing a little hydro- 
chloric acid. After thorough washing with graded strengths of alcohol" and 
drying, the precipitate was obtained as a nearly white powder (about 4 ».) 
containing 1-5 % of ash. Determination of the true pectin content of the sub- 

Qtanno hvr nnlmmvi . i . . 


, i j -j 7 r. . ** uuutent oi me g 

stance by the calcium pectate method gave a calcium peetate value of 81 

A aa.ni'nlo -f-Vna, i r» . . - 


0/ 
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accepted for pure calcium pectate. The grass pectin was therefore considered to 
be of normal type. 

Estimations of the amounts of the individual pectic substances present in 

ontm 11 t! the were made > following the methods outlined by Branfoot 

[1 It was found necessary to vary the procedure of Branfoot in one respect 
Her method includes extraction of the pectin present in the cell-wall as proto- 
pectin by means of boiling N/ 75 hydrochloric acid and estimation of the 
pectni^ m this solution as calcium pectate directly, i.e. without the preliminary 
precipitation with acidified alcohol. Unless this precipitation was carried out, 
the values found for ‘‘protopectin 5 ’ were considerably higher than those for 
“total pectin” (ammonium oxalate extract), i.e. the iY/75 hydrochloric acid 
removed from the tissue some substance capable of giving an insoluble calcium 
salt under the conditions of the usual calcium pectate precipitation (see below, 
P* 103 °)- ft may be pointed out that this difficulty would not have arisen with 
the alternative methods of extraction proposed by Nanji and Norman [1928]. 

The results of some of these estimations are given in Table I. 


Table I. Distribution of pectic substances. 


Results expressed as g. of calcium pectate per 100 g. dry grass; 
mean of 3 or more values; see also Table V. 


1 2 

Total 

pectin 

(amm. oxalate 
Sample no. extr.) 

1930, Q 2-80 

1931, 3 1-74 

1931, 4 1*76 


3 4 

Pectin in Pectin of 

HOI extr., middle 

(after ale. lamella etc. 

pptn.) (2-3) 

0-31 1*43 

0*28 1*48 


5 6 

“Pectin” in Substance 

HC1 extr., otter 

(omitting than pectin 
ale. pptn.) in (5) 

3-56 0*76 

3-04 2*73 

1*03 0*75 


Methoxyl determinations were made on samples of pectin prepared from 
certain of the ammonium oxalate extracts by precipitation with acid alcohol 
and purified by reprecipitation, etc. The methoxyl values obtained were all 
below 3 % , after allowing for the non-pectic substances present as impurities 
in the material, on the basis of the calcium pectate values of the solids [cf. 
Norman, 1928]. It may be seen, however, from Table I, that by far the greater 
part of the pectin was extracted only by ammonium oxalate, i.e. occurred in 
the tissue as “ middle lamella pectin ” [Branfoot, 1929], which is usually regarded 
as being in the de-esterified or pectate form. 

In order to obtain some further idea as to the degree of esterification of the 
pectin present otherwise than in the form of pectate, the following method was 
adopted. Ammonium oxalate extracts of the dried grass were made, the period 
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of extraction usually not exceeding 4 hours, at 98° ; the extracts were precipitated 
with neutral alcohol, so that the insoluble pectic acid was not formed. The 
precipitate (containing ammonium pectate and soluble pectin) was well washed 
with 70 % alcohol and redissolved in water. In an aliquot portion of the 
solution, total pectin "was determined in the usual manner. A further aliquot 
portion was treated directly with 0*4 N acetic acid and calcium chloride, without 
previous de-esterification with alkali; thus only the pectin present in the extract 
in the form of soluble pectate was precipitated as the calcium salt. In this 
manner it was possible to obtain an approximate estimate of the relative pro- 
portions of esterified and non-esterified pectin in the ammonium oxalate 
extracts; the assumption is made that no esterified pectin is precipitated by 
calcium, chloride in the presence of acetic acid. 

The results of these determinations, summarised in Table II, indicated that 
the major part of the pectic substances was indeed present in the de-esterified 
form. A recalculation of the methoxyl values of the esterified fractions of the 
various pectins, assuming that methoxyl groups were entirely absent from the 
‘ C pectate-pectin 55 fractions, showed that (except in a single case) the average 
methoxyl content of the esterified pectin was still far below that required for the 
fully methylated derivative (11*76 % OMe). In three of the cases recorded, 
the calculated value was close to that required by the dimethoxyl ester, but this 
probably represented only a chance average figure. The unusually low methoxyl 
value found for sample 1930, Q, was probably due to the fact that in this case 
the ammonium oxalate extraction was allowed to continue for 20 hours; Norris 
and Schryver [1925] have shown that ammonium oxalate may produce con- 
siderable de-esterification of pectin during such prolonged periods of extraction. 


Table II. Methoxyl content of pectins. 


1 

2 

3 

4 

5 


Ester-pectin 
as % of 

Pectate-pectin 
as % of 

Average OMe 

OMe con- 

Sample 

content of 

tent of ester- 

total pectin 

total pectin 

total pectin 

pectin, % 

1930, Q 

40 

60 

0-6 

1-5 

1931, 3 

34-5 

65-5 

1-93 

5-59 

5-62 

1931, 4 

21 

79 

1-18 

1932 

30 

70 

1*90 

6*33 

1933, a 

24 

76 

2-80 

11-50 


It has been pointed out above (Table I) that precipitation of the extract 
givem b\ A /75 HC1, without preliminary precipitation by acid alcohol, gave very 
high, values for calcium pectate, 5 suggesting the presence of some substance 
giving an insoluble calcium salt under the conditions of the calcium pectate 
precipitation. A portion of the grass was allowed to stand at room temperature 
with Nj 75 HC1 for 4 -weeks, the acid being changed five times during the period; 
the acid extracts gave no trace of an insoluble calcium salt when tested. It 
seemed therefore that the original contaminant was not an acid liberated from 
an insoluble salt by the action of the iY/75 HC1 (e.g. oxalic acid from calcium 
oxalate), but that mild hydrolysis was definitely necessary for its production. 
Apart from this observation, the nature of the substance has not been investi- 
gated. The need, in dealing with leaf extracts at any rate, of perfor min g a pre- 
liminary alcohol precipitation on the Nj 75 HC1 extracts, as well as on those of 
ammonium oxalate, was evident from these results; it is not indicated by 
Branfoot [1929]. J 
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Hemicelluloses . 

In comparison with the chemistry of the pectins, that of the hemicelluloses 
remains obscure; they comprise a group of substances without any very dis- 
tinctive common property, and the most usual definition classes them simply 
as carbohydrate substances, not removed from plant tissues by water, but 

extracted by 4 or 5 % alkali. Many of the isolated hemicelluloses themselves 
are however water-soluble. 

For the preparation of fairly large amounts of the hemicelluloses, the pro- 
cedure of Norris and Preece [1930] was followed, and the fractions obtained have 
been designated according to their nomenclature. Batches of 250 or 500 g. of 
the dried cocksfoot were extracted first with cold water for 24 hours, then with 
* /o ammonium oxalate for 6 hours at 98°. • After washing with hot water, 
the well pressed residues were allowed to stand overnight with cold. 50 % 
alcohol, containing 1 % NaOH, allowance being made for water retained in the 
residues [c/. Preece, 1931]. The alcoholic liquor was pressed out and the residue 
allowed to stand for several days with successive portions of 4 % sodium hydro- 
xide solution at room temperature. The combined extracts were acidified with 
acetic acid, whereby the crude hemicellulose A was precipitated as a thick green 
tiocculum, whose colloidal nature rendered its removal a matter of extreme 
difficulty, even in the presence of considerable excess of acetic acid. The most 
satisfactory separation was obtained by filtering several times on paper-pulp, 
on the surface of which was spread a thin layer of animal charcoal; a clear 
nitrate was thus obtained, while the hemicellulose A was recovered by extracting 
the pulp with alkali and reprecipitating with acetic acid. Considerable loss was 
however unavoidable at this stage. The hemicellulose was dried by means of 
alcohol, whereby much colouring matter was removed; the final product was 
still brown in colour and was found to contain 3 % of ash and. 2*5 % N 
(Ivjeldahl), equivalent to approximately 15 % of protein. Further purification 
was carried out by conversion into the copper compound, according to the 
method of Baker and Pope [1900], and products were obtained with 0*18 to 
0*35 % ash and from 0*4 to 0*5 % N ; further purification by this method seemed 
impossible. 

After removal of hemicellulose A, the clear filtrates were treated with half 
their volume of acetone,, to precipitate fraction B, and finally with excess of 
acetone, ^to precipitate fraction 0; the crude fractions were in most cases con- 
verted directly into their copper compounds, and thus further subdivided into 
fractions B 1, B 2 and Cl, C 2 [Norris and Preece, 1930]. These substances, 
when dry, were obtained as cream-coloured or white powders, possessing the 
usual characteristics of their class; with the exception of B 1, they -were readily 
soluble in cold water, giving light yellow solutions. B 1 was soluble only in 
dilute alkali but was not then reprecipitated on neutralisation. The fractions 
were free from N but still contained amounts of ash up to 1 %. The total 
yield of isolated hemicelluloses amounted only to about 60 % of the amount 
present hi the grass, as estimated on a small sample (see Table V). From 1100 g. 
of dried grass the yields of the individual fractions were: A, 33 g.;Bl, 18*8 g.; 
B 2, 4*5 g. ; B (unfractionated), 17 g. ; C 1, 8*7 g. ; C 2, 13*2 g. ; C (unfractionated) , 
9*5 g.; total, 104*7 g. The yield was expected to amount to about 200 g. ; the 
greatest losses occurred (a) in the isolation of fraction A and (b) during the 
purification by means of the copper compounds. 

Estimations of furfuraldehyde yield and carbon dioxide yield (on distillation 
with 12*5 % HC1) were made by the ordinary methods on each fraction. 

Biocliem. 1934 xxviii 
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Measurements of rotation were also made, in the case of fractions A and B 1 in 
2 /o sodium hydroxide solution, in the other cases in aqueous solution. Only in the 
case of one sample of hemicellulose A was it possible to determine the rotation on 
account of the opacity of the alkaline solutions. The results, given in Table III 
are the mean of two or more determinations in each case and are calculated on 
an asii-free basis. 

Table III. HemiceUuloses of cocksfoot . 


Fraction 

A 

B 1 

B 2 

Cl 


C 2 


Grass sample 

1931. 2 

1931. 3 
1933, G 

1931, 3 
1933, G 

1931, 3 
1933, G 

1931. 3 

1931. 4 
1933, G 


3 4 

Furfuraldehyde Uronic anhydride 
% (C0 2 x 4) 


yield % % (C0 2 x 4) Rotation, [a]/,, 

58*4' 1-6 -102° 

(c = 1*5 %, in 2 % NaOH) 
53*1 10-6 -47° 

52*0 10*8 -51° 

(c= 1*0%, in 2% NaOH) 
16*4 3*4 - 53 0 

— 2*8 - 12° 

(c = l*4 %) 

54*0 6*5 - 83° 

53*4 7*0 - 79° 

(c = l*4%) 

45*4 10*0 - 06° 

— — _69° 

43*6 9*8 - 08° 

(0 = 1*2 %) 

In order to identify the sugar constituents of the hemicelluloses, portions of 
each were hydrolysed by boiling for 4 hours with 3-5 % sulphuric acid; excess of 
acid was removed by addition of the calculated amount of barium hydroxide 
solution. The filtrate in each case (distinctly acid except in the case of fraction A) 
was evaporated to small bulk, exactly neutralised with barium hvdroxide and 
further evaporated to a syrup at low temperature; the syrup was extracted 
with warm 90 % alcohol. The alcoholic extract was evaporated again, the 
residue taken up in water, any barium present removed exactly and the liquid 
allowed to evaporate slowly in vacuo. In all cases except B 2, crystals readily 
formed in the syrups; these were removed and examined separately. The syrups 
were also examined for hexoses and pentoses by the usual methods. The qualita- 

e ™ ninatlou of tlle five fractions for sugar constituents is summarised in 
Table IV. 

Table I\ . Constituents of cocksfoot hemicelluloses . 


Fraction 


B 1 


B 2 


Cl 


C 2 


Sugars, etc. present 
Xylose 

Arabinose 
Xylose 
Arabinose 
Galacturonic acid 
Galactose 

Arabinose 
Xylose 
Arabinose 
Uronie acid ( ?) 
Galactose 

Arabinose 

Xylose 

Galacturonic acid 


Identified by 

Rotation, [a]/, + 19°. Cd xylono- 
bromide. Osazone 
Diphenylhydrazone, m.p. 201° 

As above 

Mucic acid, by HN0 3 , m.p. 218° 
Mucic acid, methylphenylhydrazone, 
m.p. 189°. Osazone (form of) 
Diphenylhydrazone, m.p. 200° 

As B 1, above 


Methylphenylhydrazone, m.p. 189°. 
Mucic acid, m.p. 218° 
Diphenylhydrazone, m.p. 201° 
Rotation, [«]* = + 19-5°. Cd xylono- 
bromide 

Mucic. acid, m.p. 218° by Br oxidation 


Xylose 
crystals 
readily 
Crystals 
pure 
xylose 
No crystals 
in syrup 

Xylose 

crystals 

readily 

Xylose 

crystals 

slowly 

from 

syrup 


1033 



POLYURONIDES OF GRASSES 

The identification of the uronic acid constituents of the fraction was a matter j 

of more difficulty; in no case did the uronic anhydride content exceed 11 %, I 

and, as is well known, the free uronic acids are very readily decomposed by j 

dilute acid during hydrolysis. In the case of fractions A and B 2, no attempt was 

made to identify the very small amounts of uronic acid present. In the other j 

cases, use was made of the bromine oxidation method of Heidelberger and 

Goebel [1927], using both the original hemicelluloses and the barium salts j 

obtained after hydrolysis; the nitric acid oxidation method was also used, ex- j 

cept in the case of fraction C 2, which was found to contain galactose. j 

Hemicellulose A. This fraction was hydrolysed almost entirely to xylose; a 
trace of arabinose was detected, probably less than 2 % of the total sugars. The j 

hydrolysis mixture, free from, acid, had [x] c = + 20° ; no hexose could be detected i 

therein. Judging from the yield of furfuraldehyde given by the hemicellulose, 

since there was practically no uronic anhydride present, a small amount of j 

hexosan was present. During the hydrolysis, an amount of dark-coloured, 
insoluble substance separated, equivalent to some 8-9 % of the hemicellulose. 

This contained 6 % of ash and gave 18 % of furfuraldehyde (on an ash-free 
basis) . 

Hemicellulose B 1 . An estimation of the amount of arabinose in the hydrolysis 
mixture indicated the presence of about 15 % of this sugar; at most, only some 
5 % of hexosan could have been present. A very small amount of mucie acid 

was obtained by oxidation with nitric acid; the small yield may have been clue | 

to the fact that the relatively large amount of sugar oxidation products pre- J 

vented crystallisation; or another unidentified uronic aeicl may have been 

present. * 1 

Hemicellulose B 2. This fraction gave by far the lowest yield of furfur aide- f 

hyde ; the hexosan content was calculated as 70 % . The total yield of the fraction I 

was very small, and this, combined with the very low uronic anhydride content, 
made impossible any attempt to identify the acid constituent. It may be noted 
that, in this case only, the hemicelluloses prepared from different hatches of 

grass showed markedly different rotations; this difference was further to be | 

observed in the rotations of the hydrolysis mixtures. The 1931 preparation 
had l<z] B = +53°, while that of the 1933 batch hydrolysed in a similar manner 
was +17°. The only sugars identified were galactose and arabinose; both of 
these are strongly dextrorotatory, so that the presence of some other sugar of 
low rotation was indicated. Mannose could not be detected. Judging from 
the yield of arabinosediphenylhydrazone given by the hydrolysis mixture some 
xylose was probably present, though none could be detected with certainty; the 
amount present however could not have accounted alone for the low rotations 
observed. 

Hemicellulose C 1. The arabinose content of this fraction, estimated as in 
the case of fraction B 1, was found to be 15 % — approximately the same as in 
B 1. The only difference between the two fractions seemed to be in the slightly 
lower uronic anhydride content of this fraction. All attempts to identify the 
uronic acid in the hydrolysis mixture were unsuccessful. 

Hemicellulose 0 2. This fraction again contained much hexose, identified as 
galactose. Arabinose amounted to 24 % of the hydrolysate. These two sugars, 
with galacturonic acid, accounted for about 50 % of the hemicellulose, the 
remainder being xylose. Since galactose, arabinose and galacturonic acid are 
frequently found in association in polyuronides, the suggestion has been made 
that the pentose arises from the hexose by a series of mild oxidations, through 
the uronie acid ; xylans, on the other hand, have been supposed to arise from 
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glncosans in a similar manner. With this in view, attempts were made to separate 
wS kn P ° rtl0n / rom thls hemicellulose, since it seemed possible that itrepre- 
sented one item of a mixture, while the other three constituents were chemically 

frommM i ^° ds at , tem P ted consisted in fractional precipitation, both 
from acid and alkaline solutions, but the furfuraldehyde, ete. yields of the 
fractions showed no significant variation from those of the original substance 

2swS h rJb an ^ th f VaI r CS ° r bt , ai T d f0r tbe rotafcions of the fractions were all 
distinctly higher, values for [«]* between -83° and -90° being recorded 

haTe\Xn pTacT’ C = °' 7 %) ’ S ° SOme intramolec - lar re-arrangement may 

“oomwS”1 Preece [1931] distinguishes between “free” and 

only bv hot .iStr: u 6 atfcer bein S de fi n cd as that fraction extracted 
ov+L r * i L ] The fiemiccllu loses described above were all obtained by cold 

extmoSn f l° n r 0n . e , bat °fi however the “combined” hemicelluloses were 
extracted by boiling the residues after extraction with cold 4 % sodium hydro- 

*\l e , for 3 A h °r rS 'x- It Was found tha ^ fche extract contained only a trace ofhemi- 
u. ose — ■ , fractions B and C being present in roughly equal amounts This 

Sb“"?T“h3[Si. sin “ in ““ "°““ ed 8 “ e fractio " A “ th « to* 

Distribution of carbohydrate fractions in various grasses. 

i°{ var “ us grasses, grown under comparable conditions on 
oASZT 1 P i 0t +i at SI ° Ugh ’ W6re USed for a series of estimations of certain 
sprint nc‘«fl d ? “ ns *l tUents - Tbe P lots ’ afte r cutting back closely in 
sLe°3 S; ht r h dressed with ammonium sulphate. When the blades were 

grow on fofa Wl h ’ ^ P lot ? + ™ a « aul cut back closely and then allowed to 

AtThe end of a wS Th ^ re ° eiving an - V furtIler ammonium sulphate. 
At tne end of a week, the growths were again cut down, and this crop was that 

used for the analyses described below. (Further details of the treSent'given 

arrtpilyXTlf 98^00^ et al t 1933 ])- The samples were 

y I . at T 98 - 100 > ground and sieved, the 60-90 mesh portion being 

°” e> the m * te “ ™ f„? 

The following estimations were performed on each of the classes ■ ash wa ter 
“j “»<l»«to g oubstees ” before and 
emicelluloses, cellulose; xylan associated with cellulose. * ’ P 

1. Ash Determined on portions of 0-3 to 0-5 g. of dried grass. 

the tld Shtoo tr J rT' SampleS ° fdried ° mSS ' vere allowed to stand for 24 hours in 

100 7LlTLt eXtl :t T “ d ^ reSidUe eX “ ^oe with 

Total dry matter was estimated bv t bath .'. Tbe -combined extracts were evaporated to 100 ml. 
i matter was estimated by drying aliquot portions in the steam-oven for 48 hours 

t “rz of t **"• —» — -i £ 

aoid for 40 minutes! * * ■*— 

of fructose. reducing pow er, due possibly to destruction 

iw ■* *** * — — 

was estimated in aliquot portions of the evt ■ l Wasl ] ed foiling water. Pectin 

liminary precipitation with acid alcohol 7 6 USUa CaIciUni peotate method, after pre- 

“““ “ r *‘ “*“ h determination o, 

in plant tissues. In the present case they were estimated by a method 
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!™^ t0 f ^ l P T e inV0lving aotual illation and weighing of the fractions. To obtain 

ncoidant results it was found necessary rigidly to standardise the procedure; this precaution 

being observed however the method seemed satisfactory. Precaution 

‘>4 ft Pe °t in eStimations ab0V6 were a *- d ried and then allowed to stand for 

ltill Tl e ,° T gaining 1 % NaOH, in order to remove “lignosaecharide” [Reece 
of 5 ^ m w T S f° m hlS extraetion were treated exhaustively mth 4 % NaOH in portions 
1., two extractions were made at room temperature, for 48 hour periods, and fhffurtlfor 
- actions on a boiling water-bath for 6 hour periods; finally the residues were boiled for 1 hour 
under reflux with the alkali. The total extracts were made up to 400 ml. and centrifuged L order 

performed f “ ^ ^ SUSpended matter P resent • Tbe following estimations were 

(a) ^micellulose. 50 ml. of the extract were treated with 10 ml. of glacial acetic acid 

48 hit I" JJ vf 68 by , 27 ° ° f 95 % alC ° h0l; the mixture was alIowed *0 stand fot 
of 80 o 17 r, TU Tw ° ted 0 " the Centrifuge and a,lwed *° stand for 48 hours in 50 ml 
on a ed f ; Cen *" fuglng and washing were repeated, and the solid was finally filtered off 
on a taxed a undum crucible, washed with absolute alcohol and dried in an oven at 98° overnight 

cr^rtf f • d T § ^ the S0M C0U “ ted “ a ^ compact masTonfhe 

■> 13 eln § do “ e ’ small button” of solid was readily detached when dry. The weight 

methods!' ^ ™ ** P1 '° tein C ° ntent (N * 6 ‘ 2S >’ tbese bein § estimated by the micro ' 

allowLtTtil1f^d 100ml 'lf ^ 6Xtra0t Were treated ™th 20 ml. of glacial acetic acid and 
allow cd to stand for 3-4 days, and the precipitate was removed on the centrifuge. (In some eases this 

r, <» — —.) Th. 

dilute acetic acid containing a little alcohol, then transferred to 50 ml. of 80 % alcohol filtered and 
dned as before. The weight was again corrected for ash and protein 

v'as' treafcfT witf 'to ml r ® nlova J! °f bendcePldose the clear liquid (neglecting the washings) 

was treated with 70 ml. of acetone. After standing for 48 hours, the solid was removed washed 
and dried as usual. A correction was applied for ash only. as removed, washed 

•tfLf e, ? Ce if tee °‘ Th ® liquid remainin S after removal of fractions A and B was nrecinitated 

be orf T," 1 J° a “ d thG fl ° CCUlUm ™ ~ d aft- 48 hours! wasM and Sas 

before. The weight was corrected for ash only. 

6. Cellulose was estimated in portions of 2 g. by the Cross and Bevan method. 

in each Tnd fthT T* &rf ” aWel 7 de ^ of the Cross and Bevan cellulose was determined 
r h . ® and tbe x y Ian content of the cellulose calculated therefrom (Hydrolvsis of the 


Discussion. 

The pectic substances of grass have been shown to be normal in tvne- the 

hilTnt^n ly n 'V th “ ■“ = ‘ 

usual observatfonJ The ° f , llemcelluIoses » this being in accordance with the 
the order me/ S ^ ^ 0nnt8 ° fthe tvo cksses of substance are of 
S leaves ?t LTw? * 1SSUes such as timber and straws, rather than 



the pectins is low. Five hemicellulose fractions have been distinguished , but how 
far these can be regarded as definite entities is doubtful. Two at least of the 
fractions (B^l and C 1) were very similar chemically, as regards the proportions 
of the constituent sugars. In the case of cocksfoot, the fractions isolated from 
the 1931 and 1933 batches had practically the same constants except in the case 
of the very small fraction JB 2 (Table III), so that one may conclude that the 
method of separation is capable of distinguishing fairly definite fractions in the 
case of any particular plant tissue. The variation in fraction B 2 is not explained. 

Amongst the individual sugars isolated, xylose accounts for by far the greater 
part. Arabinose is also widely distributed amongst the various fractions, but 
galactose is confined to two of the hemicelluloses. No other sugar was detected., 
among the hemicellulose hydrolysis products, but it may be remarked that a 
water-soluble polysaccharide, yielding fructose on hydrolysis, was found. 

Of the uronie acids, only galacturonic acid was detected with certainty, in 
fractions B 1 and 0 2 ; both these fractions gave also arabinose, and it is 
assumed that this sugar and the uronie acid have a common origin. Although 
xylose was present in such large amounts in all the hemicelluloses, the corre- 
sponding uronie acid (glycuronic acid) could not be detected. 

Summary. 

1. The pectins and hemicelluloses of cocksfoot have been studied. Five 
types of the latter have been distinguished, yielding on hydrolysis mixtures of 
xylose, arabinose and galactose together with uronie acids. Xylose accounts for 
the greater part of the sugars in the hydrolysis mixture. 

2. Comparative analyses of certain of the cell- wall constituents of a number 
of different grasses are recorded. 

The expenses of this investigation were in part defrayed by a grant from 
Imperial Chemical Industries, Ltd. to Prof. A. C. Chibnall, in connection with 
researches upon the biochemistry of grasses. The author wishes to record his 
thanks to Prof. Chibnall for kindly placing at his disposal the samples of grass 
used in the research. 
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to estimate the amount of vitamin C in i °j acid have been used 

in this respect are the ^ ? particular Merest 

and Tarbert, 1933; Nelson and Mottern low u' 06 ° f fmtS [Bennett 

Bessey and King, 1933 ], because ofUie^neraf us^amLtbe ^ ^ 19 ?’ 2; . and 

Sa^manufa^ed ^ alsfbe'f ^ 0 ° 
c h - ieen ^ 

res^/sW SEfc 

certain other points that seem to us of special interest InYeStlgators Clted and 

mainlyS 2 # tdSLSSSSS 0 l 7 US , f CA ° e ’ molecular 176, 

and Ray [1933, 1] and partly thafof Thin 1 ’ ^ & f eth ° d partl y tfa at of Harris 
modified/ A standard solution of^ the^d\Jesh?ff ^ HaOTis and Ra J 

titrated; where this was a naLtlSS efu^d^ 0 ^ t0 

solutions made bv the eYtraufmn nf J ’ 5 j 10 Edition was made to it, but 

necessary degree of acidity with acetic^add W6re brougllt to the 

containing 0-1 g. of the dye ner 100 ml n, + t + ^gmally we used a solution 
as suggested by Bessey and Kino- 11 cmi 1 a OT ^°™ d ^hat a 0-05 % solution, 
larger titres, and WB^S^2^i t 8, 71 1 eq ^ g° od ^'Points with 
taken for the titration The dve solution -n + poi T ons tJi e juices were 
the purity of which wi itself oh ® Sh n + -7 !- Standardised with ascorbic acid, 
We also made us “ He ^ iod “ e solution - 

This was done for two reasons In the fir rt 5 ? TO< f ^ 10 ° iodine soIution - 
to establish the presence of reducino- snhst^ ' ° e ’ 1 , T as h°P ed ^hat it might help 
it is recognised iatlod^ isUS T S r° th0r than ascorbic acM, since 
phenolindophenol; in the second nlace »»}, °* ldlsln g. agent than 2 : 6-dichloro- 


method had been used to follow through ^ cilan ^ e ’ wllere ^e iodine titration 
concentration of orange ?uice MoS £ L"°“ ff 63 th « >*■*> »* 
themselves compared the two motwis ’ i +i b aier and his colleagues have 
and King [1933] P ; itt^ fl S^d5^ t ?S i a, “ ^ d< T by *“** 
obtain the same correspondences or differences as W ° Uld 
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TV here iodine^ was used, 5 ml. of the fruit juice, or appropriate quantities of 
other products diluted with water, were taken for the titration; a few drops of 
fresh staicli solution were added, and the iodine solution was run in slowly until 
a peirn.anei.ifc blue colour was obtained. The end-point was fairly good, provided 
sufficient time was allowed for the titration. 

Reproducibility of results. 

We have investigated the reproducibility of results for both methods of 
titration. In most cases pairs of observations were made by two different 
observers ; 33 pairs of determinations with 2 : 6-dichlorophenolindophenol gave 
a maximum variation between two observers of 0*02 mg. per ml. of juice (4 °/ 0 
of the mean value) and an average difference of 0*005 mg per ml. (i % of the 
mean value) ; the corresponding figures for 12 pairs of iodine determinations were 
0*03 mg. (6 %) and 0*007 mg. (1*5 %). These figures apply to fresh fruit juices, 
but quite reasonably good agreement was also found for pairs of results obtained 
by either method on fruit extracts and manufactured products. It appears from 
these results that the 2 : 6-dichlorophenolindophenol method, which w r e agree 
with Harris and Ray in considering the most specific chemical test available for 
ascorbic acid, also gives slightly but appreciably more reproducible results 
than the iodine method. 

Comparison of methods. 

On comparing the two methods, it was found that orange and tangerine 
juices gave by the iodine method results that were, on the average, 1*5 % 
higher than those obtained with the dye, though in a number of instances the 
iodine results were the lower, the mean difference between all determinations 
by the two methods being, neglecting signs, 3*5 % of the mean value. Somewhat 
to our surprise, the values by the dye method for lemons were higher in every 
case than the values by the iodine method, the average difference being 2*5 % 
of the mean value. This is in direct contradiction to the results reported by 
Bessey and King [1933], who found a significant difference for oranges, the 
iodine results being higher, but no significant difference for lemons. As, however, 
comparisons were only made by us in quite a limited number of instances, we 
are not prepared to say more than that we think the matter requires further 
investigation. We are informed by Dr Baier (private communication) that 
he has found the results obtained on Californian Valencia oranges to be always 
higher by the iodine method than by the dye method. 

Citrous fruit juices. 

In Table I are summarised the results obtained by us on three different 
species of the genus Citrus. The origin of each group was taken, as far as possible, 
from the papers in which the fruits were wrapped; the fruits themselves were 
all purchased from reputable dealers, but it is, in our opinion, desirable that an 
investigation of this sort should be carried out on a much larger scale by those 
engaged in research at the actual fruit-growing centres, not only because the 
origin and conditions of growth of the fruit can then be confidently stated, but 
also because the use of large numbers of fruits would enable the results to receive 
the necessary statistical treatment. 

In spite of the obvious handicaps attached to ad hoc investigations of the 
kind conducted by us, we think the results are self-consistent and lead to 
certain definite conclusions, which are discussed below. 
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Table I. 


Nature of fruit, and 
date of purchase 
Sweet orange (8. xii. 33) 
Sweet orange (seedless) 
(21. xii, 33) 

Sweet orange (8. xii. 33) 
Sw T eet orange (8. xii. 33) 
Sweet orange (9. xii. 33) 
Sweet orange (seedless) 
^(8. xii. 33) ' 

Sweet orange (8. xii. 33) 
•Bitter orange (21. xii. 33) 
Hitter orange (30. i. 34) 

All 

Tangerine (8. xii. 33) 
Tangerine (8. xii. 33) 
Tangerine (2. i. 34) 


Lemon (8. xii. 33) 
Lemon (8. xii. 33) 
Lemon (8. xii. 33) 
Lemon (21. xii. 33) 


All 


All 


Source of 
fruit 

Spain, Almeria 
Spain, Gandia 

Palestine, Jaffa 
Brazil 

South Africa 
Spain, Tabernas 

Brazil 

Spain, Seville 
Spain, Seville 
oranges 

Algeria 

Spain 

Jamaica 

tangerines 

Spain, Malaga 
Sicily, Messina 
Italy 

Cape Colony 

lemons 


mg. ascorbic acid 
per ml. juice 


ml. of juice 
per fruit 


No. of 
samples 

4 

4 

4 


39 


15 


Range of 
values 
0-89 

0-55-0*66 

0-53-0*63 

0-57-0*59 

0-34-0*68 

0-50-0-59 

0-40-0*42 
0-36-0-56 
0-22-0-4 6 
0-22—0-89 
0-73-0*78 
0-31-0-36 
0 - 10 - 0-20 
0-10-0-78 
0-62-0-73 
0-62-0-77 
0*54-0-78 
0-47-0-62 
0-47-0-73 


Mean 

value 

0-89 

0-62 

0-58 

0-58 

0-57 

0-54 

0-40 

0-43 

0-33 

0-51 

0-75 

0-33 

0-15 

0-37 

0-68 

0-68 

0-66 

0-54 

0-64 


mg. ascorbic acid 
in juice of one fruit 


Range of 
values 


Mean 
value 
100-110 105 


Range of 
values 


65-95 

110-125 

70 

90-115 

70-75 

80-90 

25-35 

15-10 

15-125 

35-45 

30-40 

30-36 

30-45 

45-60 

30-35 

35-40 

30-40 

30-60 


79 

116 

70 

107 

72 

85 

31 
25 
67 

40 

35 

32 
37 

50 

32 

37 
35 

38 


Mean 
value 
89-98 93 

44—62 49 


61-72 
40-41 
39-74 60 

35-44 39 


34-36 

10-17 

4-18 

4-98 

27-33 

9-13 

3-7 

3-33 

33-37 

20-23 

19-31 

17-21 

17-37 


three species of fruit c ? ns ^ era ^® range of variation for all 

we think this should he ™ u ? TTf 5 ls greater for oranges than for lemons, 
greater^^^^^^ 1 ^ ^ that we. examined a 

[1933, 2], who examined morM f *f nges than of fomons; Harris and Ray 
the former than in the latter * ^ ° rang6S found a greater variation in 

Stability of ascorbic acid in citrous fruits. 

CKlZ” W* be a . l08! of «—*«• «a from the 
[1933, 2] .nd “itL 2 ll’T ““ ° f H ™ »» d ^>3- 

Tarbert [1933] obtained, on tie whJ. ta". loss ' fpoeially since Bennett and 
plucked fruits. We therefore nam P i +’ lg ^® r va ) ues for the juice of freshly 
precautions against loss the fruit h ° U i°fN ^ ee pt'i,g: tests, without any special 
mately 4 f » 


Table II. 


Stability of ascorbic acid in whole fruit, 

Ac , n. 


Almeria oranges 
Jaffa oranges 
S. Africa oranges 
Tabernas oranges 
Brazil oranges 
Seville oranges 
Spanish tangerine oranges 
Averages for seven types of orange 

Malaga lemons 
Italian lemons 
Cape lemons 

Averages for three types of lemon 


No. of 
samples 

4 

4 

4 

3 

4 
6 
4 


As purchased After storage for 1 month 


mg*, ascorbic 
acid per ml. 

0-89 

0*58 

0-57 

0-54 

0-40 

0-43 

0-33 


No. of 
samples 

2 

2 

2 

1 

2 

3 


29 

3 

4 
4 


0-535 

0-68 

0-66 

0-54 


mg. ascorbic 
acid peer ml. 

0-74 

0-52 

0-53 

0-51 

0-27 

0-37 

0-19 


II 


14 

1 

2 

2 


0-63 


0*44 

0-67 

0*54 

0-57 


67 

41 


35 

14 

9 

39 

30 

12 

5 

13 

35 

22 

25 

19 

24 


0-59 
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The “calculated 55 figures from Dr Baler’s laboratory are based upon the 
figures obtained for the fresh juice and the concentration of the finished product, 
as calculated from the weights of the fresh and concentrated juices. The titration 
figures shown were all obtained by the indicator method, though Dr Baler’s 
technique differs from ours in certain minor details. 


Marmalade. 

Table III shows the result of examining $ number of commercial brands of 
marmalade, most of which were obtained on the open market and the rest from 
the manufacturer, and one sample of home-made marmalade, prepared according 
to a well-established recipe. 

Table III. Ascorbic acid content of marmalade . 

Ascorbic acid (rag. per g.) 



Apparent 
content, of peel 

r" " J " 

Indicator method 

Iodine method 

A 

Very high 

0-14 

— 

B 

High 

0-11 

— ■ 

C 

Medium 

0*085 

— 

D 


0*085 (0*08)* 

0*095 

I) (2nd sample) 

,, 

0*07 (0*07)* 

0*105 (0*105)* 

E 

High 

0*075 

— 

E 

99 

0*07 (0*075)* 

0*07 

F (2nd sample) 

G 

,, 

0*07 

0*07 

Low 

0-065 

— 

H 


0*06 

— 

I (6 samples) 

Jelly (orange) 

<0*01 

0-035 (0*035)* 
1 sample only 

J (6 samples) 

Jelly (lemon) 

<0*01 

K (home-made) 

* ' 

Medium <0*01 

Values in brackets by second observer. 



Concentrated orange juice. 

m % ^ ie courtesy of Dr W. E. Baier, we have received figures for the ascorbic 
acid content, determined by means of both 2 : 6-dichlorophenoIindophenol and 
iodine, of orange juice immediately after expression and of the corresponding 
final concentrate, indicating a very small loss of potency. Although it was 
not possible for us to get a complete biological comparison to confirm this 
result, we submitted a sample of the concentrated juice to the Nutrition 
Department of the Pharmacological Laboratories of the Pharmaceutical Society 
for assay by their routine method. It was there compared biologically with a 
sample of pure ascorbic acid. The following figures have been obtained for this 
sample. 


A. 

California Fruit Growers’ Exchange 

Ascorbic acid 
mg. per g. 


By titration 

2*54 


By calculation ... 

2*65 

B. 

Glaxo Research Laboratory 



By titration (4. i. 34) 

2*55 


By titration (20. iii. 34) 

2*47 

C. 

Pharmaceutical Society 



By biological assay 

2*65 


By titration 

2*28 


The figures reveal at once some correlation between the apparent amount 
of peel present and the ascorbic acid content. 
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o b4ained ^ home . m(uie 

boiling in an open vessel It® Submltted to a lengthy process of 

when the test was carried out ' anTh fa® Wa ® a PP roximatel y a year old 

°f *® Sla^sTarfi 

ora^rw e Ztotadth»Sarti? <IT f? T“‘l T ”** f ' om “* er SeTille 

per 100 lbs. of marmalade m the neighbourhood of 15-30 lbs. 

that only in the verv richest ^ used i a simple calculation will show 

ascorbic acid for the reducing nowfr nf^ f 0 ® 8 the J ’ uice contain sufficient 
from the iuice alone Tt ow ,, 0 a + , , 16 J le ier marmalades to be derivable 

a prelimffiaJysurvei o?trr5v° + US> th f efore ’ desirable to at any rate 

of the orn^r 7 6 dlStnbutloa of ^amin C through the different parts 

_ Distribution of ascorbic acid in citrous fruits. 

sweet orang^ 1 ' tan^fne an<f lelV e ^“ med) as weU . as single specimens of 
outer yellow skin (flavedo) "flip 1 "* 011 * ^ xtracts &om different portions of the 

and pith wire tilted and *“ Wl,ife skin < albed °) aad the pips 
in Table IV. ’ d th lts of these experiments are summarised 


Fruit 

Seville orange 


Sweet orange 

Tangerine 

Lemon 


Flavedo 


Table IV. 

Ascorbic acid (mg. per g.). 

?do Albedo Whole peel 

0*72 1*9 

°*77 0-86 (0*89)* 

0*96 

~ 0*96 

, — ]-2 

<4 )* 0*69(0*68)* 1*01 (1-02)* 

ox* ~ 0*69 

*2)* 0*46(0*51)* i-o 


1*3 (1*4)* * 0*69(0*68)* 

2*1 (2*2)* 0*46 (0*51)* 


Seville orange (average) 
Sweet orange 
Tangerine ' 

Lemon 


(2*2)* 0*46 (0*51)* i-o' 

Weights of portions. 

Flavedo Albedo Whole peel 


a 7 . ^ 30 20 

vemge istnbution of ascorbic acid in whole orange {Seville) as % of total 


Flavedo 

Albedo 


X — 

* Values in brackets by iodine titration. 


Discussion. 

variation ifascorbfr ^Sc^telToflifr^ 117 / 0 ? — * all ° W us to correla te the 
might conceivably have a determining hffiinel ^ “ UUly factors that 

of r si ?b rabIe variation - <**■* 

y m amerent fruits from the same tree, which might be 
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Table V. 

Oranges Lemons 

, ___A , 

Maximum ' Maximum ' 

. group Maximum group Maximum 

Maximum variation variation Maximum variation variation 

group as % of Total as % of General group as % of Total as % of General 
range mean range mean mean range mean range mean mean 

Bennett and — — 0-91-1-03 15 0*97 0-43-0-88 70 0-43-0-94 75 0*68 

Tarbert 

Bessey and King — — — — 0-60 — _ __ __ 0.57 

Harris and Ray 0-45-0-76 45 0*48-0-91 67 0-63 — — 0-34-0-69* 73 n -47 

Baiert — — 0-38-0-53 33 0-45 — 

Baeharach, Cook 0-34-0-68 67 0-22-0-89 130 0-51 0-54-0-78 38 0-47-0-78 50 0-63 

and Smith 

* Omitting one extremely low value (0-18). $ Group values— all Valencias. 


Possible causes of variation in the ascorbic acid content of orange juice are 
many; among them are climatic conditions, including seasonal and annual 
variations in sunshine, rainfall and humidity, variety of fruit, soil and other 
cultural conditions, size and maturity of individual fruits, method of ripening 
and so on. 

We think the results obtained by us on fresh fruit juices establish fairly 
definitely the contention made by one of us recently [Baeharach, 1933] that 
there is a dangerous tendency to generalise on the basis of insufficient experi- 
mental evidence about the amount of a particular vitamin “naturally” present 
in a given foodstuff. We have obtained indications not only of a very con- 
siderable range of values of ascorbic acid in, for example, oranges of different 
variety and origin, but even of very marked variations between the amounts 
present in the juice of fruits taken at hazard from the same consignment. A 
certain amount of work on this subject has already been published, but it is 
clear that the field remains still largely virgin soil. 

In contradistinction to the definite loss of ascorbic acid found by us in 
oranges that had been kept for 1 month, Bracewell and Zilva, using the biological 
test [1931], reported “no marked loss in the vitamin content [of Jaffa oranges] 
when the fruit is stored under ordinary conditions at about 15° for 2 months. 9 ’ 
It is, however, doubtful whether the amount of change taking place under the 
conditions mentioned by them would have been detected by biological assay, 
unless they had been able to use very much larger numbers of animals for the 
comparison and had been able to compare the juice before and after storage 
with some stable standard preparation. 

We think our figures give evidence of deterioration even in so short a time 
as 1 month, and it seems to us a matter of some interest to those concerned with 
dietetics or with the fruit trade to see to what extent this change is normal and 
inevitable, for how long it continues, and what are the resultant limiting values 
for ascorbic acid content in different citrous fruit jucies. It will be remembered 


correlated with different degrees of ripeness, but in average fruits from neigh- 
touring trees of undoubted genetic identity, grown under identical conditions, 
and there is no a pi ion reason for assum.ing that these variations will not apply 
to the ascorbic acid content. 

Comparison of our results with those of Bennett and Tarbert showed that 
their averages for both oranges and lemons are definitely higher than ours. On 
the other hand, Harris and Pay found a considerably lower average value for 
lemons than we did. Table "V summarises the figures reported by five groups of 
investigators for the ascorbic acid content of orange and lemon juices. 
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that Harris and Ray [1933, 2] found an apparent increase of ascorbic acid on 
storing lemons and attributed it to desiccation. The two efects are clel? 
antagonistic and one might mask the other. clearly 

The literature contains various accounts of investigations into the QT ,f 
lemon ]mce a , but m many ca«s tie material examined was “ , 

SSS S? B “’ 6 ' Pr “‘°“ [19261 d “"" b * d “» examinatlo7rf 1 

-- 

• [1925] tested bioIogicall y a number of products prepared commerciallv 

including a vacuum-concentrated lemon juice, dried whole orano-p de«i™at " i 

ltported that it retamed the antiscorbutic factor to a great extent alth™,,,/ 

, 16re 1S , a probability that the longer exposure to the air at higher temperatures 

ZZt T TalUe n He ,T d fresh ° range i uice a standard antis^rbuthTfor 

control, this may have differed somewhat in vitamin C content from the fresb 
juice that was concentrated. irom tne lresh 

The results obtained on the sample of concentrated Californian orano-e ini™ 
assayed at the Pharmacological Laboratories of the Pharmaceutical Q x 6 ’ 
indicate the possibility of conserving vitamin C even in forge scale manufacturing 
processes. The excellent agreement between the biological and chemical «««, & 

rmmfir p difficulties in properly organised and adequately controlled 

2^£5S3mSs3S2S 

ab e to produce a marmalade of standardised vitamin C content and nf an! 

the vitamin C in marmalade w£ dtSved SSely from^ the ^ ^ 
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been made was carried out in 1928 in the laboratories of the Pharmaceutical 
Society of Great Britain [Coward, 1934, private communication]. The marmalade 
was found to have about one-fourth to one-third of the vitamin C potency of the 
bitter orange juice. As the juice was known to constitute only about one-sixth 
of the. finished marmalade, it "was evident that some other constituent was con- 
tributing to the vitamin C content. The peel of the orange was suspected on the 
evidence of Hess [1916] as to the presence of vitamin 0 in orange rind, though 
no further experiments were carried out to try to confirm this. 

Our results seem to us to indicate that a very considerable part of the 
vitamin C in marmalade, where it is present to an 'appreciable extent, is derived 
from the peel rather than from the juice. There is a marked correlation between 
the. amount of peel apparently present in the marmalade, as far as can he judged 
by inspection, and the amount of ascorbic acid determined by titration, in spite 
of the. probability that there must be numerous other independent variables 
operating to determine the final resultant ascorbic acid. In one or two- instances 
■we obtained higher results by the iodine titration than by the 2: 6-dichloro- 
phenolindophenol method. This might conceivably be due to the production 
during manufacture of sugar degradation products susceptible of oxidation by 
iodine solution but not reducing the dye under the conditions of the test. Nor 
must the possibility be overlooked that there may be produced sugar degrada- 
tion products capable of reducing both reagents; there is no method known at 
present for establishing this point, save an extensive series of comparative 
chemical and biological tests. The recent work of Euler and Martins [1933] and 
others shows that physiologically inactive reducing substances can be prepared 
from simple sugars by heating under alkaline conditions, but we have found 
it also possible to obtain an increase in the reducing power of malt extract by 
simply heating it for to 2 hours at 100°; it is conceivable that traces of these 
substances might be produced during marmalade manufacture, even in the 
presence of natural fruit acids. 

On the other hand, we have obtained some indication of the presence of 
inhibiting substances, or at any rate of technical difficulties in the estimation that 
result in the apparent presence of inhibiting substances. When pure ascorbic acid 
is added to orange or lemon juice, almost complete “recovery 55 is obtainable 
by either of the titration methods. This is not ahvays the case if pure ascorbic 
acid is added to marmalade. Nevertheless, even bearing in mine! the possible 
presence of reducing substances other than ascorbic acid, and of substances 
inhibiting the reduction of dyestuff and iodine, as well as the experimental 
errors inseparable from the titration of samples of marmalade, we are of opinion 
that the correlation between the apparent peel contents of marmalades and their 
reducing powers is too close to be other than significant. 

Our results with the peel of citrous fruits might possibly have been attributed 
to the presence of reducing substances other than ascorbic acid, although the 
agreement between iodine and dye titrations is some evidence against such a 
view. We were therefore interested to find in the literature references to the 
antiscorbutic properties of orange peel. Hess and Fish [1914] report that “the 
juice of orange peel seems to serve the same purpose as the juice of the orange 
itself 55 in clinical experiments on infants. Hess and Unger [1918, 1] report that 
“a watery decoction of orange peel was able to protect against scurvy, 55 and 
also [Hess and Unger, 1918, 2] that “’orange peel possesses marked antiscor- 
butic potency, and withstands desiccation remarkably well. 55 Willimott and 
Wokes [1926], however, found that an alcoholic extract of lemon fiavedo was 
only feebly antiscorbutic; the conditions of preparation and storage of their 
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extract may well, however, have been such as to destroy any ascorbic acid 
present. 

If our results lend themselves to the interpretation that there is a steadilv 
tailing concentration of vitamin C as one passes from the outside to the inside of 
the orange, it seems to us to open up some lines of investigation into the actual 
processes whereby ascorbic acid is synthesised in the plant. Is it possible that 
ascorbic acid is produced by some photosynthetic process involving the pigments 
themselves, and if so, which of the pigments in orange flavedo are responsible? 

We shall content ourselves here with pointing to the unexpected similaritv 
shown by the orange and the apple, since Bracewell et al. [1931] have fullv 
demonstrated that the concentration of vitamin C in the tissue of Bramley’s 
seedling apples increases as the skin is approached from the core, and is more 
than six times as great in the peel as in the flesh near the core. The apparently 
very different morphology of the orange led us to assume, as we fancy has been 
assumed by other investigators, that the natural site of its vitamin C would be 
the juice and that any present in the peel would be more or less adventitious 
Uur results suggest that this is very far from the truth. 

, T ^r T} l UtlC aCtl 7 lty ° f aseorbic aei d has been generally accepted as 
about 16 00° units per g„ but Key and Morgan [1933] in a recent paper reported 
only half this value and suggested that the discrepancy might be attributed to 
natural variations in lemon juice. The paper previously published by Bennett 
and Tarbert [1933] and the subsequent publication by Harris and Ray [1933 S>] 
lend some support to this suggestion, though Key and Morgan’s value would 
necessitate that their lemon juice contained 1-36 mg. ascorbic acid per ml. a 
figure higher than has ever been reported by chemical determination, as indeed 
Harris and Ray themselves observe. The matter can never be finally settled 
since Key and Morgan carried out no chemical determinations of ascorbic acid 
!r m ° n USed f T ^ eir comparisons. Qualitatively, however, we confirm 

he finding of Harris and Ray that fresh lemon juice as such, without further 

hi U ^tamiu 0 testing V10USly Unfitted f ° r USe as an intem ational standard preparation 

The mean value found by us for lemon juice was 0-64 mu. per ml which 
HI* 8 to i he international unit of vitamin C an ascorbic acid equivalent of 
0 064 mg. This would give to ascorbic acid a value of nearly 16,000 international 
units per g. Since it is clear that our relatively small number of samples did not 
by any means cover the whole range of variation in lemon juices, no serious 
inaccuracy would be introduced into assays that have already been completed 
ff the Permanent Commission for Biological Standardisation were to revise the 
international standard for vitamin C assay and assign to pure ascorbic acid 
an antiscorbutic activity of 10,000 or 20,000 international units per g. 

Summary. 

Values are presented for the ascorbic acid content of the juice of individual 
fruits of oranges from nine different sources, tangerines from three sources and 
lemons from four sources. Determinations were made by titration with 2-6- 

” “ id ““«• -a many ies with »Z lo. 
rnese two methods gave results m good agreement. 

Thirty-nine oranges gave extreme values of 0-22 and 0-89 mo- ascorbic acid 

S f: JZZfo 0f °' 6 , 1 m ?;r ml - 

mes ot 0 10 and 0* /8 mg. per ml., with a mean of 0*37 mg. per ml Fifteen 
lemons gave extreme values of 0-47 and 0-73 mg. per ml., with a mean of 0B4 mg. 
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per ml. Considerable variations were often found even between fruits from the 
samp* consignment . * 

^Storage of the fruit for 1 month caused on the. average nearly 20 % Joss of 
ascorbic acid in oranges, but only 6 % in lemons. 

Examination of a concentrated orange juice by both chemical and biological 
methods showed that negligible loss of ascorbic acid had occurred during con- 
centration and subsequent storage. 

Eleven varieties of marmalade contained 0'06 to 0*14 mg. ascorbic acid per g. 
except for three varieties, which gave a negative test. The richer kinds were 
those apparently con taming most peel. 

In all types of citrous fruits examined, the flavedo was richest in reducing 
power, the albedo next richest; the juice was poorer in ascorbic acid than the 
peel, while the pips contained no demonstrable amount. 

In view of the variable antiscorbutic potency of lemon juice, it is suggested 
that the international unit of vitamin C should be redefined as the vitamin C 
activity of some definite weight of ascorbic acid. 


Biochem. 1934 xxviti 


67 


CXLV. THE CATALYSIS OF PEROXIDE 
OXIDATIONS BY FERROUS IONS. 


By JOHN DEMPSTER STIRLING. 

Fmm the Institute of Physiology , The University , Glasgow . 

(Received April 28th , 1934.) 

The importance of “oxygenase” systems in biological oxidations has been 
abundantly shown by the work of Engler and Wild [1897], Bach and Chodat 
[1902-1904], Manchot [1902], Gallagher [1923], Warburg [1921-1928], and 
Thurlow [192o], The oxygenase 55 theory may be briefly summarised as follows. 

There exist in living cells certain autoxidisable substances capable of uniting 
with molecular oxygen and so giving rise to highly oxygenated peroxide-like 
compounds which act as powerful oxidising agents. If A represents such an 
autoxidisable substance and B a substance capable of acting as an oxygen 
acceptor, then the oxidation of B is represented by the following scheme : 


A + 0, — i 
AO a +2B • 


AO, 

A + 2BO. 


A model for this reaction is to be found in the well-known induced oxidation 
of indigo to isatin in the presence of benzaldehyde, first described by Baever 
and Villiger [1900], 

The transference of oxygen from the “peroxide” (AO a ) to the oxidisable 
substance B is made possible by the intervention of enzymic systems known as 
peroxidases. How these exert their specific influence is still a matter of con- 
jecture, but it is thought that metals such as iron, copper and manganese may 
play a part. Warburg [1925], indeed, ascribes to iron an extremely important 
10 . 111 tissue oxidations and postulates a complete “oxygenase” system in 
which the iron activates molecular oxygen and brings about its transference to 
organic substances. Closely related is the in vitro function of iron as a catalyst 
m reactions between organic substances and oxygen which is already hi an 
activated form. As such the function of iron is that of a peroxidase. This catalytic 
function of ferrous iron was first observed by Fenton [1898] who demonstrated 
the oxidation of tartaric acid to dihydroxymaleic acid by hydrogen peroxide in 
the presence of ferrous salts. Brode [1901] put forward the view that an unstable 
compound is first formed by combination of the ferrous salt and hydrogen 
peroxide and that this is the actual catalyst. Mummery [1913], investigating 
the reaction between ferrous salts and hydrogen peroxide, found that each 
gram-atom of ferrous iron required for oxidation to the ferric state one half- 
pun-mo ecule of hydrogen peroxide, and further, that hydrogen peroxide may 
be catalytically decomposed by addition to a solution of a ferrous salt. Mummerv 
made use of Tnllat's reagent (tetramethyldiaminodiphenylmethane in citric 
acid solution) which gives a blue colour with the lead dioxide class of superoxides 
but remains unchanged in the presence of true peroxides. He found that when 
hydrogen peroxide is added to a solution of a ferrous salt containing Trillat’s 
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reagent a deep blue colour results. No colour is given when Trillat’s reagent 
is added to a solution of a ferrous salt after the addition of hydrogen peroxide. 
The reagent is not coloured by ferrous salts, ferric salts or hydrogen peroxide 
alone or by ferric salts in the presence of hydrogen peroxide. 

Mummery concluded from these findings that in the oxidation of ferrous salts 
by hydrogen peroxide there is an intermediate stage with the production of an 
unstable and extremely active oxidising agent. He suggested that this might be 
the actual oxidising agent in Fenton’s reaction and assigned to it. a perhydrol 
structure HO.O — Fe — S0 4 H, ferrous sulphate perhydrol. 

More recently Kuchlin and Boeseken [1929], studying the oxidation of 
fructose and glycerol, have suggested that in such oxidation systems the first 
reaction is the formation of a binary complex of ferrous salt and the oxi disable 
substance. This may then be followed by an addition of hydrogen peroxide 
giving a ternary complex which is disrupted by the act of oxidation, liberating 
ferric iron and the oxidation product. 

It is evident from the foregoing resume that the role of iron in catalysed, 
oxidations is far from clear. It is still uncertain whether the iron undergoes a 
change of valency while acting as a catalyst and how such a change of valency, 
if it does take place, is related to other reactions occurring between members 
of the system. The present study has been directed on both qualitative and 
quantitative lines towards the elucidation of the reactions involved in the 
catalysis of peroxide oxidations by means of ferrous iron. The qualitative 
observations are reported in Fart I and the quantitative aspects in Part II. 


The oxidation of tartaric acid . 

The following solutions were examined: 

(1) 0*1 M tartaric acid which was 0*01 M with respect to ferrous 
0*01 if with respect to hydrogen peroxide. 
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(2) 0-1 M tartaric acid which was 0*01 M with respect to ferrous salt and 
0*1 M with respect to hydrogen peroxide. 

(3) and (4) as (1) and (2) but without tartaric acid. 

Controls: 12 3 4 

Hydrogen peroxide - + 

Ferrous iron + + - _ 

In solutions 3 and 4 addition of peroxide gave rise to a strong orange -yellow 
colour which persisted — the thiocyanate test being strongly positive. 

Addition of hydrogen peroxide to solutions 1 and 2 gave a greenish yellow 
colour which faded rapidly giving a water-clear solution free from ferric iron. 
A positive thiocyanate reaction was only given while the greenish yellow 
colour persisted in the solution. 

It was noted that the time required for the disappearance of the colour 
produced by addition of hydrogen peroxide to a solution of tartaric acid con- 
taining ferrous iron became less with successive additions. 

A typical example may be given. 

0*1 M tartaric acid containing 0*01 M ferrous sulphate was taken. 

0*01 M hydrogen peroxide was added and the time taken for the colour so 
produced to fade was noted by means of a stop-watch. A second proportion of 
peroxide was now added and the time again noted, the process being repeated 
until, in all, ten additions of peroxide had been made. 

No. of additions of peroxide 1 2 3456789 10 

Time in seconds 194 130 83 81 79 75 76 85 74 74 

198 128 81 81 78 76 74 72 73 72 

It will be seen that the time required for the disappearance of the ferric iron 
initially formed decreases as the concentration of the tartaric acid decreases — 
the reduction therefore cannot he brought about by a reaction in which tartaric 
acid plays a part. 

To a solution of tartaric acid containing ferrous iron there were added a few 
drops of Trillat’s reagent (1 % tetramethyldiaminodiphe^dmethane in 1 % 
citric acid). On addition of hydrogen peroxide a deep blue colour was formed. 
This, however, quickly faded giving a water-clear solution. 

A solution of tartaric acid containing ferrous iron was divided into two 
portions a and b. To a a few drops of Trillat’s reagent were added. Hydrogen 
peroxide was then added to both solutions. It was observed that the colours 
initially formed faded rapidly, the blue of a and the greenish yellow of 6, and 
that the solutions became colourless simultaneously. No colour was given on 
the addition of Trillat s reagent to solution ■ b after the fading of the greenish 
yellow colour. Addition of Trillat’s reagent while the greenish yellow colour 
persisted gave the blue colour. 

The above observations lead to the conclusion that the same substance is 
responsible for giving the ferric iron test, the greenish yellow colour of the 
solution and the reaction with Trillat’s reagent. It appears to have but a tem- 
porary existence, and the rate of its disappearance does not appear to bear any 
relationship to the amount of tartaric acid present in the solution. 

A further experiment bearing on the production of this labile substance may 
be reported. 

To a solution of a ferrous salt an amount of hydrogen peroxide more than 
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sufficient to oxidise all the iron to the ferric state was added. Immediately the 
solution became brown in colour and effervescence took place. If allowed to 
stand the effervescence stopped and a brown precipitate formed. No ferrous iron 
could be detected in the solution. 

If, however, a solution of tartaric acid were added while effervescence was 
taking place the deep brown colour of the solution faded immediately to greenish 
yellow. This latter colour persisted for some time and finally faded to leave a 
water- clear solution. Only ferrous iron could now be detected in the solution. 
The production of the labile substance mentioned above does not seem therefore 
to be conditional on the presence of ferrous iron in the solution. 

The discussion of the facts reported in this section is postponed until the 
examination of other oxidation systems has been described. The reactions taking 
place during the oxidation of tartaric acid appear to proceed very rapidly and 
it was felt that it would be advantageous to examine systems requiring a longer 
time for the completion of the various phases of reaction. 


The oxidation of d-glucose. 

d-Glucose was shown to be oxidised to glucosone by Fenton’s reaction by 
Morrell and Crofts [1899]. 

Preliminary study revealed that with d-glucose the reaction appeared to 
proceed at a much slower rate than with tartaric acid, and it has accordingly 
been chosen to illustrate certain points. 

When hydrogen peroxide is added to a solution of d-glucose containing 
ferrous iron there is initially developed a yellowish brown colour. This, as shown 
by a positive thiocyanate test, is due to the presence of ferric iron. The colour 
persists for a long time but slowly disappears until finally a solution is obtained 
which is only slightly yellow in colour. This solution is now free from ferric iron 
but contains ferrous iron. 

It was found that on adding sufficient hydrogen peroxide the presence of 
this reagent could be detected in solution. The peroxide was found to disappear 
quite rapidly from the solution, the time required depending on the amount of 
peroxide added. The disappearance of the ferric iron did not, however, coincide 
with the disappearance of the peroxide. Indeed a very much longer time was 
required for the solution to react negatively to thiocyanate. In one experiment 
a solution was made OT M with respect to ^-glucose, 0*01 M with respect to 
ferrous sulphate and 0-1 if with respect to hydrogen peroxide, the oxidising 
agent being added last. It was found that all the peroxide had disappeared from 
the solution in 12 minutes, while the ferric iron did not disappear until after 
24 hours had elapsed. 

Table I. 


d- Glucose 0*1 M and FeSO x 0*01 if throughout. 


No. of tube 1 

Molarity hydrogen peroxide 0*01 
Ferric iron + 

Ferrous iron + 

Hydrogen peroxide 


In Table I are given the results of observations on a typical glucose system, 
the tests being carried out immediately after the addition of hydrogen peroxide, 
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It will be seen that in every ease, with additions of peroxide up to con- 
centrations representing 4 g.-mol. proportions of hydrogen peroxide per g. atom 
of iron, ferric and ferrous iron were found in the solution. The intensity of the 
thiocyanate test increased as that of the ferricyanide test decreased. The presence 
of hydrogen peroxide could he detected only in those tubes from which all the 
ferrous iron had disappeared. Solutions 5-10 were of a uniform yellow colour; 
all showed the presence of hydrogen peroxide and absence of ferrous iron. 

The difference in times taken for the disappearance of ferric iron and hydrogen 
peroxide strengthens the impression obtained in the study of tartaric acid 
oxidations that the reappearance of ferrous iron is not associated with the 
primary oxidation taking place in such systems. The amount of hydrogen 
peroxide required to be added before all the ferrous iron disappears should be 
contrasted with the 0*5 g.-mol. proportion required in the absence of an oxidisable 
substance. This point is dealt with more fully in Part II. 

’ 

The oxidation of i-inositol. 

So far no information has been obtained as to the behaviour of the oxidisable 
substance in such systems. In order to provide this, some observations may be 
reported on the properties of peroxide-iron systems containing ^-inositol. 

In the course of a study of the oxidation of ^-inositol it was observed that 
addition of hydrogen peroxide to solutions of ^-inositol containing ferrous iron 
gave rise to the production of a deep blue colour. This colour is the result of a 
reaction between ferric ions and the first oxidation product of i-inositol — an 
example of the general reaction between ferric ions and substances containing 
phenolic groups. 


HO^^OH 



ho /Nn oh 

blnositol 



HCK^ V 'OH 


First oxidation product 
(Gives blue colour with ferric ions) 


It will be readily appreciated that such systems are self- indicating so far as 
the presence of oxidation product is concerned. 

When hydrogen peroxide is added to a solution of i-inositol containing 
ferrous iron there is initially developed a yellowish brown* colour and the 
thiocyanate test is positive. In a short time the yellowish colour merges into 
green and finally into a deep blue. This colour persists for a considerable time 
but gradually fades leaving a water- clear solution giving no reaction for ferric 
iron. 

In Table II is given a summary of a typical experiment with ^-inositol. 

# I 11 tubes 1-4 there was no development of blue colour, showing that no 
oxidation of the a -inositol had taken place. In these tubes the ferric iron did not 
disappear on standing. 

In tubes 5-10 the development of the blue colour was followed by a gradual 
fading to a water-clear solution free from ferric iron. 




Table II. 


i -Inositol 0*1 M and FeS0 4 0*01 M throughout. 


No.. of tube 

I 

2 

3 

4 

5 

6 

7 8 

9 10 

Molarity hydrogen peroxide 

0*01 

0*02 

0*03 

0*04 

0*05 

0*06 

0*07 0*08 

0*09 0*10 

Ferric iron 

+ 

4- 

4 

+ 

4- 

4- 

4- 4- 

4- + 

Ferrous iron 

+ 

4- 

4- 

+ 

- 

- 

- 

- 

Hydrogen peroxide 

- 

- 

- 

- 

4- 

4- 

4- 4* 

+ + 

Development of blue colour 

- 

- 

- 

~ 

4- 

4 

4- 4 

4- 4 


There would not appear to be any oxidation of the i- inositol until all the 
iron Is converted into the ferric state. 


The oxidation of formic acid. 

The substances examined so far, tartaric acid, d-glucose and i-inositol, 
yield on oxidation products which are themselves capable of further oxidation, 
thus introducing secondary effects. In order to rule out such secondary effects 
it was decided to study the behaviour of formic acid. This substance gives on 
oxidation carbon dioxide and water which, being incapable of further degrada- 
tion, do not introduce secondary effects. 

Table III summarises a series of experiments on the oxidation of formic acid. 

Table III. 

Formic acid 0*1 M and FeS0 4 0*01 M throughout. 

Tube No. 1 2 3 4 5 6 7 8 9 10 

Molarity hydrogen peroxide 0*01 0*02 0*03 0*04 0*05 0*06 0*07 0*08 0*09 0*10 

Ferric iron 4- 4- + 4 4- -!- 4 4- + -4 

Ferrous iron + + + + ■""■"*“ 7 

Hydrogen peroxide - - - ~ + + + + 

This system corresponds exactly with those already reported with the 
exception that although the hydrogen peroxide disappears rapidly there is no 
regeneration of ferrous iron. Instead, on standing, the solutions deposit a 
brownish yellow precipitate which is soluble in mineral acids and gives a positive 
test for ferric iron. 

II. Quantitative aspects. 

Mummery [1913] has found by means of qualitative tests that in the presence 
of sulphuric acid, 1 g.-mol. of ferrous iron requires for its oxidation to the ferric 
state 05 g.-mol. of hydrogen peroxide. 

2FeS0 4 + H 2 0 2 + H 2 S0 4 = Fe 2 (S0 4 ) 3 + 2H 2 0. 

In the present study ferrous iron is oxidised by hydrogen peroxide and it 
was desirable to find the quantitative relationships existing between these two 
substances under the conditions employed. 

Procedure. Tubes were made up, each containing a known quantity of ferrous 
sulphate solution. Known quantities of hydrogen peroxide in increasing amounts 
throughout the series were then added. The solutions were immediately acidified 
with sulphuric acid and titrated with potassium permanganate solution. The 
results of two such experiments are shown in Table I\ . 

It will be seen that the permanganate titre is least in tube 7 and it may be 
concluded that in the absence of sulphuric acid 1 g.-mol. of hydrogen peroxide 
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Table IV. 


Tube No. 

1 

2 

3 

4 

5 

6 

7 

g.-mol. ferrous salt 

0*001 

0*001 

0*001 

0*001 

0*001 

0*001 

0*001 

g.-mol. peroxide/ferrous salt 

— 

0*1 

0*2 

0*3 

0*4 

0*5 

0*6 

ml. 0*04868 N KMnO, 

19*8 

15*8 

12*0 

8*9 

5*1 

2*5 

0*3 


19*8 

15*9 

12*0 

8*9 

5*3 

2*3 

0*2 


oxidises 2 g.-mol. of ferrous salt to the ferric state. The somewhat higher figure 
obtained in the absence of sulphuric acid is due to catalytic decomposition of 
some hydrogen peroxide. 

The results of Part I already reported indicated that secondary reactions in 
the system chosen for quantitative study would give rise to complications, and 
in fact it was found that the only oxidisable substance whose oxidation could be 
followed simply and quantitatively was formic acid. 

The influence of the ratio formic acid/ ferrous salt on 
the amount of iron oxidised . 

In the qualitative study of the oxidation of formic acid it was found that 
there was a simultaneous oxidation of ferrous iron. Reference to Table III shows 
that in the conditions there represented before all the iron is converted into the 
ferric state there must be in the system an initial concentration of 5 g.-mol. of 

hydrogen peroxide per g.-atom of iron. This figure was by no means constant 

appearing to depend on the ratio formic acid/ferrous salt, as is shown in the 
following experimental series. 

I or each ratio ten tubes were made up, each containing the same amounts of 
formic acid solution and ferrous sulphate solution. Distilled water was then 
added so that after addition of hydrogen peroxide each tube would contain the 
same volume of liquid. Hydrogen peroxide solution was added finally and in 
increasing amount from tube 1 to tube 10. The contents of the tubes were 
immediately acidified with sulphuric acid, and the amount of ferrous iron remain- 
ing in each was determined by permanganate titration. Figs. 1 to 5 show the 
results in graphical form. In Exps. 2 and 3 (Figs. 2 and 3), solutions of a duplicate 
series were not acidified with sulphuric acid immediately after the addition of 
hydrogen peroxide, but were allowed to stand closely stoppered for 17 hours, 
in which time a brown precipitate settled out. They were then acidified and 
titrated with permanganate solution. 

It will be seen that ferric iron appears in the system long before all the 
tormic acid can have been oxidised. The oxidation of iron and formic acid is 
therefore simultaneous, or at least the oxidation of the former is not brought 
about by excess peroxide after all the formic acid has been oxidised. Moreover, 
the greater the amount of hydrogen peroxide in the system, the greater the 
amount of iron oxidised. The sharp angle of the curves after meeting the abscissa 
is due to the presence of excess peroxide in those solutions which were titrated 
immediately. It will also be seen that it is possible to have all the iron oxidised 
to the ferric state before sufficient hydrogen peroxide has been added to bring 
about the complete oxidation of all the formic acid. Although the amount of 
lyc rogen peroxide which must be added initially before all the ferrous salt is 
oxidised varies greatly with the ratio formic acid/ferrous salt, Fig. 4 shows that 
this amount is not dependent on the absolute concentrations of the members of 
the system. With a high ratio formic acid/ferrous salt a larger amount of hydhogen 



unoxidised Fe++ salt unoxidised 

f N KMn0 4 ) (nil. 0*0107 N KMn0 4 ' 
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peroxide must be added to bring about oxidation of ferrous iron than with a 
low one. These results are roughly summarised in Table V (Fig. 6). 

Table V. 

Ratio formic acid/ferrous salt 20 10 5 2 1 

g. -mol. H 2 0 2 which must be added initially 5*85 4*8 3-0 1*6 1-4 

to oxidise 1 g.-atom ferrous iron 



In the first series of experiments the concentrations of ferrous sulphate and 
formic acid were unchanged and in every case all the ferrous iron could be 
oxidised. The influence of the ratio formic acid/ferrous salt is also seen in the 
following series where the concentrations of hydrogen peroxide and ferrous salt 
are kept unchanged in 10 tubes while the concentration of formic acid is varied. 

Table YI. (Fig. 7.) 

FeS0 4 and H 2 0 3 9 x 10“‘ l M throughout. 

Ratio formic acid/ferrous salt 1 2 3 4 5 6 7 8 9 10 

ml. permanganate solution 4*4 9-1 11*5 13-1 14*8 15*7 16 16*4 16*8 17*1. 

The further significance of the influence of this ratio will be considered later. 
Turning now to the correlation of these results with the oxidation of formic acid, 
the following experiments report the results of determinations of the amount 
of formic acid oxidised under differing conditions. 

The oxidation was followed by the use of a standard baryta apparatus for 
the absorption of the carbon dioxide evolved. The solution containing the formic 
acid and ferrous salt was placed in a flask fitted with a three-holed rubber 
stopper carrying (1) a reflux condenser attached to a baryta absorption apparatus, 
(2) a burette for the introduction of hydrogen peroxide, (3) an inlet tube for 
C0 2 -free air. The apparatus was made air-tight and free from carbon dioxide 
and the absorption apparatus connected. Hydrogen peroxide was introduced 
and the apparatus shaken for a short time. Concentrated sulphuric acid was 
then added, and the contents of the flask were boiled while a stream of 00 o - 
free air was aspirated through the solution. The amount of carbon dioxide 
evolved was determined by titrating the excess of baryta with standard oxalic 
acid solution. 
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It was found that (1) carbon dioxide was evolved in detectable amounts 
when very small quantities of hydrogen peroxide were added, (2) oxidation was 
inhibited by the previous addition of strong mineral acid, (3) when the ferrous 
salt was replaced by a normal ferric salt no oxidation took place on addition 
of H 2 0 2 , (4) if formic acid was added to a solution of a ferric salt obtained by 
the oxidation of a ferrous salt by the calculated amount of hydrogen peroxide, 
evolution of carbon dioxide followed a further addition of hydrogen peroxide. 

The following table gives the results of the examination of a typical system. 

Table VII. 


Ratio formic acid/ferrous salt = l. Molarity of FeSO* = 0*004. 


Ratio hydrogen 

0*5 

1 

1*5 

2 

2-5 

peroxide/H . CO OH 

g.-mol. hydrogen 

0-002 

0-004 

0-006 

0-008 

0-01 

peroxide present 

ml. 0-3922 N baryta 

5-OS 

9-87 

15-21 

IS- 84 

20-00 

19*68 

required 

5- IS 

10-07 

15-16 

18-44 

g.-mol. formic acid 

0-00100 

0-00197 

0-00298 

0-00369 

0-00392 

oxidised 

0-00102 

0*00194 

0-00297 

0*00362 

0-00386 

Mean 

0-00101 

0-00195 

0-00298 

0-00365 

0-00389 


It will be seen that the amount of formic acid oxidised is very far from being 
equivalent to the amount of hydrogen peroxide added. Some of the peroxide 
can, of course, be accounted for by the oxidation of iron which is in this case 
irreversible. A further series of experiments is summarised in Table \ III. In 


Table VIII. 

g.-mol. formic acid oxidised 


g.-mol. 

formic 

acid 

present 

0-004 

g.-mol. 

hydrogen 

peroxide 

present 

0*0064 

g.-mol. 

ferrous 

salt 

present 

0-004 

ml. 0-3922 N 
baryta required 
to absorb 

CO* 

12-39 15-92 
12-89 16-62 

Ferrous 

previously 

oxidised 

0-00243 

0-00253 

-i 

Ferrous not 
previously 
oxidised 

0-00312 

0-00326 




Mean 

0*00248 

04X1319 

0-004 

0-0084 

0-004 

15-02 18-76 
14-55 19-61 

0-00295 

0-00285 

0-00368 

0*00385 




Mean 

0-00290 

0*00376 


these the oxidation of formic acid was carried out in the presence of iron pre- 
viously oxidised by the requisite amount of hydrogen peroxide (06 g.-mol. 
proportion). These experiments were controlled by others in which the iron was 
not oxidised before the addition of formic acid. 

It appears that the oxidation of formic acid by hydrogen peroxide can be 
catalysed by the previously oxidised iron salt. The discrepancy between the 
two methods was however always found. Since hydrogen peroxide disappeared 
from both types of system in the same way and since the amount o car ' on 
dioxide evolved could not be increased in the first system by a longer period ot 
aeration, the differences observed are not due to differing rates of reaction 
but to a smaller amount of the formic acid present actually undergoing oxidation 
in the first system. This is believed to be accounted for by the increased catalytic 
decomposition of hydrogen peroxide in the presence of the previously oxidise 
iron salt. 
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If formic acid was introduced into a solution containing initially a ferrous 
salt and a large excess of hydrogen peroxide, i.e. a solution in which the peroxide 
itse t was undergoing catalytic decomposition, complete oxidation of the acid 
could be obtained provided the excess of peroxide was sufficiently law 


g.-mol. 

g.-mol. 

Table IX. 

g.-mol. 

ml. 0-3922 N 

Q -Biol 

formic acid 

ferrous salt 

H 2 0 2 

baryta 

&>■ JJULUl* 

formic acid 

present 

present 

present 

required 

oxidised 

0*004 

0-004 

0*04 

19*56 

0*00384 

0-004 

0-004 

0*08 

19*77 

19*55 

0*00388 

0*00393 




20*02 

0-00392 


In all the experiments reported the formic acid/ferrous salt ratio has been 
unity. . It lias been shown that with this ratio the amount of iron undergoing 
oxidation is large and that as the ratio increases, the amount becomes pro- 
gressively smaller. The ratio was now varied, keeping the total volume of the 
solution and the amount of ferrous salt present constant and the oxidation 
followed as before. The results of Table X show that as the ratio increases the 
amount of formic acid oxidised also increases. 

Table X. 


Molarity of FeS0 4 and H 2 0 2 =0-004. 


Ratio formic acid/ferrous salt 

g.-mol. formic acid present 
g.-mol. formic acid oxidised 

1 

0-004 

0-00197 

0-00194 

2 

0-008 

0-0021 

0-0027 

5 

0-02 

0-003 

0-00293 

10 

0-04 

0-0033 

0-00324 

20 

0-08 

0-00343 

0-00353 

Mean 

g.-mol, ferrous salt oxidised 
g.-mol. H 2 G 2 to oxidise 

1 g.-atom ferrous iron 

000196 

0-0032 (a) 
0-63 

0-0024 

0-0023 ( b ) 
0-69 

0-00296 

0-0014 (c) 
0-76 

6-00327 

0-001 (d) 
0-673 

0-00348 

0*0008 (e) 
0*62 


In Table XI the quantitative results obtained are correlated. 


Table XI. 

Ratio formic acid: ferrous salt = I. Molarity of FeSO, =0-004. 


g.-mol. hydrogen peroxide 0-002 

present 

g.-mol. formic acid oxidised 0-001 

g.-mol, ferrous salt oxidised 0-00165 

g.-mol. H 2 Q 2 to oxidise 0-61 

1 g.-atom ferrous iron 


0-004 

0-006 

0-008 

0-01 

0-002 

0-0032 

0-62 

0-003 

0-004 

0-75 

0-0036 

0-004 

M 

0-0039 

0- 004 

1- 5 


The excess hydrogen peroxide over that utilised by the formic acid is 
expressed m line 4, Table XI, as the amount necessary to oxidise 1 g.-atom of 
ferrous non under these conditions. From a scrutiny of the table it will be seen 
that in this case^, where the amounts of hydrogen peroxide and formic acid are 

fWnf ^ e;1 i tS m? X1C l atl011 A f r. the Salt takeS plaee to a § reater extent than does 
t of the acid. The figure 0-6 g.-mol. of hydrogen peroxide for the oxidation 

f 1 g.-mol. of ferrous salt is obtamed in Exps. 1 and 2 but not in the others In 
these experiments, as the qualitative results of Table III show, there is for a 
short time m the solution free hydrogen peroxide. The high figures of Exps. 3, 
and o can then be accounted for by catalytic decomposition of hydrogen 
peroxide by iron salts. The data of Table IX also support this view. ‘ § 
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Lines 5 and 6, Table X, are compiled from the data for other values of the 
ratio formic acid/ferrous salt. 

The figures in line 5, Table X, are calculated from the permanganate titra- , 
tions reported earlier in the paper. Beside each number is given the figure from 
which it has been taken: (a) Fig. 5; (b) Fig. 4; (c) Fig. 3; (d) Fig. 2; (e) Fig. 1. 

It will be seen that where all the ferrous salt has not been oxidised there is 
good agreement between the amount of hydrogen peroxide added to the solution 
and the amount equivalent to the formic acid and ferrous salt oxidised. The 
amount of formic acid oxidised is also seen , to depend on the ratio formic 
acid/ferrous salt. 

Discussion. 


Each oxidation system which has been examined is characterised by the 
appearance of ferric iron. This may result in one of three ways: 

(1) The change of valency of the iron may be in no way related to the 
catalysis. 

(2) The actual catalyst may be a compound of bivalent iron, but the metal 
may be liberated from the catalytic reaction in the ferric form. 

\3) The production of ferric iron may be a necessary preliminary to catalysis, 
and the catalyst may be actually a derivative of ferric iron. 

The evidence is definitely in favour of the third of these possibilities. 

(1) It has been shown that when tartaric acid is added to a solution of a 
ferrous salt conta inin g hydrogen peroxide in amount more than sufficient for 
the complete oxidation of the iron, the same reaction takes place as when 
hydrogen peroxide is added to a solution of tartaric acid containing ferrous iron. 

(2) It has been shown that when hydrogen peroxide in amount more than 
sufficient to oxidise all the iron is added to a solution of Linositol containing 
ferrous iron, oxidation of the Linositol takes place. 

It is difficult to reconcile these two facts with the idea either that the 
catalyst is a ferrous iron compound liberating ferric iron after oxidation of the 
organic substance has taken place, or that oxidation and the appearance of 
ferric iron are unrelated phenomena. 

It would appear that change of valency of the iron must be regarded as a 
necessary preliminary to the oxidation of organic substances by hydrogen 
peroxide when ferrous salts act in a catalytic capacity. In such systems it seems 
therefore that the first reaction is between the ferrous iron and hydrogen 
peroxide. 

We have now to consider what further reactions are entered into by the 
ferric iron derivative, evidence for the formation of which has been reviewed 
above. At first sight it might seem as if we must assume the intervention of a 
reaction which Warburg has postulated to explain iron catalysis in the living 

cell, namely jr e + + + + A Qxys ? Fe+ + + AO 


where A is an organic oxidisable substance. 

Such a theory would require that at the end of the catalytic reaction all the 
iron should he in the ferrous state, for we can only conceive of the various 
members of the system reacting together in stoichiometrieal proportions. 
Accordingly when the last equivalent of hydrogen peroxide in the system has 
raised the iron to the ferric state the reaction between the ferric compound so 
formed and the oxidisable substance would bring about complete reduction of 

the iron. . _ _ , , 

It has been observed, however, that regeneration of ferrous iron, does not 
take place in the case of the oxidation of formic acid, that is, with a substance 


fi 1 


m 

mm 
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which on oxidation gives rise to products which are not further oxidisable (see 
Figs. 2 and 3 after 17 hours). The reduction to the ferrous state does not seem 
to be necessary for oxidation to take place. This conclusion is supported by 
further evidence. With tartaric acid systems it was shown that with subsequent 
additions of peroxide the rate of disappearance of ferric salt is greatly increased, 
apparently reaching a maximum. This cannot be explained on the basis of a 
reaction between ferric iron and tartaric acid, for with each subsequent addition 
of hydrogen peroxide the concentration of tartaric acid becomes less. If the 
reaction were between ferric iron and tartaric acid, according to the law of mass 
action, the rate of disappearance of ferric iron should decrease with each 
addition of hydrogen peroxide. The regeneration of ferrous iron must therefore 
be due to a reaction between ferric iron and a component of the system, the 
concentration of which increases with each addition of hydrogen peroxide. The 
reduction of the ferric iron must be brought about by reaction with dihydroxy- 
maleic acid, the oxidation product of tartaric acid. 

That the reduction of the ferric iron is a secondary reaction is also shown by 
the fact that in the oxidation of i-inositol and glucose the disappearance of the 
ferric iron from the system is a very slow process as compared with the dis- 
appearance of hydrogen peroxide. 

We are forced therefore to conclude that the ferric compound initially formed 
by the interaction of ferrous iron and hydrogen peroxide possesses the power of 
donating oxygen to oxidisable substances and that in this process there is no 
reversal of the initial change of valency’ of the iron. 

Discussing now the partition of hydrogen peroxide between oxidisable 
substance and iron, reference to Table VI shows that as the concentration of 
oxidisable substance initially present in the system is increased the amount of 
ferrous salt finally in the system also increases. The amount of oxidisable 
substance undergoing oxidation correspondingly increases. It has also been 
shown that irrespective of the value of the ratio' formic acid/ferrous salt all the 
iron in the system may be oxidised to the ferric state — the amount of hydrogen 
peroxide required varying directly with the ratio. If the theory of the catalytic 
function of iron presented is correct it should be possible to explain these facts 
in terms of it. 

If the first reaction in such a system gives rise to a basic ferric salt (reaction a) 
and this salt unites with hydrogen peroxide to give an unstable iron compound 
which is the actual oxidising agent, then in the reaction between oxidising agent 
and oxidisable substance the basic ferric salt would again be produced (reaction h) . 
There are then two sources of the basic ferric salt and the amount formed 
will depend on the amount of ferrous salt reacting with hydrogen peroxide and 
on the relative velocities of the reactions a and h. Any factor which would 
increase the rate of reaction b while leaving a unchanged would favour the 
production of basic ferric salt from the oxidising agent. This would then be 
available for further reaction with hydrogen peroxide. Such a factor would 
therefore tend to decrease the amount of ferrous sulphate oxidised. According 
to the law of mass action it is probable, therefore, that an increase in the com 
centration of oxidisable substance by hastening its reaction with the oxidisino- 
agent, would decrease the amount of ferrous salt undergoing oxidation. 

This agrees with the known facts. It has been shown experimentally 
that the greater the amount of oxidisable substance in the system, the smaller 
the amount of ferrous salt undergoing oxidation and the greater the amount 
of hydrogen peroxide available for the oxidation of formic acid. It should be 
noted that this theory depends on a difference of velocity between the oxida- 
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tions of Fe ++ salt and of formic acid which should be capable of experimental 
demonstration. 

There is evidence that association between oxidisable substance and catalyst 
takes place in the systems examined. It has been noted that when hydrogen 
peroxide is added to solutions of ferrous sulphate there is precipitation of a 
brown solid which is doubtless a basic ferric sulphate produced by hydrolytic 
decomposition of the first product of the reaction between ferrous iron, and 
hydrogen peroxide. This precipitation was also observed during the oxidation 
of formic acid. In the oxidation of tartaric acid, d-glucose and {-inositol no 
such precipitation was observed. Instead there was noted the reduction of the 
iron to the ferrous state, a process which in the case of d-glucose and {-inositol 
w r as found to be very slow. When we remember the susceptibility of the ferric 
derivative to hydrolytic change when no oxidisable substance is present, we 
can only assume that protection after the oxidation of organic substances is 
afforded by association with the substrate. Such association would in all 
probability be achieved through the free hydroxyl groups of the oxidisable 
substance, an assumption which might explain the precipitation observed, in the 
oxidation of formic acid. The observations reported here as evidence of association 
between catalyst and substrate would be in line with the suggestion of Kuehlin 
and Boeseken that the formation of ternary complexes is an accompaniment 
of the oxidation of organic substances by hydrogen peroxide in the presence of 
ferrous salts. It should be noted that, if such complexes are formed, the 
observations reported in this paper require that they should be capable of 
ionisation, for the thiocyanate reaction is not given by iron in a non-ionised 
association. 

In conclusion it may be noted that the oxidation of the substrate in these 
systems is hv no means quantitative with respect to the H 2 0 2 since simultaneous 
oxidation of iron takes place and there is also some catalytic decomposition of 
hydrogen peroxide. These losses may be diminished by maintaining a high ratio 
substrate/catalyst . 

A further source of loss is found in the reduction of iron in secondary reactions 
with the initial products necessitating a subsequent oxidation to the ferric state 
by further hydrogen peroxide. The method as used by Fenton, Morrell and 
Crofts, and others, depending on their own theory of the mode of the reaction, 
does not give the maximum amount of oxidation products. Oxidation is most 
favourably carried out by adding the requisite quantity of hydrogen peroxide 
to a solution of the substrate containing a trace of ferrous salt. When the 
solution gives a negative test for peroxide very little of the starting material 
remains unoxidised and the amount of secondary oxidation products is minimum. 


Summary. 

In the oxidation of organic substances by hydrogen peroxide in the presence 
of ferrous iron the first reaction is between the iron and the peroxide. 

A derivative of ferric iron is produced and this acts as an oxygen donator. 

In the reaction between this ferric derivative and the oxidisable substance 
there is no reduction of the iron. 

The reduction of the iron is a secondary process resulting from a reaction 
between oxidation products and the ferric compound liberated from the reaction 
between oxygen donator and oxidisable substance. 

There is evidence that in the catalytic oxidations considered in this paper 
there is formation of complexes of oxygen donator plus oxidisable substance. 
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This work was carried out by the late Dr Stirling during the tenure of the 
Barbour Research Scholarship in the Institute of Physiology of the University of 
Glasgow, and was the subject of a Thesis for the degree of Doctor of Philosophy. 
It was preliminary to a thorough study of the oxidation products of i-inositol, and 
it was Dr Stirling’s intention to pursue this study in the quantitative manner of 
Part II. The quantitative studies were, however, incomplete at the time of his 
death on February 12th, 1933. 

The present paper has been prepared for publication by Dr J. H. Blackwood 
An acknowledgment of the kindly assistance of Prof. E. P. Cathcart, is made 
in the Thesis. Thanks are due to the Clayton Aniline Company for the gift of 
i -inositol. ° 
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CXLVI. THE OXIDATION OF THIOSULPHATE TO 
SULPHATE BY TISSUE SLICES IN VITRO. 


By NORMAN WINGATE PIRIE. 

From the Biochemical Laboratory , Cambridge. 

(. Received May 2nd, 1934.) 

Schmiedeberg- [1867] isolated thiosulphate (as barium thiosulphate) from the 
normal urine of cats and some dogs ; this observation was confirmed by Meissner 
[1868] and by Salkowski [1886, 2] who also found it in dog faeces. Salkowski, 
like most later workers, did not isolate the thiosulphate but simply showed that 
sulphur was formed when the urine was acidified and heated. Strumpell [1876] 
found thiosulphate in the urine of a patient suffering from typhoid and Spiegel 
[1901], who suggested that it w T as a normal oxidation product of cystine in the 
body, found it in the urine of a cystinuric. Since Mester [1890] had already 
shown that thiosulphate occurred in the urine after feeding both cystinuric and 
normal men on milk of sulphur and since several workers have found it in some 
human urines, the presence of thiosulphate in the urine cannot be looked upon 
as a characteristic of any disease. 

Salkowski [1872; 1873] showed that taurine was not oxidised either to 
sulphate or to thiosulphate in the dog, the man or the rabbit when injected, 
but that it was oxidised when fed to the rabbit, and he found considerable 
quantities of both oxidation products in the urine. He suggested that the 
sulphate arose secondarily by the oxidation of the thiosulphate, for Trachtenberg 
[1861] had already demonstrated that the latter was readily oxidised when fed 
to man. Salkowski later [1876] found that isethionie acid could be oxidised to 
sulphate by rabbits whether fed or injected but that it only gave rise to thio- 
sulphate when fed. These observations were extended. by Heffter [1886] and 
Rothera [1904] who pointed out the importance of the intestinal flora in the 
production of thiosulphate. Heffter found that putrid meat led to a greater 
excretion of thiosulphate when fed to dogs than fresh meat; he also showed 
that diets rich in carbohydrate increased thiosulphate excretion and suggested 
that this was due to the increased fermentation in the gut. Some of Heffter’s 
conclusions were harshly criticised by Salkowski [1886, 1] but his main con- 
clusions have been generally accepted. 

Inspired by Morner’s demonstration that cystine occurred in proteins Blum 
[1903] fed cystine to dogs and Wohlgemuth [1904, 1] fed it to rabbits; both 
detected thiosulphate hi the urine, although Goldmann, using smaller doses, 
had earlier [1885] failed to do so. Blum however found great individual varia- 
tions between his dogs, as might be expected if the action were due to bacteria 
in the gut. He also showed that no thiosulphate was excreted when the cystine 
was given intravenously or subcutaneously. Salkowski, returning after a long 
interval to his old studies, found [1914, 1] that rabbits excreted more thio- 
sulphate in their urine when fed on cabbage than when fed on other diets; he 
later [1914, 2; 1917] showed that the substance concerned could be extracted 
from cabbage by boiling water but that if the cabbage were boiled with acid 
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before feeding no thiosulphate was found in the urine. He demonstrated, how- 
ever, that the substance was not thiosulphate itself and that it was probably 
not inorganic. 

It would seem therefore to be a reasonable assumption that thiosulphate is 
. either made by bacteria in the gut or else that it is made by the body from some 
substance that is made in the gut. 

Wohlgemuth [1904, 2] found that cystine gave rise to thiosulphate when 
incubated with putrid meat infusion and from this argued that it was formed 
during intestinal putrefaction. Neuberg and Hu bin [1914] similarly found 
that mixed putrefactive bacteria could make thiosulphate from taurine and 
chondroitinsulphuric acid. A mechanism is therefore available whereby organic 
sulphur compounds can be converted into thiosulphate but there is little reason 
to think that it is the only mechanism. Ever since its discovery it has been 
known that hydrogen sulphide is a product of protein putrefaction. Rothera 
[1904] found that it was made by Bad. coli from cystine while Alrny and James 
[1926] and Tarr [1933, 1] have followed its production by Proteus vulgaris . 
Tarr [1933,2; 1934] demonstrated that other bacteria, notably Serratia mar - 
cescens and C. sporogenese, had the same power and that sulphur compounds 
other than cystine could be broken down. The early literature of this subject 
is reviewed by Wilson [1923]. 

Hydrogen sulphide has frequently been detected in intestinal gases and this 
fact, taken in conjunction -with Mclver, Redfield and Benedict's [1926] amplifi- 
cation of Teschendorf’s [1924] demonstration that it is very readily absorbed 
from body cavities, goes to show that considerable amounts are actually formed 
in the intestine. This process has not been studied in detail, but Deganello [1931] 
has shown that there is much more hydrogen sulphide in the intestine and faeces 
of a rabbit that is fed on cabbage than in that of one fed on other diets. This, 
on the theory put forward later in this paper, is in good agreement with 
Salkowski’s [1914, 1, 2] observations. Sulphates, and so presumably other 
sulphur compounds, were shown by Zorkendorfer [1931] and Kochmann [1920] 
to be reduced when incubated with faeces, while Wilson [1923] has shown that 
Bad. typhosum and other bacteria can reduce sulphites in the same way. Many 
other bacteria are known which reduce inorganic sulphur compounds to hydrogen 
sulphide but they have been derived from sources other than the intestinal tract. 
Finally Lorant and Reimann [1930], who estimated the hydrogen sulphide con- 
tent of many samples of faeces, have claimed that it is possible to increase the 
amount of faecal sulphide- sulphur by feeding iron salts and thus, by converting 
some of the hydrogen sulphide into an insoluble form, minimising the absorption 
of it. The literature that has been cited so far shows, therefore, not only that 
thiosulphate may be formed in the gut but that hydrogen sulphide certainly is 
formed in fairly large quantities and that it is absorbed. 

The early literature of the effect of administration of hydrogen sulphide to 
animals and men has been ably summarised by Mitchell and Davenport [1924]. 
The recent work that has been done on the pharmacological action of the gas 
is not relevant from our present point of view. Flint [1887] noticed that animals 
could withstand a certain critical concentration of the gas without apparent ill 
effect and suggested that they could oxidise it to some extent. This was con- 
firmed and extended by Wilson [1894] who found that whereas 0* 1 % of hydrogen 
sulphide in the atmosphere would kill a rabbit in half an hour, 0*025 % had no 
perceptible effect; Haggard et al. [1922], using anaesthetised dogs, came to 
similar conclusions. Haggard [1921], working in vitro with dog’s blood, found 
that oxygenated blood destroyed relatively large amounts of hydrogen sulphide ; 
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he did not determine what the end-product was but concluded that it was an 
acid since the C0 2 -binding capacity of the blood was reduced. Becher [1927] 
stated that all body fluids could oxidise hydrogen sulphide to thiosulphate but 
he gave no experimental details, nor any data as to the rate at which this 
oxidation proceeded; he found that boiled blood and deproteinised blood ujpre 
inactive. While Becher’s conclusions are very plausible the absence of experi- 
mental details makes it difficult to assess their value. Sulphhaemoglobin, which 
most recent workers have found to be an artefact that does not occur in vivo , 
has been thoroughly studied by Keilin [1933], The substance previously known 
as sulphhaemoglobin he looks upon as a non-dissociable complex made from 
oxidised haemoglobin and hydrogen sulphide or an oxidation product thereof; 
a simple addition compound is however made by methaemoglobin with hydrogen 
sulphide. It is unlikely that haemoglobin itself plays any part in the oxidation 
of hydrogen sulphide by blood. Denis and Reed [1927] found that sodium 
sulphide, when injected into an anaesthetised dog in lethal or nearly lethal 
doses, led to an increase in the inorganic sulphate of the serum. This increase, 
as might be expected, was larger when the kidneys were ligatured but was 
always small. 

The oxidation of thiosulphate to sulphate when fed to normal men was 
studied by Trachtenberg [1861] and Nyiri [1923, 1]; they found that a 10 g. 
dose could be almost completely oxidised and that only about 5 % was excreted 
unchanged. Nyiri [1923, 2] used the excretion of unchanged thiosulphate after 
its intravenous injection as an index of kidney function, for he concluded that 
whereas normally 30-40 % was excreted unchanged, damaged kidneys excreted 
0-23 %; he estimated the thiosulphate iodimetricaily after treating the urine 
with animal charcoal. Holboll [1925] criticised this method and pointed out 
that sometimes little or no thiosulphate was excreted by people with perfectly 
normal kidneys. Bacterial contamination of the urine was one cause of this 
but a more interesting one was increased basal metabolic rate. Holboll gives 
figures for the excretion by patients with Graves 5 disease and other metabolic 
disturbances or febrile conditions. Hoppener [1864] had previously found that 
less thiosulphate was excreted in the urine when a dose was fed during periods 
of fever or exercise than during periods of rest. The interpretation of the results 
obtained by the injection of thiosulphate is therefore difficult and the fact that, 
as will be shown in this paper, the oxidation can take place in both liver and 
kidney complicates the position still further. 

A study of the processes involved in the oxidation of thiosulphate in the 
body is of importance, not because there is any reason to suppose that thio- 
sulphate is a normal intermediate in the breakdown of the sulphur- containing 
constituents of food, such as methionine and cystine, in the body, but rather 
because it is an instance of the body’s capacity to protect itself from poisoning 
by the products of intestinal putrefaction and because it is the first process of 
this sort that has been studied in vitro. The extent to which sulphur compounds 
are broken down to thiosulphate or hydrogen sulphide in the gut is not as yet 
known, but the fact that, in spite of its ready oxidisabilitv, thiosulphate is. fre- 
quently found in the urine makes it probable that this process accounts for a 
considerable fraction of the sulphur metabolism of the animal. This type of 
metabolism should be especially prominent with a very luxuriant intestinal 
, flora, and it is significant that the rabbit has been found to excrete extra 
sulphate in its urine after the feeding of a much larger group of sulphur 
compounds than is effective in this way with the dog [Sherwin et aL, 1927 ; 
Pirie, 1932]. 

68 — 2 
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Experimental. 


The technique used in the series of experiments already published [Pirie, 
1934] has been altered in several respects in this series of experiments. It is 
unnecessary, when studying the oxidation of thiosulphate, to cut the tissue slices 
as thin as Warburg recommends, for there is no detectable difference in the 
amount of sulphate formed per mg. dry weight of tissue when the slices are cut 
as thinly as possible and when relatively coarse (0-5-0-7 mm.) slices are used. 
It is unnecessary also to use the complicated Ringer solution used by Krebs 
[1932], for this oxidation takes place as readily in a mixture of isotonic sodium 
chloride solution and isotonic sodium bicarbonate of the correct p K . The p u 
generally used was 7*6 but, as will be shown later, this need not be adhered to 
closely. 

The method used for the estimation of sulphate is still somewhat unsatis- 
factory. In my previous paper the method of Cuthbertson and Tompsett [1931] 
was modified, and the precipitate of benzidine sulphate was washed on a filter 
instead of on the centrifuge. This change was made because of the difficulty 
experienced in making a small pellet of benzidine sulphate adhere to the end 
of a centrifuge-tube. This difficulty has now been overcome by the use of a 
faster centrifuge (3500 R.p.m.) and by washing the precipitate with 80 % acetone 
instead of with absolute acetone. In some recent experiments a relatively lar^e 
amount of cystine and of certain tissue extractives has been precipitated along 
with the benzidine sulphate; this precipitate is very readily washed free from 
absorbed benzidine on the centrifuge but less easily on a filter. In the method 
of estimation used at present the technique of precipitating the benzidine 
sulphate and of estimating the benzidine colorimetrically is that described 
before, while the method of washing is that of Cuthbertson and Tompsett. 

_ a thiosulphate that is similar in many respects to its sulphate 

[ Wahl 1902]. This precipitates when there is more than 0*7 mg. of sodium 
thiosulphate in the 2 ml. sample on which sulphate is estimated. The thio- 
sulphate is however much more soluble in 80 % acetone than benzidine sulphate 
and so is dissolved during the washing. The concentration of sodium thiosulphate 
may therefore be raised to 1 or 1*5 mg. in the 2 ml. sample without affecting 
the sulphate estimations. It is well known that thiosulphates are not stable in 
acid solution but break down to give free sulphur and a not very clearly defined 
group of sulphur acids; fortunately these breakdown products do not appear 
to precipitate with benzidine in dilute solution. Sulphate can therefore be 
estimated m the usual way in a solution from which the protein has been re- 
moved with trichloroacetic acid. The sulphite that is formed during the acid 
decomposition of thiosulphate is fairly rapidly oxidised to sulphate. The sulphate 
values will therefore be too high unless the estimations are started not more 
than half an hour after the removal of the protein. It would appear that there 
is no oxidation after the addition of the acetone and benzidine, for the same 
sulphate figures are obtained whether the estimations are left at this stage for 
2 or 20 hours. 


Oxidation of thiosulphate by rat tissues. 


Some experiments on the oxidation of sodium thiosulphate by slices of rat 
tissue are collected m Table I a. Only liver, kidney and chorion have been found 
to bring about the oxidation rapidly under the conditions used, and the first is 
the most active. Bram, testis, spleen, blood, muscle (diaphragm) and placenta 
are inactive or only very feebly active. The livers used in Exps. 95 and 12 
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(Table I a) were from foetal rats about 2 and 5 days from term respectively. 1 J 

Clearly, foetal liver is active but less so than adult liver. It is obvious from I 

Table I a that liver varies markedly in activity, and so far it has not proved • 1 

possible to correlate this variation with differences in age, sex etc. in the rats. 1 

The effect of inhibitors on this oxidation has not yet been studied in any 1 

detail, but the effect of a number of physical agents is recorded in the hope that at | 

a later stage it may lead to an understanding of the mechanism of this oxidation. ! 1 

Heating for 10 minutes to 60° inactivates the slices completely, and slices | 

that have been kept at 0° for more than 2 days are inactive. These facts, taken a 

in conjunction with the inactivity of organs other than liver and kidney, tend | 

to confirm the theory that we have here to do with a real enzyme action and l 

not simply with a catalytic oxidation. The enzyme system responsible for this 1 

oxidation is more stable than that concerned in the oxidation of cysteine to 1 

sulphate. Liver, for example, whether whole or sliced, will keep its activity J 

almost unimpaired for 8-10 hours if kept cold, and the same slices which have 1 

already been used in one oxidation experiment lasting 4 hours may be used g 

over again and show only a partial falling off in their activity. The liver used ; | 

in Exp. 85 (Table I a) is a case in point for it had already been shaken for 1 

4 hours at 37° with thiosulphate before Exp. 85 was put up. 1 

A further instance of the relative stability of this system is given by its 
behaviour towards hypotonic solutions. Table 16 illustrates this, for slices of the 1 

same organ are put up at the same and for the same time but with the 

sodium chloride solution replaced by distilled water in some cases so that in § 

these cases the tissue is suspended in a fluid with only one-sixth the normal . 

osmotic pressure. In Exp. 75 both the oxidations were carried out under isotonic 
conditions but the slices used in the one marked '‘hypotonic” had been left 

with occasional shaking in distilled water for 3 hours before use. If a large | 

volume of cold water is used and it is changed frequently the inactivation is . | 

greater. For example, the 60 mg. dry weight of slices used in Exp. 19 were | 

washed for an hour with 250 ml. of ice-cold distilled water; after a second and 

a third washing with fresh cold water the activity was found to be only one-third I 

of that of the untreated slices. Exposure to hypertonic solutions, e.g. 9*0 % ; 1 

sodium chloride solution, causes at 0° a rapid diminution in the activity of liver j | 

slices. The dry weights of tissue slices that have been shaken isotonieally and 

hypotonic-ally are not strictly comparable, for in the former case the wet weight I 

is about 8*3 times the dry wiiereas in the latter it is about 10 times but variable. I 

This difference in the amount of material soluble under the two conditions also 

shov T s up as a marked increase in the amount of material precipitable by tri- | 

chloroacetic acid in the hypotonic fluid. Measurements of the dry weight of j 

liver are also more or less invalid in all experiments done at a greater than 8 1 

or for periods longer than 2 hours. In spite of its apparent stability all attempts | 

to make a preparation of this enzyme have so far been unsuccessful. Fine I 

mincing of the liver causes a marked fall in the activity, as does freezing, while I 

thorough grinding with sand leads to an almost complete loss of activity.^ It I 

seems, therefore, that any damage to the cell structure leads to partial inactiva- I 

tion, and this is borne out by the fact that treatment with toluene or chloroform 1 

reduces markedly the capacity of liver to perform this oxidation. Mere subjection | 

of the slices to high pressure on the other hand has little effect, and a sample jj 

that had been exposed to a pressure of 40 atmospheres of nitrogen for 90 minutes 
had Q 4*4 whereas the control Q was 5*9. . 

The kinetics of the oxidation of thiosulphate by rat-liver have been studied j 

in some detail, Exps. 62 and 73 in Table In show that, as might be expected, | 
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the amount of sulphate formed is proportional to the time of action and to the 
amount of liver present. This regularity justifies the introduction of the symbol Q 
to indicate thousandths of a mg. of sulphur appearing in the form of sulphate 
per hour per mg dry weight of tissue. Since Q varies with the concentration of 
substrate as well as with the nature of the substrate it is necessary to introduce 
a sums to represent the concentration (expressed in thousandths of a mg. of 
sulphur per ml.) and nature of the substrate. The symbol for the conditions 
mos commonly used m this paper, i.e. 3-5 mg. of hydrated sodium thiosulphate 
m 8 ml. of solution, is therefore Q 112 t ht 0 . 


m 




Exp. 

No. 

62 


73 


85 

90 

95 

12 

97 

63 

85 

12 

15 


62 


75 


84 

85 


90 


94 

19 


Wt. of thio- 
sulphate 
in 8 ml. 
(mg.) 

3-7 

3-7 

3-7 

4*1 

4*1 

4*1 

3*5 

3*5 

3*5 

3*5 

3*5 

3*5 

3*7 

3*5 

3*5 

3*5 


Table I a. 


Dry wt. of 
tissue 
(^g-) 

Time of 
action 
min. 

Wt. of 
sulphur 
oxidised to 
sulphate 
(y) 

Q 

101 liver 

30 

140 

2*7 

107 

60 

275 

2*6 

83 

120 

420 

2*5 

10 

120 

55 

2*7 

26 

120 

100 

1*9 

53 

120 

225 

2*2 

100 (old) 

120 

265 

1*3 

33 

64 

130 

3*7 

23) foetal 

120 

73 

1*6 

35 f liver 

120 

72 

' 1-0 

52 

60 

185 

3*5 

73 

60 

225 

3*1 

82 kidney 

120 

245 

1*5 

40 kidney 

120 

200 

2*5 

20 chorion 

113 

78 

2*1 

17 chorion 

90 

64 

2*5 


Table I b. 


3*7 

Isotonic 83 liver 
Hypotonic 63 

3*3 

Isotonic 45 
Hypotonic 76 

3*5 

Isotonic 47 
Hypotonic 43 

3*5 

Isotonic 40 kidney 
Hypotonic 25 

3*5 

Isotonic 33 liver 
Hypotonic 35 

3*5 

Isotonic 56 
Hypotonic 56 

3*5 

Isotonic 45 

3*5 

Hypotonic 60 


120 

420 

2*5 


400 

3*2 

120 

175 

2*0 


200. 

1*3 

120 

225 

2*3 

„ • 

166 

1*9 

120 

200 

2*5 

if 

105 

2*1 

60 

130 

3*7 

,, 

145 

4*1 

60 

180 

3*2 

» 

120 

2*1 

60 

270 

6*0 

if 

114 

1*9 


Table I c. 
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The effect of changes in the concentration of thiosulphate is rather less 
simple, for the amount of sulphate formed is not quite doubled when the thio- 
sulphate concentration is doubled. This is shown in Table I c. It is clear from 
this table that in any experiment in which much of the ' thiosulphate initially 
present has been oxidised the Q value will be smaller than it should be on 
account of the fall in substrate concentration. For this reason and also on 
account of the progressive inactivation of slices at 37° it is advisable to calculate 
Q values from short (1 hour) experiments. 

At values between 7*3 and 8 the rate of formation of sulphate is approxi- 
mately constant but it falls off suddenly on either side of this range. On the 
acid side this diminution in activity is complicated by the spontaneous oxidation 
of the thiosulphate at a slow rate in even weakly acid solution. Two typical 
experiments on rat-liver are recorded in Table II in one of which only the 


P H 

Wt. of thio 
■ sulphate 
(mg.) 

Dry wt. of 
rat-liver 
(mg.) 

Time 

mins. 

Wt. of sulphur 
oxidised to 
sulphate 

(y) 


6*7 

3*5 

72 

60 

120 

1*6 (1*8) 

7-0 


69 


120 

1*7 (2*6) 

7*3 


65 

u 

190 

2*9 (2*9) 

7-6 


73 


225 

3*1, (3*0) 

7*9 


62 

,, 

230 

3*7 (3*1) 

8*2 


(51) 


185 

— 

6-6 

3*5 

Guinea-pig- 

kidney 

66 

' 60 

75 

0*8 

6*8 


61 


72 

0*9 

7*1 


95 

,, 

105 

0*8 

7*7 


79 

99 

148 

1 *4 

1*8 

8*0 


57 

99 

140 

8*3 

99 

(43) 

99 

75 

1 — " 


Q values are given. The was controlled by varying the ratio of isotonic 
sodium bicarbonate to isotonic sodium chloride and, in the case of the more 
alkaline solutions, by using 97-5 % oxygen and 2*5 % carbon dioxide in place 
of the usual 95 % oxygen and 5 % carbon dioxide mixture. 

In a few experiments the amount of thiosulphate disappearing was measured 
as well as the amount of sulphate formed. As can be seen in Table HI the 


Table III. 


Wt. of thio- 



Sulphur in 

Sulphur in 

sulphate 

Dry wt. of 

Time of 

thiosulphate 

sulphate 

in 8 ml. 

rat-liver 

action 

oxidised 

formed 

(mg.) 

(mg.) 

(mins.) 

M 

(y) 

3*5 

71 

240 

520 

430 


60 

120 

248 

230 

59 

56 

60 

146 

180 

55 

50* 

60 

180 

170 

99 

56t 

60 

130 

120 


* Slices cut very thinly. 


t Hypotonic, 


agreement is reasonably good. The thiosulphate was estimated by iemo\ing the 
protein from a sample of the reaction mixture with zinc sulphate and sodium, 
hydroxide as in the blood-sugar method of Hagedom and Jensen. An excess 
of an acid solution of iodine in potassium iodide was then added and the excess 
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titrateci with standard thiosulphate solution. Tissue extractives such as gluta- 
thione will of course interfere, but under the aerobic conditions used hi the t 

ca^t h^f. SUCh T-ff! an ? S Wl11 be lar ° el y in tIie oxidised state, and in any 
the f + « ( l uan ^ a J ;ive ty insignificant. A more serious error is caused bv 
the fact that only one-third or one-fourth of the thiosulphate is oxidised in most 

in P f T- ? tS ] ^ ° ne 1 , s . ther ® fore measuring, rather inexactly, a small change 
nrob/wS ^quantity. It is clear from Table III that; allowing for the 
p e enors, there is no evidence for the existence, under these conditions 
of any- process leading to the destruction of appreciable amounts of thiosulphate’ 

possible rdleofth^bestl SU ^ pbate .' , Tb .^ s demonstration raises the question of the 
teWinnlt « b k rr OX * datlon P roduct of thiosulphate, namely, sodium 
tetrathionate in this oxidation. Sodium tetrathionate was prepared in the usua 

way by pouring a strong aqueous solution of sodium tHosulphate foto an 

with a cohol Sr 10dme - The Precipitated tetrathionate was washed well 
’ ^ Up m Water and P reci Pitated again with alcohol; it had the 

Ofod edto T p w C r tent r ** Table IVfl sh ows, s °dmm tetrathionate is 
oxidised to sulphate by rat-hver and kidney but at a very much slower rate 

onsiderxog the amount of sulphur that is present in 1 ml. of solution than 
+1 1U f 1 . ®- e> $ii3tetra is 1-4—3-2 whereas Qimbio is 2-5-5-9.’ It is 

sufohafo 6 ^ 1 ^] 6 / * hat ^tetrathionate is an intermediate in the oxidation of thio- 
sulphate to sulphate. It is possible that oxidation to sulphate is preceded bv a 
“ to thiosulphate. I showed in the^rher pape^ 

cystine but sol^T re ? Uetl0n pla ° 6 “ the case of the oxidation of 
uSKr +w f t 1 b j Ve . been y mable t0 demonstrate it in this case. It is 
uniikeh that such a reduction takes place for the ratin n m 
be constant r \ f 101 tlle ratio ^two/wetra appears to 

fo rr nt ? pte of tlle treatment that the shoes of liver have undergone 

S ^ ,o L°, J 8 *’”? °f‘ r h “ d - “ tl»t the 

shoes to reduce cystine to cysteine was strictly limited and that this limited 

tL?idplia C te 0! “unlike P cvt e '- ^ ^F * i° f °° UrSe n0t wh °Uy satisfactory, since 
losuipiiate, unlike cysteine, cannot undergo aerobic re-oxidation and so it 

3 b( V !? eCt ? d tbat * would ^ easier for the liver to 

sodium 0p * he , leduce d substance. When incubated anaerobically with liver slices 

Sate Some Wh FV™ t0 a PPreciabIe amount of thfosu - 

hi Table IV 6 fu r be e X p enment ll ust ting thig type of oxidation are iven 

97. fo 9 5 yr? ^ for an Il0ur and were carried out in 

already been used S i n ^ T 111 Ex P s - c and d are those that had 

Clearly the O tn r 1 ® ° S6 “ 6 and ^ had aIread y been used in h. 

tn tl£ !, ^ioMetra ratio is approximately constant, and previous exposure 

^ "ne oti ^; ■ to no f/T » f ““‘J- Kto. 

so rapid lv n„w y aci ds have not been tried, and sodium sulphite is 

ttchfoq'ue.^ 8116 ’ that a StUdy 

rssHSS 

ff X : ageing process accelerated by the higher temoeraturp J] 

ipnate toimation. The results recorded in Table IV c are strongly 




Table IV a. 


Wt. of Dry wt. of 
tetrathionate tissue 


(mg.) 

2*4 

2*4 

2*4 

2*4 

2*4 

2*7 

5*4 

1*3 

2*7 (hypotonic) 


(mg.) 

56 liver 

45 liver heated to 70° 

42 kidney 
28 kidney heated 
No tissue 

42 liver 

40 

41 

43 


Time of 
action 
(mins.) 

120 


Wt. of 
sulphur 
oxidised to 
sulphate 

(y) 

16.5 


3 

2*4 


91 

liver 



60 

160 

1*8 

4 

2*4 


37 

liver 



60 

45 

1*2 





Table 

IV 

b. 




la 

3*5 

thio. 

53 

liver 



60 

315 

5*9 

h 

2*4 

tetra. 

57 

liver 




185 

3*2 

c 

3*5 

thio. 

24 

liver 



„ 

73 

3*0 

d 

2*4 

tetra. 

29 

liver 



■ » 

45 

1*5 

e 

3*5 

thio. 

22 

liver 




75 

3*2 

f 

2*4 

tetra. 

35 

liver 



” 

55 

1*6 





Table 

IV 

c. 




11 a 

3*5 

thio. 

43 

liver 



60 

240 

5*6 

h 

3*5 


43 




120 

400 

4*7 

'c 

3*5 


43 




60 

185 

4*3 

d 

3*5 


37 




,, 

160 

4*3 


3*5 


29 





115 

4*0 

f 

g 

3*5 

3*5 


45 

28 




75 

?!* 

120 

55 

2*1 

1*6 

12 a 
b 

3*5 

3*5 


59 

52 




60 

95 

, 102 

1*6 

2*0 


in favour of the first theory. Exps. a and b were carried out in the usual way 
for periods of 1 and 2 hours respectively. Exp. c is a 1 hour experiment on the 
slices that had already been used in Exp. a. This gives <3 = 4-3 instead of the 
initial 5-6. The Q values found in Exps. d and e should be compared with this 
value for hi each case the slices underwent a preliminary shaking for one hour 
in thiosulphate-free bicarbonate-saline. After this, thiosulphate was added to 
the one ( cl ) while the slices were removed from the other, rinsed and added to 
fresh solution containing thiosulphate. Clearly the values of Q in Exps. c, d and e 
are very similar; this shows that the presence of thiosulphate leads to no 
increase in the rate of disappearance of essential metabolites, for if it did Q in 
Exp. c would be smaller than in Exps. d or e. Similarly there is little loss by 
diffusion for if there were e should be smaller than d. Exps. / and gr were carried 
out in the same way but with 2 hours’ preliminary shaking at 37°. In Exp. / 
the oxidation was carried out in the fluid in which the slices had previouslj 
been shaken for 90 minutes, while in g fresh fluid was used. The difference, 
though definite, is small enough to indicate that this is not an important cause 
of loss of activity. If a gas mixture consisting of 95 % N a and 5 % C0 2 is used 
for the preliminary shaking, it is found that the slices are completely inactivated 
in an hour whether thiosulphate is present or not. Anaerobic incubation for 
half an hour causes nearly complete inactivation. Other oxidising systems are 
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already known which are stable only in the presence of oxygen but this one k 
SinC6 ’ aS WiU be shora later > ^e oxidation of thiosulphate 
account^o^this^n a eK T ea :? m the 0Xygen eonsum ption of the slice S P On 

presence of V ^' 4000 ^^ 1S n ° anaerobic formation of sulphate. The 

presence of if/4000 methylene blue and M/200 nitrate leads neither to ti>I 

?tTt dU n tl0 fi,° f saIphate > though the methylene blue is kept in the oxidised 
Sl i ??^ mtr ‘ te -” !dU ' inS ^ in the “ver. nor «o £ SoriL in S 
SSSf 7 f the ? Zyme ®y stem - Methylene blue and nitrate, whether sincdv or 
together, have also no effect on the aerobic sulphate production! § 7 

Manometric experiments with rat-liver. 

In collaboration with Dr H. A. Krebs of this laboratory some experiments 

£ sSr on <* es 

. e have led to tb e unexpected result that, under conditions where 

of the toteSn ann r m Sf f ° - m ° f Sulphate at a rate corresponding to one-third 
Tflhlo v ta - P , 1 f atl ° n ’ , there ls no apparent increase in the oxygen consumption 
Tnble V gm» the results of one such experiment. The fluid used wls Ei^er 


Wt. of 
tissue 
(mg.) 
7-9 
9-7 
16*1 
7*9 


Wt. of 
thiosulphate 
in 3 ml. 
Ringer 
(mg.) 

1*3 

1*3 

None 

None 


Wt. of 
sulphur 
oxidised 
to S0 4 
per hour 
(y) 

27 

31 


Table V. 


$thio 

3*4 

3*2 


Oxygen 
equivalent of 
this sulphur 
reduced to 
40 mins, 
(gl.) 

15*7 

18*0 


Oxygen 
consumption 
in 40 mins, 
(observed) 
(/A.) 

44*7 

56 

95 

45*5 


Go, 

8-5 

S*7 

8*85 

8*6 


n made u P. accordin g to Krebs [1932] but with magnesium sulphate re 

£io« by s ra uT^xt' o^i<ie, t* " th 

with pure oxygen and asl “ table Ph w hen used in conjunction 

were done Xl! ! a side-bulb to absorb C0 2 . Sulphate estimations 

calculated on the ,^ actl0 ” fluid m the usual way and the oxygen equivalent is 
calculated on the basis of o oxygen atoms to 2 atoms of sulphur as reouired Iw 

¥ 2/3 S ““ “* -wnltblrr s 

for an hour Themn^l^ 2“ Was m , contact with thiosulphate at 37° 
shows that no extm n m t le 7 a Ues , ®o 2 in the four experiments recorded 
the SiSuUate ° Xygen ° an W b6en taken up d -4 the oxidation of 

Oxidation by the tissues of other animals. 

to ^vfthe'resuiTn Ltr^dTh^ 6 ° ther animak is unnecessary 
° 6 lesults 111 detajl and the Q values only are recorded. 


Ox-kidney (2-3 hours after slaughter) 

Rabbit-liver... 7 

Rabbi t -kidney 

Guinea-pig-kidney *’ 

Pig-liver (2-3 hours after slaughter) 
-Dog -kidney (after chloroform) 
Dog-liver (after chloroform) 


Q 
1-3 
1*3 
0*65 
1* 1—2*7 
1*0 
0*6 
0-8 


Km £ 
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guinea-pig-kidney is recorded in Table II whence it is clear that the enzyme 
system found there is, from this point of view, similar to that found hi rat-liver. 
The other tissues have not been studied further. 

Oxidation by goose-kidney . 

_ Goose-kidney resembles rat-liver closely in its ability to oxidise thiosulphate 
to sulphate. The results of a few experiments are given in Table VI ; these were 


Table VI. 






Wt. of 




Wt. of 


sulphur 



Wt. of 

goose- 

Time of 

oxidised 


Exp. 

thiosulphate 

kidney 

action 

to SO.j 


No. 

(mg-) 

(mg.) 

(mins.) 

(r) 

Q 

78 

4-0 

90 

120 

650 

3-6 

79 

4-0 

55 

120 

360 

3*3 


4*0 

25 

120 

160 

3*2 


2-4 

68 

120 

280 

2*1 


1*2 

70 

120 

180 

1*3 

88 p H &7 

3*5 

72 

120 

385 

2*8 

Ph ™ 

3*5 

46 

120 

300 

3*3 

Ph 7 * 7 

3*5 

65 

120 

410 

3*2 

Ph 8 *° 

3*5 

54 

120 

380 

3*5 


carried out in the usual way at p H 7-6 but using a mixture of 1*2 % sodium 
bicarbonate and IT % sodium chloride as the reaction fluid. As with rat organs 
no sulphate is made by slices that have been heated to 60° nor if the slices are 
shaken with thiosulphate anaerobically. Freezing and grinding cause a very 
marked diminution in the activity while the effect of treatment with distilled 
water is definite though less marked. 

Goose-kidney also resembles rat-liver and kidney in its ability to oxidise 
cysteine and methionine to sulphate; this oxidation will be described in a later 
paper. 

Discussion. 

Although the oxidation of thiosulphate by bacteria was first observed many 
years ago the mechanism of the process is still obscure. Several species of 
bacteria are known which have this power. Lieske [1912] and Guittonneau 
[1925, 1, 2] have isolated such organisms from pond mud and soil but they did 
not study the oxidation in any detail. Nathanssohn [ 1902 ] and Trautwein [1921 , 
1924] have studied similar bacteria and find that the oxidation proceeds through 
tetrathionate and dithionate. Beijerinck [ 1904 ], on the other hand, working 
with Thiobacillus thiopams , found that tetrathionate was less readily oxidised 
than thiosulphate. The behaviour of this organism is therefore analogous to 
that of liver. A comparative study of the properties and stability of the enzyme 
systems derived from these bacteria and from liver would be very interesting. 

Thiosulphate can scarcely be oxidised directfy, for in that case 5 atoms of 
oxygen would have to be present simultaneously for the oxidation of one 
molecule of thiosulphate ; furthermore, if the oxidation were direct it would be 
hard to see why it should cause no increase in the oxygen consumption of liver 
slices. The irreversible inactivation of liver slices on exposure to nitrogen is 
especially interesting in this connection. It is known that the respiiation of 
cells is, in general, irreversibly inhibited by anaerobic incubation and W ai bin g 
et al. [1926] have found that even tumour tissue will not respire after 4 hours 
without oxygen or glucose. These facts suggest that the oxidation of thiosulphate 
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iSi'SrS’"* P ?“ U ° l8 do ® Ir oxidation processes 

r sr vaW 

reactivate liver that has Wn ... 7, . oxiaatl0n - Ali attempts to 

successful but further work on this problem is in progrfss^^ “ ** ^ ^ 

Summary. 

sulphate to"4SZ “ ,I Cb0ti °"’ “ d 8°o«-M.it:y, cm oxidise sodium thio. 

oous’umpSwa” taTsZTS t ■/ m I “ r ‘” plibl ? ta “» «yg« 

oxidised - tat ~ “ ■**« 

of some physLuventitn th/f^ 7 ^ ?® ? CeS ° n keepin S and the effects 
Tim i K . , ' en zyme system have been investigated 

1* aedve tot"Sf™,r e ^ ^ tes “ »» d >»» d to 
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I. INFLUENCE OF THE RATION ON THE 
YELLOW COLOUR OF THE BUTTER. 

Under the normal system of feeding dairy cows in winter in this country a 
most noticeable feature is the pale colour of the milk, a fact greatly emphasised 
m the butter made from it. The intensity of the yellow colour of the milk fat 
is positively correlated [Watson et al., 1933] with the carotene content of the 

foodstuff^ , a S w Vltamm , A intent. The inclusion in the ration of some 

foodstuff capable of increasing the yellow colour of the milk fat is therefore of 
considerable importance. The oil cakes and cereals hi common use are incaDable 
of bringing about this result, for which the use of some foodstuff rich in carotene 

oVrbcirtrlnr^° - t lemSeh T S may be USed ’ but there are difficulties in the way 
then adoption m general practice. In one ease examined the mill- 0 f the 

herd produced a butter with a total yellow colour of 3-2 Lovibond units 1 which 
was raised to 7-2 units by feeding about 10 lb. of carrots per head dffilv. 

In an expenment carried out in the winter of 1931-32 [Watson et al l<mi 
and a!so reported in this Journal [Gillam « al, 1933], it las sToto ttt 35? 

ciaUy dried glass was a useful foodstuff in this regard when it formed 75 °/ 
of the totai concentrated foodstuffs fed. This work has been extended in 1931-33 
to test the value of different methods of conservation of pasture grass and their 
effect, m the ration, on the colour of butter. 1 g aSS and tileu 

1 cl toknt7oftte U L iS Tt “ aU CaS6S aS the Lovibond yellow units corresponding to a 
petroleum, the actual reading ^ thT6e timeS T ° lume ° f Ught 


Yellow units 
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In the first experiment four groups of Shorthorn cows were used. All groups 
received a basal ration of hay and roots. Group 13 1 acted as control and re- 
ceived a normal winter ration of concentrated foodstuffs, balanced for milk 
production, at the rate of 3-| lb. per gallon of milk produced. Groups El, E2 
and E3 received 10 % , 25 % and 50 % respectively of their concentrate ration 
in the form of artificially dried grass, the mixture being so adjusted that the 
same amounts of nutrients (starch equivalent and protein equivalent) were fed 
per gallon of milk to all four groups. The values obtained for the total yellow 
colour of the butter are given in Table I, and are shown in Fig. 1. 

Table I. Total yellow colour of the butter from groups of Shorthorn cows on a normal 
winter ration , and on rations containing varying amounts of artificially dried 
grass. 

Stated as Lovibond units. 


D 1 

Control 


dried 


dried 


Week ending 
17. xi. 32* 
15. xii. 32 
29. xii. 32 
23. i. 33 
13. ii. 33 


grass) 


27. iii. 33 5-2 6*0 5*2 9d> 

Averages 5*7 7*1 6*9 10*3 

* All four groups on control ration. 

The total yellow colour of the butter has not been markedly affected by the 
inclusion of 10 and 25 % of artificially dried grass in the concentrate ration, 
but the group receiving 50 % of its concentrates in the form of tills material 
shows a much greater improvement in this respect. 


In the next experiment four pairs of cows were selected from the Shorthorn 
herd. One of these (group D 1 supra) received an ordinary winter ration of hay, 
roots and concentrates, group D2 had a part of these replaced by 401b. of 
A.I.V. fodder, D3 by 70 lb. of A.I.V. fodder, whilst D4 received no purchased 
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foodstuffs but only A.I.V. fodder, hay and artificially dried grass, all four rations 
being of equivalent nutritive value (starch equivalent and protein equivalent). 

A.I.V. fodder is produced by a modification of the ensilage process in which 
a forage crop — grass in this case — is treated with a dilute solution of mineral 
acids in such amounts that an acidity ofp H 3-4 is developed in the mass, which 
is ^stored in a suitable container to which the free access of air is prevented 
[Virtanen, 1933]. The temperature of the mass does not rise appreciably, and 
the carotene content of the green crop is retained in a large measure, whereas 
in the case of the warm fermentation process of ensilage, in which the tem- 
perature rises to the neighbourhood of 50°, most of the pigment is destroyed. 

The test continued throughout the winter and the results are given in 
Table II in terms of the total yellow colours of the butters made from the milk. 

Table II. Total yellow colour of the butter from, groups of Shorthorn cows on a 
normal winter ration, and on rations containing varying amounts of A.I.V. 
fodder. 

Stated as Lovibond units. 


Week endin: 

D I 

D 2 

D3 

D 4 

(70 lb. A.I.V. 

g Control 

(40 lb. A.I.V.) 

(70 lb. A.I.V.) 

+ dried grass) 

17. si. 32* 

6*8 

8*0 

5*6 

6*4 

15. xii. 32 

7*2 

13*2 

12*4 

13*2 

29. xii. 32 

6*8 

14-S 

14*0 

14*0 

23. i. 33 

6*0 

12*8 

11*6 

13*2 

12*8 

13. ii. 33 

4*4 

12*8 

11*6 

2. iii. 33 

4*8 

10*8 

10*0 

12*8 

27. iii. 33 

5*2 

9*6 

9*6 

8*8 

ll.iv.33 

6*0 

12-8 

13*2 

10*0 


Averages 5*8 

12*4 

11*8 

12*1 


* All four groups on control ration. 



These results are also shown graphically in Pig. 2. The control group Dl 
produced butters which were pale in colour until the cows were turned out to 
pasture in April, when the colour value began to rise. The feeding of 40 lb. of 
A.I.V. fodder greatly increased the total yellow colour of the butter, whilst the 
701b. of A.I.V. fodder were of equal value in this regard, but no better than 
40 lb. Group D4 (A.I.V. fodder, artificially dried grass and hay only) showed 
no further advantage over the other two experimental groups. The rise in colour 
in April coincided with the advent of fresh grass. 

Table III. Carotene contents of A. I. V. fodder and artificially dried grass. 

Stated as mg./lOO g. of the dry weight. 


Bate 

A.I.V. 

fodder 

Bate 

Artificially 
dried grass 

23. xi. 32 

52*2 

6. 

xii. 32 

47*9 

13. xii. 32 

33*9 

20. 

xii. 32 

38*0 

11. i. 33 

44*1 

28. 

xii. 32 

35*9 

35*2 

24. i. 33 

38*1 

11. 

i. 33 

28. ii. 33 

47*2 

26. 

. i. 33 

40*1 

21. iii. 33 

40*8 

6. 

ii. 33 

34*4 

— 

— 

10. 

ii. 33 

46*9 

— 

— 

16. 

ii. 33 

36*0 

— 

— 

24. 

ii. 33 

26*6 

— 

— 

3. 

iii. 33 

26*7 


— 

10. 

iii. 33 

28*4 

— * 

— 

16. 

iii. 33 

34*5 


Average 42*7 


Average 35*9 
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The comparative effects of the rations of dried grass and of A.I.V. fodder in 
these experiments are shown in Fig. 3, where the group receiving 50 % of its 
concentrate ration as dried grass (E3) is compared with that receiving 401b. 
of A.I.V. fodder (D2) and with the control group (Dl) in all of which the total 
nutrient values (s.e. and p.e.) of the rations were equal. The A.I.V. fodder 
has been more effective, but throughout the trial the cows on this diet were 
receiving a greater amount of dry matter and of carotene daily in the form of 
A.I.V. fodder than was fed in the form of artificially dried grass. The A.I.V. 
fodder supplied on the average 10 lb. of dry matter per head daily, whereas 
the dried grass supplied about 6 lb. 

The carotene contents of the two foodstuffs were determined at intervals 
and the results are given in Table III. 

In another experiment four pairs of Ayrshire cows were used (FI to F4). 
The control group F4 received a normal winter ration similar to that fed. to 
group Dl of the Shorthorns. To groups FI and F3 were fed 401b. per head 
daily of A.I.V. fodder made with different acid mixtures, whilst group F2 re- 
ceived 40 lb. per head daily of a fodder made by the addition of a weaker acid 
mixture, sufficient to raise the acidity of the mass only to p H 4*5, together with 
some molasses to stimulate a lactic acid fermentation. 


A.I.V. fodder 


I 15/12 29/12 23/1 13/2 2/3 27/3 11/4 17/11 15/12 29/12 23/1 13/2 2/3 

Fig. 3. Fig. 4, 

The results of this experiment are given in Table IV in terms of the total 
yellow colour of the butters. 

Table IV. Total yellow colour of the butter from groups of Ayrshire cows on a 
normal winter ration and o?i rations containing different types of acid-treated 
green fodder. F1 F2 F3 

(A.I.V. fodder (Acid + molasses (A.I.V. fodder F 4 

Week ending No. 1) fodder) No. 2) Control 


27. iii. 33 
Averages 


* All four groups on control ration. 
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Tlie values are shown graphically in Fig. 4. The effect of the inclusion of a 
foodstuff rich in carotene is again apparent in the total yellow colour of the 
butter. The two A.I.V. fodders show some advantage in tins respect over the 
fodder treated with a weaker acid mixture (fed to group F2) but in this case 
the fodder was made from grass of poorer quality than the other two types. 
The carotene contents of the three fodders used are given in Table V; they 
: account for the somewhat smaller effect obtained with the fodder made with 

;■ - a lower addition of acid. The supply of this latter fodder was exhausted in 

: • early March, and this group was then discontinued. 

Table V. Carotene contents of fodders fed to the groups of Ayrshire cows. 


(Stated 

as mg./ 100 g. 

of the dry matter.) 


Date 

F 1 

F 2 

F 3 

13. xii. 32 

56-7 

33*3 

64*0 

11. i. 33 

53-9 

29*5 

67*2 

24, i. 33 

50*4 

25*2 

56*1 

9. in 33 

38*5 

47*4 

42*8 

21.ii.33 

28-S 

35*6 

59*5 

21. iii. 33 

41*4 

— 

58*2 

Averages 

44*9 

34*2 

58*1 


An interesting point is the difference in level of the maximum yellow colour 
value of the butter in the Ayrshire groups as compared with the Shorthorns. 
With the former breed it scarcely exceeded 9 Lovibond units, whereas with the 
Shorthorns it rose to almost 15. 



This difference with breed is shown clearly in Fig. 5, 'where the values for 
the two control groups, Shorthorn and Ayrshire, are plotted together with the 
values obtained when 401b. of A.I.V. fodder were fed (groups D2 and F3). 
It is noticeable that the Ayrshire butter lost its colour more rapidly and more 
completely than the Shorthorn on the same normal muter ration. 

When a foodstuff rich in carotene was included in the ration the yellow 
colour of the butter was increased, but to a far greater extent with the Shorthorn 
cows. It seems that there is, for each breed, a “ceiling 5 ’ value above which the 
epth of colour of the butter fat does not rise even wdien an excess of fodder 
rich in carotene is fed. 
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This ceiling value for the Ayrshire cows seems to be markedly lower than 
it is for the Shorthorns, Values obtained on the farm herds in June 1933, when 
the pasture was at its best, gave values of 15*2 Lovibond units for Shorthorn 
butter and 9*2 for Ayrshire butter, which agree well with the maximum values 
obtained on the A XV. fodder rations during the winter (14*8 and 9*2 respec- 
tively). 

The difference in intensity of colour with breed has been shown by many 
workers, and it is generally known that the Channel Island breeds in Jersey 
and Guernsey produce a milk fat of higher colour than all the others, and that 
the Ayrshire falls below the other breeds in that regard. Wilbur el al. [1933] 
have shown that despite the difference in yellow colour, the vitamin A potency 
of the butter made from the milk of Jersey cows is no greater than that of 
Ayrshires. There are indications also from the values obtained from the butter 
of pure-bred Ayrshires that the vitamin A potency is similar to that of Shorthorn 
butter. 

It would appear that the total yellow colour of butter from any one breed 
of cow is correlated with its carotene content and its vitamin A content, but 
that the depth of colour is no indication of the total vitamin A potency of the 
butter unless the breed from which the milk was obtained is known. A com- 
prehensive experiment, including the major dairy breeds, is being conducted 
at present to obtain full data on this point. 

Although the experiments were not designed to measure the effect of the 
various rations on the yield of milk, all yields were normal and the performance 
of all the cows was satisfactory. 

Two trials of a different type were carried out at outside centres, the first at 
Dartington Hall in Devonshire 1 , the other in Derbyshire. Thirteen South Devon 
cows were used at the former centre and eight Shorthorn cows in Derbyshire. 
All the cows at each centre were fed on a normal winter ration of concentrates 
for 5 weeks. They were all then changed over to an experimental ration con- 
taining 40 lb. of A XV. fodder per head daily, the nutritive value of the diet 
being the same as in the first period. After 5 weeks on this diet they were again 
changed back to the control ration, which was identical with that fed in the 
first period. The final period also lasted 5 weeks. The milk was sampled in the 
fifth week of each period, and butter samples were made and their total yellow 
colour was measured (Table VI). 


Table VI. Total yellow colour of the butter produced by two groups of cows on a 
normal winter ration and on one containing 40 lb. of AT .V . fodder . 


Stated in Lovibond units. 


Period 1 
Control 


Period 2 
A.I.V. fodder 


South Devon cows 
Shorthorn cows 


4-0 

2-0 


84 

8*4 


Period 3 
Control 

2*8 

24 


The effect of the AXV. fodder on the total yellow colour of the butter is 
striking. The colour value is not so high as that obtained on 40 lb. of the A.IA . 
fodder at Jeaiotts Hill, but it must be remembered that the experimental ration 
was fed for only 5 weeks and that the cows had been on a winter diet for 
5 weeks, which had reduced the colour to a low level. It is a point of great 
practical interest that it is possible to raise the yellow colour of the milk fat 
so rapidly from a low level. The return of the colour to its previous low level 
1 A full account of this trial is being published elsewhere. 






mm 

SH 


69—2 



1082 S. J. WATSON, G. BISHOP AND J. G DRUMMOND 

after reverting to the control ration for 5 weeks is indicative of the necessity 
for including a foodstuff rich in carotene in the diet of the dairy cow throughout 
the whole winter period if the colour of the milk and its quality are to be held 
at the high level which is so desirable from a nutritional standpoint. 


II. the carotenoid and vitamin a contents 
OF the butter. 

The preceding section of this paper describes the results obtained using as 
criterion the colour of the butter produced by the various experimental groups. 
The present section, on the other hand, gives the results of the spectroscopic 
examination of certain of the butters, with particular reference to the carotene, 
xanthophyll and vitamin A contents, determined by the method developed earlier 
[Giilam et al, 1933], The numerical results seen hi Table VII correspond to the 
experiment described on p. 1077 (c/. also Table II). 


Group Ration 
D 1 Control 


D 2 40 lb. A.I.V. 

fodder per 
cow per day 


D 3 70 lb. A.I.V. 

fodder per 
cow per day 


D4 70 lb. A.I.V. 
fodder + 4 lb. 
dried grass 
per cow per 
day 


Table VII. 

Constituents as mg./ 100 g. 
of dry butter 


Bate of 

H 2 0 in 

Carotene 

Xantho- 

phyll 

Vit. A by 
gross ab- 
sorption 
328 mp 

Vit. A by 
absorption 
at 585 in ft 
in SbCl 3 

(1900 

(1700 

(1600 

colour test 

milk sample 

butter 

basis) 

basis) 

basis) 

(2600 basis) 

16. i. 33 

18-5 

0-040 

0-0186 

0-292 

0-222 

6. ii. 33 

13-9 

0-146 

0-0144 

0-298 

0*157 

27. ii. 33 

12-6 

0*164 

0-009 

0-286 

0-122 

20. iii. 33 

17*9 

0-025 

0*0036 

0-268 

0-118 

17. i. 33 

16-0 

0-607 

0-065 

0-63 

0-480 

7. ii. 33 

9-5 

0-188 

0-023 

0-519 

0*259 

28. ii. 33 

12*7 

0-347 

0-039 

0-494 

0-196 

21. iii. 33 

17-8 

0-164 

0-0134 

. 0-407 

0-281 

11. iv. 33 

16-0 

0-170 

0-014 

0-715 

0-293 

18. i. 33 

12-8 

0-543 

0-063 

0-372 

0-294 

8. ii. 33 

13*9 

0-448 

0-022 

0-428 

0-194 

1. iii. 33 

17-0 

0-325 

0-0114 

0-482 

0-270 

22. iii. 33 

19-1 

— 

0-026 

0-430 

0-169 

12. iv. 33 

17-2 

0-152 

0*012 

0-693 

0-333 

18. i. 33 

14*3 

0-638 

0-029 

0-57 

0*382 

9. ii. 33 

12-7 

0-362 

0-043 

0-575 

0-341 

2. iii. 33 

11-4 

0*386 

— 

0-442 

0-207 

22. iii. 33 

12-4 

0-388 

0-0314 

0-592 

0-385 

13. iv. 33 

15-6 

— 

— 

0-578 

0-241 


The figures stated as the basis of calculation indicate the value of E] 7° taken as that of each 

for ‘V ? m - of a 1 % solution, where /„ = the intensity 
a d T I -the intensity of the transmitted light at the wave-length of maximum 

absorption characteristic of each substance.) 


The mean values for each of the groups over the whole period of the experi- 
ment are shown in Table VIII and clearly demonstrate the effect of the diet 
rich m carotene on the vitamin A and carotene contents of the butters 

A further experiment to test the value of A.I.V. fodder was carried out at 
Darlington Hall (Devonshire) using a single group of 13 pure-bred South Devon 




COLOUR AND VITAMIN A OF BUTTER 


Table VIII, 


cows (see p. 1081). The results of the spectroscopic determinations are given in 
Table IX and, together with the evidence of the total yellow colour values 
given earlier, leave no doubt as to the value of A.I.V. fodder in the diet of the 
cow as a means of Increasing the carotenoid and vitamin A contents of winter 
butter. 

Table IX. 


First 

Second 

Third 

period 

period 

period 

Control 

A.I.V. fodder 

Control 

(5 weeks) 

(5 weeks) 

(5 weeks) 

25. i. 33 

1. iii. 33 

7. iv. 33 

13*7 

12*1 

12*6 

0*122 

0*311 

0*129 

0*0081 

0*0366 

0*0148 

0*183 

0*405 

0*240 


Date of sample ... ... ... ... ... 25. i. 33 l.iii. 33 7 . iv. 33 

H 2 0, % 13*7 12*1 12-6 

Carotene, mg./ 100 g. of dry wt. (1900 basis) 0*122 0*311 0*129 

Xanthophyll, mg./ 100 g. of dry wt. (1700 basis) 0*0081 0*0366 0*0148 

Vitamin A, mg./lOO g. of dry wt. By 328 mp 0*183 0*405 0*240 

band (1600 basis) 

The colour of cow’s butter is known to vary with different breeds, but as 
the absence of yellow colour (or carotene) from butter does not necessarily imply 
the absence of the true vitamin A also, it was decided to examine a series of 
goat butters — which are noted for their chalky-white colour and low carotenoid 
content. Monthly samples were therefore obtained from one particular herd 
over the period June - De cemb er inclusive. The unsaponifiable matter was a much 
paler yellow than that of cow butter, and in chloroform solution it exhibited 
ill-defined maxima near 480 and 455 m/x. As only a small fraction of the already 
weak yellow colour was extractable from light petroleum solution by methyl 
alcohol the amount of xanthophyll present must have been very small [Will- 
shatter and Stoll, 1913]. The yellow colour remaining in the petroleum showed 
ill-defined absorption bands identical with those characteristic of the carotene 
fraction of cow’s butter. 

With antimony trichloride in chloroform the unsaponifiable matter gave a 
deep blue colour, much stronger than that to he expected from the small content 
of carotenoids. The blue solution exhibited two maxima at 612—61 SffifM and 
580-586 m/x characteristic of vitamin A, the presence of which was confirmed 
by the occurrence of an inflexion in the absorption curve of the chloroform 
solution near 328 m\i. 

Monthly samples (250 g.) were examined by the method applied to the cows 
butter and the numerical results are given in Table X. 

Vitamin A with antimony trichloride gives a blue colour exhibiting a strong 
absorption band at 617 m/x and a masked maximum close to 583 m/x. The relative 
intensities of these bands are approximately 2 : I [Heilbron et ah, 1932; Carr 
and Jewell, 1933]. In cod-liver oil, however, the relative intensity of the 617 my. 
band is considerably reduced presumably owing to the. presence of certain 
inhibiting substances [Norris and Church, 1930]. Artificial inhibitors of this 
type, mostly decomposition products of proteins, have been described by 


D 1. Control 
9 2, 4011). A.I.V. 

9 3. 701b. A.I.V. 

9 4. 701b. A.I.V. + 4 lb. 
dried grass 


Xanthophyll 
mg./lOO g. 
dry weight 


Vitamin A 
mg./lOO g. 
dry weight 
U.V. values 


0*286 

0*553 

0*481 

0*551 


0*094 

0*295 

0*367 

0*428 


Carotene 
mg./100 g. 
dry weight 
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Date 

June 

July 

August 

September 

October 

November 

December 


Table X. Goafs butter. 


Constituents expressed as mg./ 100 g. 
dry butter 

1 K 


* 

h 2 o 

Carotene* by 

Vitamin A by 

Vitamin A by 
58 5 m(i band 

light absorption 

328 m/x band 

(in SbCl 3 blue) 

0/ 

. 0 

at iQO 'mfi 

(1600 basis) 

(2600 basis) 

14-5 

— 

0*239 

0*22 

14-9 

0*017 

0*564 

0*43 

12-0 

0*026 

0*454 

0*27 

12*9 

0*014 

0*393 

0*30 

13*9 

0*012 

0*341 

0*33 

11*6 

0*023 

0*420 

0*34 

13*1 

0*036 

0*450 

0*30 

* Carotene 

values nncorreeted for 

xanthophyll. 



Table XI. Comparison of goafs and coiv’s ( pure-bred Shorthorn) butter. 


Goat’s butter. Mean values (June -December) 

Cow’s butter. Cows on ordinary winter diet (typical values) 
Cow s butter. Cows on rich winter diet (typical values) 
Cow’s butter. Cows at grass (moderate summer values) 


Constituents expressed as 
mg./lOO g. dry butter 

Carotene Vitamin A 

0*021 0-41 

0*15 0-28 

0*35 0*55 

0*60 0-70 


Emmerie et al. [1931], and the action of one of them— 7-methylindole— on the 
vitamin A-antimony chloride blue colour has been examined fully [Morton, 
1932]. The imsaponifiable matter of cow’s butter must also contain these or 
similar inhibiting substances for with antimony trichloride in chloroform the 
intensity of the 617 mp band is only the same or slightly more than that of the 
583 mp band and even the intensity of the latter band* is reduced. This is also 
shown by the fact that the vitamin A values calculated from the intensity of 
this band are much lower than those obtained by the ultra-violet absorption 
at .i-S'/M/x. The distinct nature of this inhibition will be seen by a comparison 
oi the vitamin A values measured by the two methods (Table VII). The inhibi- 
tion of these absorption bands in the blue antimony trichloride solution of the 
unsaponifiable matter of butter is probably due to the same cause as that which 
gives the low blue colour values (Lovibond) on butter fat reported by Booth 
et al. [1933], who find the amount of inhibition to vary seasonally.* In the 
sampies of the unsaponifiable matter of goat’s butter we find that although 
both absorption bands are reduced in intensity the inhibition is not so marked 
as m the case of cow’s butter. This is shown by the fact that the vitamin A 
values of goat’s butter, calculated from the intensity of the 585 mu absorption 
band, do not differ quite so much as in the case of cow’s butter from those 
obtained by the ultra-violet absorption method (Table X). 


Summary. 


The effect of a ration containing artificially dried grass on the quality of 

WUwJ - f. 0r ?u 0m C V S WaS t6Sted - When 10 or 25 % of the concentrated 
foodstuffs. fed in the production ration were replaced by artificially dried grass 

no appreciable advantage in depth of yellow colour of the butter-fat was noted, 
as compared with a control group on a normal winter ration. The inclusion of 


I 
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50 % of artificially dried grass in the concentrated ration, however, caused a 
distinct improvement in the yellow colour of the butter fat. 

The inclusion of A.I.V. fodder in the winter ration of Shorthorn cows raised 
the yellow colour of the butter-fat to a high level, comparable with that obtained 
on best pasture. The A.I.V. fodder was fed at two levels, 40 lb. and 70 lb. per 
head daily. The larger amount showed no advantage, either in colour or 
vitamin A content of butter fat, over an allowance of 40 lb. per head daily. 

The feeding of A.I.V. fodder increased the carotene and xanthophyll contents 
of the resulting butter to about three times those of a similar control group on 
a normal winter ration. The content of the true vitamin A was approximately 
doubled at the same time. 

The feeding of A.I.V. fodder to Ayrshire cows raised the yellow colour of 
the butter-fat to a level well above that from milk produced by a group on a 
normal winter ration. 

The difference in the depth of yellow colour of butter fat as between breeds, 
is well marked in the case of Shorthorn and Ayrshire cows. On a normal winter 
ration deficient in carotene, the yellow colour of the butter fat of Ayrshire cows 
fell more rapidly and to a decidedly lower level than was the case with. Shorthorn 
cows. There seems to be, for each of these two breeds, a “ceiling” value above 
which the colour intensity and vitamin A content of the butter fat do not 
rise, even w T hen an excess of carotene -rich fodder is fed. 

The feeding of 40 lb. of A.I.V. fodder in the ration raised the yellow colour 
of the butter fat of Shorthorn cows to a high “ceiling” level, whereas with the 
Ayrshire the “ceiling” value was much lower, though the amount of carotene 
supplied hi the ration was similar for both breeds. In spite of this difference in 
depth of colour, it appears that there may he little difference in the content of 
true vitamin A in the butters from the two breeds. 

Samples of goat’s butter were found to be very similar to cow’s butter in 
their content of the true vitamin A, although they were almost devoid of colour; 
the carotene content was less than 5 % of that of the butter from cows at grass. 
Thus the colour of goat’s butter cannot he used as an indication of its growth- 
promoting activity in comparison with cow’s butter, since in goat’s butter most 
of this activity is due to the presence of colourless preformed vitamin A and 
not to carotene. 


CXLVIIL AN ANALYTICAL STUDY OF 
LIESEGANG RINGS. 

By EDWIN BURNHOPE HUGHES. 

{Received March 12th, 1934.) 

So mueh has been written on Liesegang rings, and so many theories or variants 
ol theories proposed, that apology may be expected for further addition, though 
perhaps the investigation of the phenomenon mainly by the application of 
quantitative analysis may be regarded as some justification. The literature of 
this subject has been liberally referred to in most of the papers published 
thereon m recent years, including an exceptional comprehensive bibliography 
by Hedges [1932] and it is accordingly considered unnecessary to repeat such 
reterencGS here, except in those instances where specific mention is essential, 

, T 1 ,° j ff to make clear the trend of the results of this investigation, it may 
be stated that they lead to the conclusion that, when diffusion of one electrolyte 
into a solution of another of lower equivalent concentration (generally contained 
m a gel) causes formation of a precipitate, the occurrence of this precipitate in 
band formation depends essentially on the following factors : 

(1) The gradient of the concentration of the entering diffusing reacting salt 
(precipitating ion. A) and the resulting gradient, at the precipitate front, of the 
concentration of the reacting ion (B) contained in the medium; and on the 
removal of ion B m the neighbourhood of the precipitate by the advent of 
m0r / 9 v Of n° n .A tlU f ° rw ® rci diffusion of electrolyte A again proceeds normally. 

(2) On the rapid collection of the separated precipitate into a more closely 

defined zone than when first separated. •’ 

(3) On the solubility of the precipitate and on some factor explaining sudden 
separation of precipitate, which is taken to be metastable solubility. 

Factors (2) and (3) are essential conditions to the extent that on them 
epend the character of precipitate and the conditions for (1) requisite to control 
the formation of the precipitate in banded form or as continuous precipitate 

furthermore the primary importance of the movement of the electrolytes 
towards each other is shown by the fact that banded precipitation can be ob- 
tained when this movement of ions is produced under the influence of a super- 
imposed E.M.3?., i.e. by the application of electrolysis [Hughes, 1928], 

, JNo ^ le of ™® se factors is new in its application to the explanation of the 
formaton of Liesegang nngs; they have been proposed and referred to, to a 
greater or less extent, m many notable papers, but in this communication they 

Tw m ^ a r a , COncl 1 US1 ? n from the experimental evidence recorded here, 
r*? J V the f . factor ® wlu ch may be of importance in certain instances only— 
such as adsorption, and coagulation of the precipitate by the entering electrolyte 

l^ and no ***?? ^ t0 be re ^ as <* minoHmportaSe 
only and not as essential causes of banded formation of precipitate 

experimental work! ^ ° f Lies *g a »S ™gs follows the description of the 
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! ANALYTICAL STUDY OF LIESEGANG RINGS 

A. Diffusion. 

The process of diffusion of an electrolyte into a gel follows Fick’s law of 
diffusion, and the mathematical expressions for the concentration gradient and 
the rate of penetration have been developed and verified experimentally by a 
number of workers, e.g. Morse and Pierce [1903], Stiles [1920], Stiles and Adair 
[1921], Adair [1920]. A very valuable mathematical and theoretical study of 
diffusion in respect of rhythmic precipitates is that of Fricke [1923]. The effect 
of temperature on rate of diffusion is considerable: Stiles [1921] states that 
increase of temperature from 0° to 20° increases the diffusion coefficient about 
1*76 to 2*2 times, according to the salt. 

A I. The passage of water into or from the gel. 

The possibility of the movement of water into the gel from the outside or 
vice versa is generally ignored though, for example, Hatschek [1922], Davies 
[1922] and Steopoe [1924], have suggested that alteration of the water content 
of the gel may have some bearing on the formation of Liesegang rings. Accord- 
ingly it seemed worth while, first of all, to ascertain if such action takes place 
to an appreciable extent. 

Diffusion was caused to take place for about 100 hours from a weighed 
solution of a salt of known concentration into a weighed tube of gelatin gel, 
after which the solution and gel were separately weighed and analysed for salt 
in the solution and salt and gelatin solids in the gel. Similar tests were made 
with a salt in the gel diffusing out into the water. The relative amounts of 
aqueous solution and of gel were varied. The materials used were: Na€l solution 
and gelatin gel and agar gel; K 2 Cr0 4 , also AgNO s into plain gelatin gel and into 
the gel containing the other salt; water into gelatin gel containing NaCl. Results 
showed that the movement of water only occurred to a negligible extent, 
generally about 0*1 to 0*3 g., being to the solution of higher osmotic pressure, 
and always only from near the surface of the gel. It is concluded that, in 
connection with diffusion from solutions into gels, the movement of water is 
very slight and is negligible. 

Actually if two reacting salts are separately contained in gels in contact, 
diffusion from one gel to the other with formation of a banded precipitate can 
occur. 

A II. Analysis , with respect to the entering electrolyte , of gels in which diff usion 
has taken place with formation of precipitate {continuous or banded). 

In general, a quantity of standardised solution of one electrolyte was mixed with liquefied gel 
of concentration double that finally required and of half the required volume, and the mixture 
then made up to volume with distilled water. A portion was taken for analysis and the remainder 
filled into corked glass tubes of about 2*5 cm. diameter and suitable length, \\ hen the gel had 
set firm, it was attached by rubber tubing to the neck of a flask (300 ml.) 1 containing the intra- 
diff using electrolyte, and then placed vertically, with flask inverted, and the diffusion allowed 
to proceed at constant temperature to the required extent 2 . The flask was then disconnected, 

1 In general sufficient volume of reagent to ensure only the slightest diminution of concen- 
tration during diffusion. 

2 It was proved that this method gave entirely satisfactory results, and that there was no 
entry of the diffusing liquid itself in experiments recorded here. 

With gelatin gels or silicic acid gels no entry of diffusing liquid ever occurred; with agar gels 
i it was found that this trouble could be avoided by filling the hot agar solution (at about 95 ) 

j into hot tubes taken direct from a steam-oven, the contraction of the agar from the glass, on 

setting, being thus avoided. 
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free liquid carefully removed from the surface of the gel with filter-paper, and the gel removed 
from the tube by one of the following methods. 

(a) The tube used had been first carefully split in two, the halves bound together with rubber 
bands and the cut edges waxed over before filling. Afterwards, when the gel was required for 
analysis, the wax was scraped off the tube and the two portions carefully separated, leaving 
generally a clean undamaged cylinder of gel. 


(b) Procedure (a) was not always successful; occasionally a gelatin gel would adhere to the 
tube in places, spoiling the experiment. The method finally adopted, which avoided the use of 
split tubes, was to remove the gel by gently pushing a long stiff thin wire along the inside of the 
tube, closely in contact with the glass, and then, while one person held the wire firmly, another 
gently rotated the tube so that the wire was always against the glass. The gel was so loosened 
and could then he blown out of the tube. 

( c ) •^o ar 8 e ^ a contract on setting, so that all that is necessary is to cut round the top edge of 
the gels (where contact had purposely been made sound to avoid entry of diffusing liquid)* and 
then to blow the gel out of the tube. 


The gel was then sliced with a razor blade into portions of suitable thinness, and these were 
placed at once in small covered weighed beakers and weighed, and the slices were then analysed. 
Generally the thickness of each slice was not measured directly, but calculated from its weight in 
relation to the total weight of the slices, the total length of the gel before cutting being noted. 
Distances were calculated as being to the middles of slices, and in recording analytical results 
these are given as if the slices were of uniform composition. In the graphs the concentration of 
reagent in a slice is given as at the middle point, or sometimes shown (for bands and clear spaces) 
as being equal throughout the slice. 


Graph 1 (cxxrves a, b, c) shows the concentration of silver in the gel after 
diffusion thereinto of N/2 AgXO a solution (a) into plain 5 % gelatin gel; 
(6) similar gel containing xV/500 K 2 Cr0 4 ; (c) gel containing N / 500 Ag 2 Cr0 4 . 


(a) 



Graph 1. 

'® 5% gel only. (6) X----X 5 % gel + iV/500 K„Cr0 4 . 
(c) © 0 5 % gel + i\ 7 /o00 Ag 2 CrO, . " 


-rj- f( t ese show that in presence of Ag 2 Cr0 4 in solution or of very dilute 

- T* m tlle gel, the concentration curve of the intra-diffused AgNO, is of the 
same type as for the diffusion into the plain gel. ( b ) and (c) show slightly higher 

w A fx than (a) due P? the Ag P reci Pitated by the K 2 Cr0 4 and to 
the Ag 2 Cr0 4 but the amount of Ag so held is not constant along the tube, 
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i.e. is not always NjB 00, this being due to some movement of the contained 
K 2 Cr0 4 (and Ag 2 Cr0 4 ) towards the entering silver. This effect is not very 
noticeable for such dilute K 2 Cr0 4 and, moreover, the rings are not shown 
separately ; clear evidence of this movement is given in results described later. 

The inference, from the deduction and observation of Morse and Pierce 
[1903] that the relationship djVt applies during ring-formation, is that the 
diffusion proceeds in accordance with Pick’s law all through the precipitate 
formed, and that the concentration of the uncombined entering diffusing ion 
should therefore give an ordinary diffusion curve. Results such as those shown 
in Graph 1, comparing diffusion in absence and in presence of a precipitating 
ion, indicate that this is the case. Consequently, subtraction of the concen- 
tration of other ion (contained in the gel) from the equivalent of the concen- 
tration of diffusing ion at the same point should give a regular diffusion curve 
for the differences so obtained, i.e. for the “free” ion 1 . This procedure has been 
followed in considering the analytical results which follow. A simple case is 
where the “Tree” ion can be determined directly without having to determine 
each of the reacting ions and subtract ; for example, Graph 2 (curves a , h } c and rl), 
which expresses the results of analysis after diffusion of ammonium thiocyanate 
into 5 % gelatin containing N / 70 silver nitrate for 19 , 43, 67 and 139 hours. 
The tubes and amounts of reagents were identical, so that the results can be 
taken to represent the concentration in one tube after these different periods 
of diffusion. 


■a \ \\\ 

gj 0-500 “" \ \ \\ 

! ’ \\\\ 
yT 0*400 - \ \ \ \ 

© 0-300 — V \ N 




n ' i '? i iNv’ 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BO 

Distance from surface (mm.) 

Graph 2. 

a After diffusion for 19 hours. b After diffusion for 43 hours. 
c „ „ 67 „ d „ „ 139 »* 

It will be seen that the curves, which are for "‘free” [ONS], are satisfactory 
diffusion curves. They also show clearly the flattening of the gradient as diffusion 
proceeds further. The results obtained for [Ag] (not shown) indicate that tliei e 
is also a diffusion gradient of the [Ag] in the gel towards the precipitate front. 

i The term “free,” in considering the ion or the salt, is applied to the amount or concentration 
of it which is not combined or associated with the other ion with which it forms a precipitate. 



1090 


E. B. HUGHES 


. When separate bands and “clear” spaces are analysed, results have to be 
interpreted, as to the centre of the bands, and to inexactness from this must 
also be added some inaccuracy resulting from not being able to cut shoes exactly 
to the edge of a band, even if sharply defined, and also that resulting from the 
double experimental error which may be involved in subtraction. Nevertheless, 
the results obtained 1 provide satisfactory evidence of the regular diffusion of 
tiie tree . ion. Examples are given in Graphs 3, 4, 5 and 6. 

i, °/W-^ KsPrOi into 5 °j 0 gelatin containing N flOO AgN0 3 . Analysis 

after diffusion for 121 hours (Graph 3). The general form of the curve for “free” 
LGrOJ is m accordance with diffusion, as expected. The “free” curve is joined 


[ft- 

CH 1 1 L I &:J'y ■■ 1 ! I 

0 10 20 30 40 50 60 70 ' 80 

Distance from surface (mm.) 

Graph 3. 

X X Total [CrOJ. © © Free [CrOJ. 

to the total curve at E because from there onwards the CrO,, is in presence 
ot Ag without any precipitate having been formed. DE'F would represent the 
conditions when precipitation for a band occurs at (or about) E' 

Diffusion of M/5 K s Cr s O r into N \100 AgNO a in5°\ 0 gelatin (Graph 4). Analysis 
was made of separate bands and spaces from 103 mm. belowthe surface, where'the 
bands were wide enough apart for separation. The last ring was incompletely 
formed. The time of diffusion was 52 days, after which the action had practically 
come to a standstill although there was abundant AgN0 3 remaining, this having 

bee vt 7 ^u U A e a by USmg a long tube of gel into a flask of the gel. 

With AgN0 3 as the internal electrolyte the diffusion of K„Cr,0 7 into the gel 
results m the formation of Ag 2 Cr0 4 2 (not Ag 2 Cr 2 0 7 ), according to the equation 

; H 2 ° + K 2 Cr 2 0 7 + 4AgN 0 3 = 2 Ag 2 Cr 0 4 + 2KN 0 3 + 2HN O s . 

The “free” [Cr 2 0 7 ] is calculated accordingly, and the curve is seen to be of a 
satisiactory character, except towards the end of diffusion; here, however, the 
1 In none of these examples is allowance made for the solubility of the precipitate; such 

allowance would not affect the shape of the “free ’’curve. 1 F 

and b^WU 922] ’ I" 0 C ° nfir “ 6 ^ (in addition to Gra P h 4 ) b y tests applying Pringsheim’s rule 
and by the colour and nature of the precipitate. 




ANALYTICAL STUDY OF LXESEGANG RINGS 


last ring was ill-formed and indefinite, there being some other separation of 
precipitate, near the band, on the glass tube. For comparison, the curve for 
“free” [Cr 2 0 7 ] assuming formation of Ag 2 Cr 2 0 7 , is also given. K 2 Cr 2 0 7 is more 
suitable than K 2 Ci* 0 4 for obtaining bands for analysis, as the spacing is wider ; 
this can be explained by the lower effective concentration of the AgN0 3 when 
K 2 Cr 2 0 7 is used with it. 


120 130 140 150 160 170 180 190 

Distance from surface (mm.) 

Graph 4. 

. G G Free [Cr 2 0 7 ] (formation of Ag a Cr0 4 ). 

Free [Cr 2 0 7 ] (if Ag 2 Cr 2 0 7 were formed). 


Distance from surface (mm.) 

Graph 5. 

Total [Cr 2 0 7 ]. O - - - Free [Cr 2 0 7 ], 

0r 2 0 7 for 257 hours into 0-0075 N AgNO s (another 
d) (Graph 5). The ‘Tree” [Cr 9 0 7 l curve is run into 
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the total [Cr 2 0 7 ] curve between noints D nnrl p .(.u + i 

with reference to Graph 3. The gradient nf the 6 , Sai f. e reason as stated 

Effusion of ammonia {solution of sp.gr 0-880) into TST/2 MaCl J* . 

‘•I- S”‘. Amlym after diffmdnfj 4sZ„mJl f « ««.*i ,, 

of cutting the gel the last ,ct4 preoipiteS ^ atKe “fte, » TO H Te?°‘ 
should then pass on to the total rOHl curve it P’ oft-*- ™i ■ ^ nn. i,!™ 76 

Thf“fre?’ ' ?0H°| f shfuW 1?^ d % t ** 7 * PP '’ at & PrecipiSon is due’ 
j-ne nee [UHJ should there drop to a low value as ROT-“fvL” nr V , , 

5* T,lue at ft “ “ ~~ -‘»"p£’£ 



■X Total [OH], 0 o Total [Mg], x - - . . x Free [OH], 


X Free [Mg]. 

‘ h 1“ e “*?« ““ *»»<“<■» 
Kt‘ w™ s u\ 7? f i * Mion « b ^““ 

further „ffl the iou L*ate“ SS “uditiou. The flatter the curve the 

oentrated solution (of the enterL ion) wiiHSto a C ° n ‘ 

as j its gradient being steep it wilfhavp continuous precipitate, 

front, and a dilute solution will OT \ i i tle P e ^ etratl0n beyond the precipitate 
When the concentration euTJ-e of a ° onditions are aI s« suitable, 

flat owing to time and distant nf , . i LC ® ntiated solution becomes sufficiently 
from continuous^ banchfonnatimi. C ^ US10n ’ ^ precipitate may chang^ 
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0 20 40 60 80 100 120 140 

Distance from surface (mm.) 

Graph 7. 

The vertical lines represent the precipitate front (as nearly as it could be 
cut) for the tubes a, b, c, d, e. The results show clearly: 

(1) that the A g, in amount, has advanced very considerably towards the 
incoming K 2 Cr0 4 . This is to be expected from the gradient of the [Ag] at the 
precipitate front, down which the Ag must move. 

(2) The gradient flattens with the age (and distance) of the diffusion of 
K 2 Cr0 4 . (It is the right-hand slope of the curve which is to be considered.) 
This change in the gradient of the internal electrolyte results in the widening 
of spaces bet ween rings ; it is dependent on the rate of diffusion of the entering ion. 
If the conditions of diffusion give continuous precipitate, or rings so closely 
arranged as to be merely denser zones with precipitate between, then the 
gradient of the contained ion shows but little alteration as diffusion proceeds. 

Curves a, b, c, d and e in Graph 8 illustrate this in the case of diffusion of 
0*5 N AgN0 3 into 0-04 N K 2 Cr0 4 in 5 % gelatin for 24, 120, 172, 216, 312 hours. 
In tube e the Cr0 4 remaining uncombined is much reduced in amount. 

Graphs 9 and 10 are of interest as showing results when either concentrated 
AgN0 3 or K 2 Cr0 4 diffuses into the other also rather concentrated. Such conditions 
result in continuous precipitate. 

The observations of interest are : 

(1) The steepness of the curve of the concentration of the entering electro- 
lyte. This is a condition for formation of continuous precipitate. This steepness 
is due, first to the high concentration of the outside electrolyte and, secondly, 
to the somewhat high concentration of the internal electrolyte which has the 

1 For the purpose of obtaining clear spaces and bands of Ag 3 Cr0 4 for analysis, it is preferable 
to have AgNO a as the internal electrolyte. 


A III. Analysis , with respect to the internal electrolyte, after diffusion has 
taken place with formation of precipitate (continuous or banded ) . 

Curves a , b, c , d and e in Graph 7 show results of analyses of the gel in the 
neighbourhood of the precipitate front after diffusion of A R 2 Cr0 4 into 0 0143 N 
AgJSTOg in 5 % gelatin in similar tubes for different periods (16, 42, 112, 161, 
209 hours). These conditions give close but separate bands 1 . 


The concentration of the ion contained in the gel also has its effect on band- 
formation, and accordingly the gradient of the concentration of the interna! ion 
has been examined. 
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e ® e ?. t Rowing down the diffusion of the entering electrolyte, i.e. making k, 
Of d/yt-Ie, much smaller. Thus, for example, diffusion of N AgNO, into 5 % 
gelatin containing (a) no added salt, (b) A/ 100 K*CrQt, (c) NI5 0 KXJrO 
(d) A/10 K Cr0 4 (e) NJ 5 K 2 Cr0 4 , gave Results as lollop for periods up to 
112 hours: k (cm.-hours) a, 0-74; b, 0-68; c, 064; d, 0-46; e, 038. 

(2) The gradient of the concentration of the internal electrolyte, at the 
precipitate front, is also steep. The consequence is that the steepness of both 
gradients ensures that a very slight advance of the entering electrolyte will 
provide sufficient of it in the internal electrolyte to produce the amount required 
for the metastable solubility 1 of the precipitate, which is therefore continuous. 

(3) The internal electrolyte has moved up the tube very considerably. 
Graph 11 gives the results of conditions of diffusion of the extreme opposite 

of the last. 


Distance from surface (mm. 


Graph II. 
-O Total [CrOJ. x- 


- x Total [Ag], 


Rather dilute K 2 Cr0 4 (NJ 10) had been diffusing into very dilute (NJ 100) 
AgN0 3 in 5 % gelatin contained in a long tube which was continued into a 
flask of the AgN0 3 in gel, so that there was abundance of each electrolyte. For 
21 days bands continued to form, after which time diffusion had become so 
slow that in a further 38 days only a trace more of precipitate had formed, and 
this only on the wall of the tube. 

The analytical results show that after a depth of 170 mm. the gradient of 
[Cr0 4 ] was so slight that the Cr0 4 diffused for 67 mm. further without rising 
above 0-002 A T , and that similarly the gradient of the [Ag] was so flat that 
even at 60 mm. from the precipitate front the concentration was only 0*006 A r , 
hardly enough to cause precipitation. Under such conditions diffusion of both 
electrolytes virtually comes to a standstill, and it is probable that, as the real 
metastable solubility is not reached, some partial separation of precipitate 
occurs, for example, on the walls of the tube — as observed; this would also 
probably account for the slight rise in [Cr0 4 ] at the end of the diffusion. 

A IV. Permanency of amount of 'precipitate in fully formed bands. 

The results just considered all show 7 that the concentration of the internal 
electrolyte falls to a small quantity (actually, at the lowest point, the solubility 
of the precipitate), in the immediate neighbourhood (front) of the precipitate, 
and accordingly it is to be expected that this electrolyte does not pass appre- 
ciably further towards the entering ion. This implies that a band, once fully 
formed, does not subsequently acquire any increase in precipitate caused by 

1 See p. 1099. 


Biocliem. 1934 xxviit 
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th e reacting electrolytes, though for some time after the formation of a band 
until fully formed, there will be some considerable intensification of the preci’ 
pitate forming it, due to collection on to it of precipitate from the adjacent 
clear spaces (p. 1100), and also due to the reduced solubility of the precipitate 
if this is less soluble in higher concentrations of entering ion, e.g. Ag 0 CrO in 
the reverse, i.e. increased solubility, also occurs, e.g. AgCNS in XH OX'S 
The following is an example showing that the bands, once completely formed 
continue, in the main, unchanged in intensity. ' ’ 

Curves a and b in Graph 12 show the distribution of calcium in two identical 
tubes after diffusion of .0-166 if Na 2 HP0 4 into a 1 % agar gel containing 0-066 A 
CaCl 2 for (a) 141 hours and (b) 237 hours. If one of the curves is superimposed 
on the other it will be seen that the peaks A and B in the one fit almost exactly 
on the same two peaks of the other. 
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confirm that silver chromate in solution does diffuse and band formation is to 
be attributed to this. 

In this experiment, ash-free gelatin prepared by the method of Loeb [1922] 
was used in order to avoid the interference due to chlorides and phosphates; 
in such gelatin the solubility of Ag 2 Cr0 4 , as measured by the maximum amount 
which still gives only a yellow colour (no tinge of red), is very low, and in 
consequence the concentration of Ag a CJr0 4 used was only 2Y T /5O0. 'Diffusion was 
for 4 hours only. Such a brief period was necessary in order that the gradient 
of the [AgoCrCy, which at most can only be short, shall be as steep as possible, 
this being governed by the rate of diffusion of the entering AgNO s . 

A \ I. The unprecipitated electrolyte of the reaction. 

Results so far given have been concerned solely with the precipitating ions 
and not with the unprecipitated product (or ions) of the reaction. A convenient 
example of ring-formation for this full analysis is provided by the diffusion of 
ammonia into magnesium chloride in agar gel which other workers [Ostwald, 
1925; Hedges and Henley, 1928; Fricke and Suwelack, 1926] have found par- 
ticularly suitable (Graph 14). 



Graph 14. 

x x Total [OH]. O © Total [NH 4 ]. © © Total [Mg]. 

x - ... x Total [Cl]. 0 0 Free [OH]. 

Consider the .concentration curves for each ion after diffusion for a period. 
The [Mg], ion contained in the gel, will give a curve having the usual gradient 
towards the last formed precipitate and with peaks representing the bands of 
Mg(OH) 2 . The [NHJ, entering ion, will give a diffusion curve representing 
mainly NH 4 OH and some as NH 4 C1 — but on the whole it should be an ordinary 
diffusion curve without peaks due to any local concentration. The [OH], entering 
ion, will give a diffusion curve almost coincident with the [MH 4 ] curve except 

70 — 2 
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for peaks showing the bands of Mg(OH) 2 . The “free” [OH] will give a concern 
offc'ia™ Veiy Slmilar t0 that of tlle separated only by the equivalent 

There remains the [Cl], ion contained in the gel. It has not entered into anv 
leal combination or diflusion. It should therefore show no peaks, and as it 
was originally uniformly distributed throughout the tube it should remain so— 
a ? y dlftl f on ’ e J ce I P t perhaps on account of NH 4 C1 when formation of 
Mg(OH) 2 takes place, which would diffuse m both directions from the zone of 
the reaction; there would be also some diffusion out into the NH.OH in the 
reservoir. Consequently the [Cl] curve should be, in the main, a horizontal line 
A typical example (diffusion of ammonia, sp. gr. 0-880, into 0-5 N MgCL in ] «/ 
agar gel), Graph 14, shows that these conditions are fulfilled. " /0 

These results, which are all analytical determinations, also indicate another 
matter of interest namely that, up to the forefront of the precipitate, there is 
diffusion of NH 4 OH as molecular diffusion, but that from that zone the diffusion 
becomes ionic. At the front of the precipitate the action occurring is the union 
° f °Jj and ^g, with the consequence of diffusion of XI J, forward in excess of 

5? g toward f the 0H ’ always ’ of course > *> that 
rnui j l of exam P le > note the two points A and B where 

[OH] and [Mg], and [NH 4 ] and [Cl] are respectively equal. 

The point A has also another significance. It will be noted that the curve 
for free [OH] is joined on to that for total [OH] at the point A, on the 
assumption that, from about there onwards, all the OH is free. 

Encke and Suwelaek [1926] have published analyses and curves of a number 
of examples of diffusion of NH 4 OH into MgCk contained in agar-chiefly from 
. e as lin g (p 1 /- rings) forward into the MgCL and have shown therefrom the 
dependence of ring-formation on the ion activity product. 

Summary of the results and conclusions from the analytical examination 
of banded and continuous precipitate. 

rff L . Tlle reslllts reeor l ded indicate the predominant effect of conditions of 
diffusion in governing the resulting form of the precipitate, i.e. whether it is 
landed oi continuous. The theoretical relation of gradient of entering ion to 
spacing of the bands is described later. 

„ , , 2 ' Th f y also t ? lat *. he reaction is limited to the precipitate front with, 
i s suggested by the results of microscopic examination of rapidly forming bands 
(as undei the influence of a superimposed e.m.f.), some condensation and growth 
of the precipitate immediately it is liberated and some subsequent clearing of 

thernffeilnglon 1011 “ S ° lubility Caused by the “teasing concentration of 

, . 3 -,f t *J he P recl P ltat ® front is a gradient of concentration of the ion con- 
tained in the medium (gel). This gradient obviously has an effect on the spacing 
baad "i and ^pendent on the concentration of this ion in the medium and 
also on the gradient of the concentration of the entering (“free”) ion. 

of tbefov^f 6 “f?™ Can be embodied clearl y m a theoretical explanation 
Zflf T LleSO f ng nn % s ’ the reification of some other conditions 

e omes necessary, namely some factors which will account for the sudden 

to banded ° f P reci P itate ' These Motors are not essential only 

banded piecipitete; they will function when the precipitate is continuous 

SSSTS! I hl 1r f m beSt to meet these -q^enieni are : (a) metalble 
solution and ( b ) growth of precipitate particles at the expense of the smallest 
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[Jablczynski et al. 1923], and (c) removal of contained ion in the zone of the 
precipitate (as described on p. 1103). Some brief reference is therefore given to 
these. 

B. Metastable solution and development of precipitate. 

Much of the published work with reference to production of banded pre- 
cipitates is a record of the precipitates which will, under specified conditions, 
form in bands. It is generally agreed that almost any substance which is rela- 
tively insoluble can be obtained in band-formation if the conditions are satis- 
factory [see Hedges and Henley, 1928; Morse, 1930]. Notable among these 
conditions is the degree of solubility of the precipitate in the medium, which, is 
generally a gel, but which may also be simple aqueous solution. The solubility 
can be so altered by choice of the medium or by addition of a small quantity 
of some foreign substance that bands can be obtained for almost any material 
which forms as a precipitate by double decomposition. This is well recognised 
[see Bradford, 1920; Morse, 1930]. 

Supersaturation and metastable solution. 

Banded precipitates can only be formed in conditions which are actually 
ideal for the occurrence of supersaturation, an important condition being un- 
disturbed diffusion (with or without a gel) . In such circumstances there is none 
of the solid phase present where precipitation occurs, and no disturbance to 
cause the solubility to be limited to the true solubility. On the other hand the 
sparingly soluble salt formed does not remain indefinitely in solution but appears 
to be released at some limiting value, indicating a metastable limit. Though 
such an occurrence may not be capable of direct proof 1 , it seems to be a necessary 
assumption in accounting for the formation of precipitate in bands. The argu- 
ments in favour of this opinion have been put forward by many workers, notably 
Morse and Pierce [1903] who state: 

“We have shown by quantitative measurements that in the formation of 
silver chromate in gelatin solution, a definite constant product of Ag 2 Cr0 4 = H 
exists which determines the limit of supersaturation for silver chromate in the 
absence of the solid phase.” 

Morse [1930] gives extensively the evidence in favour of occurrence of super- 
saturation and the rapid release of salt from a greatly supersaturated solution, 
Fricke [1923] writes: 

“There is no reason for assuming a transient diminution of solubility during 
the formation of deposits. To do without the assumption of a more or less well- 
defined metastable limit in the sense of W. Ostwald, i.e. an ion limit product in 
order to explain the theory of Liesegang rings seems to be impossible.” 
Notboom [1923] also makes use of the idea of the metastable limit and in 
support quotes the development of this idea from consideration of surface energy 
as viewed by Haber and Vollmer. 

It is in this sense of metastable limiting solubility that the term “solubility” 
is employed in this paper, and a limiting “solubility” product is considered as 
being applicable. 

1 When the formation of bands, as for example by Cr0 4 entering into AgNO a in gel in a 
capillary tube under the influence of a superimposed e.m.f., is observed under the microscope, 
it is seen that the advancing Cr0 4 colours the gel a faint orange, and behind the wave front of 
the Cr0 4 a band appears as a sudden darkening of the gel increasing rapidly in intensity. By 
suitable choice of e.m.f. and concentration of reactants, bands can be produced at regular intervals 
of space and time (about 50 seconds or so). 
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‘‘Solubility” product of Ag 2 Cr0 4 . Approximate results were obtained hv 
mixing standard solutions of AgNOo in 5 °/ gelatin a nr! JC rvn ■;« r 0 / '1 

d fferent concentrations, to diffuse into the tubes, noting the tub! whfeh iust 

conceirtratio^of^enterhi^AgN^an^of A^Cr() S * *£* Tf 0 ^' Z*?* 8 

Sam | 0 f g a of (5 h °f §el) ’ ? “solnWKty” product of the ordefrf to^-oJlO^ 

V/S li ^r’ 66 f. f S® imitiMg “ solubilit y” was between A 7 I 66 and 
A/18-, giving a (mean) solubility product 1 x 10~ 7 . Bands of silver chromate 

£& AsM0 - <•* S) tat » * <*> ~ 

•* »»** 

must be a kS a th!!u 0 +i nt “ f f^S? 4 .f® maining in tlle cIear s P aces be tween bands 
V f if S ° lubll ! ty measured as just described, i.e. lower than 
008o N, because there must be subsequent separation of Ag„Cr0 4 due to the 
^saturating effect of that already separated. The reduction sohShtvdue 
to oncoming Ag, or to a less extent, to CrO, , should not greatly affect the 
amount of total Ag ? C!r0 4 actually found in the clear spaces, though it will pre- 
api -ate some as solid particles in the clear spaces. This explains also why clear 
spaces formed in the early stages of diffusion subsequently fill (particularly 

ael^Thf fT nngS aie Cl °f t ° gether ’ as for example, when K/JrO, is in the 

the sOverfSX 18 “® ^ ® ahow “ g tbe amount of ^g 2 Cr0 4 (calculated from 
it XX cIea ^ spaces necessarily, to be wide enough for separate analyses 
at some distance from the origin of the diffusion of the Cr0 4 (orCr.,0-). J ’ 


Table I. 


(a) 0*1 M K a Cr0 4 diffusing into 0-01 N AdSTCb 
[Ag 2 Cr0 4 ] in “clear” spaces 

0*0076 

0*0068 

0*0061 

0*0061 

0*0046 


(b) 0*2 A T K 2 Cr 2 0 7 diffusing into 0*01 N AsNOo 
[Ag a Cr0 4 ] in “clear” spaces 
N 

0*0043 
0*0036 
0*0035 
0*0033 
0*0042 


Obviously the concentration of the ion in the gel should not be verv much 

* -* •*- — -MU 

C. Development of the precipitate. 

eollSjtfon llaS 1 ° CCllrl ' e i d there is concentration of the precipitate by 
collection of the material from the intermediate zones. This is clearly seen if the 

ticXlv w°einf S 1S , f0 “ 0wed > observation through the microscope, and par- 
ticularly well if such observation is made when the rings are being produced 

influence of a superimposed e.m.f. An explanation of the mechanism 

s £ s a uSSf wLX r or :rX clear] , ydefined bands » ^ jab^m. 

1 j' [ ■’ ^ ^ ho shows that it can be attributed to the growth of the 
rda^vely large particles at the expense of the smallest. This is a contributory 

£ Sr,." g m" d! " 0re de<in “ 1 01 » not the cause of S2 

tion. There is evidence m support of this theory in the behaviour of the primary 

f ™ * rings particularly tyhi 
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Where the main bands are rather close together, the primary bands show 
definite signs of being absorbed by the main bands. Where the main bands are 
relatively far apart, the central primary bands, being out of the “zone of 
attraction 55 into the main bands, may form a new “supplementary 55 band, and 
this probably explains the occurrence of bands in doublets and even triplets 
as frequently seen, in capillary tubes, where the rings are becoming more widely 
spaced, i.e. at some little distance from the surface where the electrolyte enters. 
Fig. 1, Plate Y, showing the bands beyond the 18th band in a capillary tube, 
clearly suggests adsorption of the primary bands and indicates the formation of 
double bands. 

D. Theory of formation of Liesegang rings. 


(1) Spacing of hands and its relation to the diff usion gradient 
of the entering salt (free ion). 


It has been found experimentally [Jablczynski, 1926] that the distances 
between bands are in the simple relationship 


K 




h n h n 


K. 


Morse [1930] states that “this indicates a ruling influence of diffusion and 
especially the influence of the diffusing (more concentrated) substance on ring 
formation and periodicity. 55 

It is to be inferred that a constancy such as this depends on the cause(s) 
being of an unchanging nature. The diffusion of the entering ion fulfils this 
requirement ; it proceeds so that the distance reached by the free ion is in 
accordance with hj \/t — K. The corresponding requirement on the part of the 
ion in the gel is that its distribution, from the front of the last formed precipitate, 
throughout the impenetrated part of the gel, shall remain reasonably constant. 
This is approximately true generally, but, as the ion contained in the gel moves 
forward to the entering ion, there must be some decrease in its concentration, 
with the consequence that the relation is not perfectly true over a long enough 
range, the change becoming noticeable in certain circumstances, such as when 
the concentration of the internal electrolyte is low and the entering ion has 
penetrated so. far that its advance is very slow. 


The effect on the spacing of the bands of variation in the concentration of the internal elec- 
trolyte is well illustrated by taking an exaggerated instance. For example, if a gradient of con- 
centration of the internal electrolyte is produced by causing that electrolyte to diffuse into a gel , 
the other electrolyte which is subsequently caused to follow is thus diffusing into a gel containing 
electrolyte of gradually decreasing concentration (Fig. 2, Plate V); the second electrolyte may, 
instead, be introduced at the other end of the tube, thus travelling into electrolyte of increasing 
concentration. 


A meaning can he found for the relationship as follows : 

It is an experimental fact that the diffusion of the entering ion (or salt) X 
proceeds according to Fields law whether or not any precipitating ion (salt) I 
is contained in the gel. That is, although when precipitation does occur there 
is sudden separation of XY with temporary alteration of diffusing conditions, 
yet this does not amount to definite checking of the diffusion as the effect at 
any time is in accordance with the diffusion law (for a given external concen- 
tration G, ~^ = K). This is true so long as it is the “free 55 X which is considered. 

In Fig. 3, CD represents the curve for “free 55 X when precipitation is just 
about to take place at A (h n _f) where the concentration of X = metastable 
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o»i*a 

nginal and have risen to an amount GU, so that GFE represents the “'f™.' ” 

for any ring when a new one is forming next to it ’ LS trUe 

For any given concentration of X along the tube,A = A for all positiong of Y 

of that given concentration: thus for concentration’s of X=.s, * 
yf" = ^ 1 ; for concentration X ==p, ^=1 ~ v f,l ~ l 
h Wt " 2 * 


6*, 7™— = ^ and 




then becomes 


iu = 


/ VCt \ 

WL-J' 




Fig. 4. Ordinate: Concentration (X and Y) 
Abscissa : Distance from surface. 

taon shall be m accordance with the diffusion law/the resel l vt 

Ky L). ThfaSS^S^ih; of x 

: *^ T iSSsi 

theS^^T? 3 rea 1 ches tllis val »e («), the concentration of “free” X at 
It is cfear thflt I tl f0r ? led ?™ St 'f °* a certain constant value (p). 
the S: P :.r " ther »—* «*— governs 

li /10 KlCr ° 4 <llffUSlng at 21 ° int ° 5 °° S elatin ’ containing tf /100 AgNO, gave h/Ji= 1 - 08,5 
If /SO ■” ” ” „ =1-20 

?r trS? * s 

conception of metasS ^Wii band - se P aratl ^ ) based on diffusion and the 
particularly Fricke [1923], Morse 
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to diffusion gradients, as here emphasised, has been realised solely from the 
analytical work recorded and is considered to afford definite confirmation of 
the theoretical considerations described by Fricke. 

Theory of formation of Liesegang rings. 

For simplification of description reference is made only to the ions which 
form the precipitate, and they are considered to be of equal valency. X is used 
to represent the entering “free 55 ion, and Y the ion contained in the gel Suitable 
conditions of gradient of concentration of “free” X and concentration of Y 
are presumed (Fig. 4). 

C x ~ external concentration of X. 

C r = concentration of Y (as originally uniform in the tube). 

S =“ solubility” (metastable) product. 

Sx — concentration of X required to give “solubility” product 8 with C r . 

Concentrations are amounts above final solubility of the product XY . 
Consider precipitation occurring at a point H 1 . Here the metastable “ solubility 59 
product will have been reached, and, as C Y is constant (approximately), S x for 
ion X must be constant when precipitation occurs. X and Y now precipitate 
at H x and consequently there is a drop in concentration of the free ions, to the 
zero line (final solubility) for X, and to C y — S x for 7, as shown by the dotted 
lines at H 1 , LHfF [Fricke, 1923] and SMR respectively. As the amount of X, 
at H x and onwards, builds up again, so the Y in excess at H x and its neighbour- 
hood is precipitated and collected into the precipitate at H 1 , with the conse- 
quence that the concentration of 7 at H 1 is gradually falling and that of X 
increasing again. 

Finally the concentration of 7 at H 1 is down to the final solubility of XY 
(the ultimate solubility of XY being that in presence of excess of X) and the 
conditions when precipitation again occurs at H 2 are represented for 7 by the 
gradient from C Y at H 2 to zero at H 1 (H X GT) and, for X, by the curve X 2 . 
The changes then re-occur as described for H 1 (though the whole procedure must 
be considered in general as continuous, except for the actual separation of X Y 
at concentration of X = S x ). The amount of 7 remaining between one precipitate 
and the next is precipitated ultimately, so that, to obtain clear spaces, it is 
essential that C Y should be relatively only little higher than 8 X . 

Position of H 2 (B of Fig. 3). 

It will be noted that, in the diagram, the positions of H l and H 2 have been 
shown as under the horizontal portion of the concentration curve for 7. The 
reason of this is as follows : 

Referring again to the precipitation at H 2 , Y moves along the gradient C Y 
to zero at H 1 until interrupted by precipitation at Ii 2 with the consequence that 
the average (distribution) concentration of 7 (as precipitate) is greater to the 
left of the last ring than to the right of it (experimental evidence, p. 1093). The 
concentration of free 7 at H 1 is finally “zero.” When precipitation takes place 
at H 2 , this movement of 7 to H t ceases, and so no further 7 goes to the left. 
Consequently, rings once completely formed, except for the absorption of Y 
remaining in the last space or two, will no longer increase in amount of pre- 
cipitate (experimental evidence, Graph 12). If Ih were at a point in the actual 
gradient of 7 to C Y then the average (distribution) of 7 finally remaining as 
precipitate would, for that, distance, be less than C Y , instead of slightly greater, 
a condition which does not occur. Consequently the zones of precipitation are 
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such that Y is at its standard concentration. The following analytical results 

this In ’I’!’ fr0m S ° f T e ° fth ® results P re ^ously given as curves, also illustrate 
® ? rou P 4he results represent analyses made of identical tubes of 
?79 9m dl * usi ° n had proceeded for increasing periods of time, e.g. 24, 120 
1 ’ "l 6 ( .i and 312 . 10urs ’ and show tlle concentration of the internal ion in the 

zone of the precipitate and just beyond it, i.e. before the last formed rin°- has 
much intensified by collection from its neighbourhood. Such figures cannot, of 
uise, be exactly representative of the newness or otherwise of a band,’ or 
xactly of the concentration in a band not very sharply defined, but they serve 

the nr?ctm-t?f°A f K P f ' 3ipita7e ’ results for 1 U greater than C r indicate that 

t}ne precipitate liaci been formed for some time. 


Table II. 


0-5 N AgN0 3 , X, into 0*04 N KoCrO, 


•Front edge of 
precipitate 


[CrOJ A 


Portion of clear 
gel adjacent to 
precipitate 


0*1 M K,Cr 2 0 7 , X, into 0*0075 A 7 AgN0 3 , 

_ , Portion of clear 

Front edge of gel adjacent to 

precipitate precipitate 

[Ag] X 


In view of the results and conclusions so far given, it becomes a simple 
matter to decide what conditions are necessary for the formation of banded 
precipitates or for continuous precipitate, presuming suitablv slight solubilitv 

sfi 6 6 concenfcration of contained ion above the meta- 

stable solubility of the precipitate. 



ppt. front. 


Distance from surface 


1. Continuous precipitate (Fig. 5). 

the reqfsiteTmofmf Irr * ** *?*? f that a sU g ht “dement along OA brings 
‘ L amount of X required for precipitation under C r . Likewise the 

g adient C y must he so steep that [X], in an extremely small distance from 
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the precipitate front, comes to “solubility” concentration under the horizontal 
part of [Y]. This necessitates relatively high concentration of Y and much 
higher concentration of X. Unless G x is really high compared with C Y some hand- 
formation will occur after diffusion has proceeded for some time and the gradient 
of [ X ] has consequently become much less steep. 

2. Banded precipitate ( Fig. 6). 

For the formation of widely spaced clearly separated bands, the gradient 
of [Y] must be relatively flat, so that the next occurrence of the metastable 
limit, which will be for a position of the requisite amount of X under the hori- 
zontal portion of the [ Y] curve, will be some distance away from the last pre- 
cipitate. The clearness of the spaces will depend on the amount of Y left between 
a new band and the previous one, and consequently the concentration of Y [C Y ] 
should be low, this depending on The effect of X in reducing solubility of XY 


ft’ 



Last baml Band forming 

Distance from surface 


and also on the way in which X Y can be absorbed into a band. The spacing will 
depend both on the concentration of Y, which must be low, and on the external 
concentration of X which also must be low (though, of course, higher than 
that of Y) in order that the gradient of [X] shall be flat (as 11 x to 11 2 , Fig. 6). 

As already explained, the spacing can be considered in terms of the diffusion 
of X only with allowance for the effect of \C Y ] on it; i.e. as a balanced con- 
tinuous process. 

With conditions between those for continuous precipitate and for widely 
spaced clearly separated bands, any intermediate type of banding may be pro- 
cured, e.g. rather close bands with fairly clear spaces; close bands 'with “spaces' 9 
filled with precipitate, the bands being only distinct as more intensely coloured 
and more compact; and so on. 

When the gradient of [X] is relatively steep and [Gy] is rather low 7 , there 
will be a tendency for some continuous precipitate to form before the gradient 
of [X] is flat enough to give banding. This is a matter of common observation. 

If the [X] gradient commences rather flat, it is possible that banding will 
commence at once. For example, Fig. 7, Plate \ (1—6) shows the results of 
diffusion of Nj 10, N/2 0, X/30, N/ 40, Nj5 0, N/60, K 2 Cr0 4 respectively into 
X/lOO AgN0 3 in 5 % gelatin (for 64 hours). 

Thus it is possible, allowing for conditions as described, to predict the 
character of band- formation and to adjust conditions accordingly. 




f 
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VIL THE ESTIMATION OF THE ETHYL ALCOHOL 
AND ACETALDEHYDE CONTENT OF APPLES. 

By JOHN CARTER FIDLER. 

From the Botany Department , Armstrong College, Newcastle-on- Tyne . 

{Received April 30th, 1934.) 

The following paper presents an account of the methods used in arriving at 
the alcohol numbers [Fidler, 1933, 1] given in the former papers of this series 
[Fidler, 1933, 1,2; Thomas and Fidler, 1933]. 

Suggestive information has been gained by previous workers (see literature 
quoted by Kostytschew [1927] and Thomas [1925]) as to the progress of alcohol 
production by methods that had not been standardised. Little value, how- 
ever, can be attached to numbers purporting to represent relations between 
alcohol and carbon dioxide production. Moreover, we consider that when, 
anaerobic respiration forms one component of the total respiration it is essential 
to know the accuracy with which the various zymasie products and the re- 
spirable substrates have been measured, before any attempt is made to construct 
a balance sheet. 

The results of this critical examination of a specialised analytical technique 
are presented in summary tables in this paper, and it will be seen that in all 
cases the standard deviations of the results are known. In view ot the detailed 
discussion of the technique that was to be given in this paper, no mention of 
the accuracy of the methods was made in the earlier papers of this series, but 
only significant figures were given in the tables. It will now be seen that we 
are able to determine whether any experimental treatment can be said signifi- 
cantly to have increased the alcohol number of an apple. 

The relation between the actual alcohol number of an apple at the end of 
an experimental treatment to the production of ethyl alcohol and acetaldehyde 
during the period of the experiment is discussed in appendices. 

L Estimation of ethyl alcohol and acetaldehyde 
in physical systems. 

(The results of the different sub-sections are given in the summary Table I.) 

A. In aqueous solutions. 

1. Acetaldehyde . 

{a) By the method of .Ripper [1900]. Ripper’s method is so well known that 
the details need not be given here. It has been tested, using a pure specimen 
of acetaldehyde, purchased from Kahlbaum, and found to be accurate to within 
the limit given by Ripper, namely + 0*3 % . In four trials of the method, using 
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different volumes of an acetaldehyde solution made up from a weighed quantitv 
of the pure liquid, the correspondence between the weighed auantitvTf 1? 7 
aldehyde and the quantity determined by the fixation with sodium hydrogen 

S aMehX 0-1 mg - in quantife ^ g 19 ’ 7 mg. r 3 ^ mg g of 

It may be thought that an error would be introduced into the acetaldehyde 
figure found by this method, due to autoxidation of the sodium hydrogen 
sulphite However usmg^/20 iodine solution in the titrations, no oxidation of 
the bxsulphite solution could be detected in an hour, the liqu d standing with 
a httle air m a corked flask in melting ice. standing with 

in $ F y oxld ? U< ™ With ‘Potassium dichromate. It has been found that acet 
aldehyde may be determined by oxidation with potassium dichromate in add 
solution, the resulting volatile acid being then distilled off and estimated bv 
titration with standard NaOH solution. estimated by 

f , A ,fff s oxidations was carried out with amounts of acetaldehyde ranmno- 
iom O’b to /b-7 mg. under standard conditions, the concentration of sulphuric 

at 5 %Iy wS ^ 2 ‘ 5 % bj V ° W ^ that ° f pot “ 'bichromate 

Aqueous solutions of acetaldehyde of approximately the strengths required 
were standard^ed by Ripper’s method, and 10 ml. were added to each ofthree 
bottles containing 10 g. pure potassium dichromate and 5 ml. pure sulphuric 
acid, dissolved m 185 ml. of distilled water. The bottles were doled by around 
glass stoppers and allowed to stand 18 hours in melting ice, after which the 
contents were transferred to distilling flasks. The liquids were distilled down to 
about 50 ml., and water was then added to the contents of the flask. These 
distillations and additions of water were continued as long as any volatile acid 
distilled over. Each 500 ml. of distillate was titrated with N/10 CO„-free NaOH 

a*aa.“ “ indi ? tor - “ d “““ ™ 

500 ml. of the distillate required an amount of NaOH equivalent to that re- 
quired by a distillation of a mixture of 10 g. potassium dichromate 5 ml 
sulphuric acid and 200 ml. of water. 1 * * * ornate, a ml. 

Tins last titration reading is not included in the calculation of the total 
acidity of the distillates. From the total amount of NaOH required the acet- 

equatfmis COntent °* ^ ° riginal solution was calculated, on the basis of the 


and 


2CH 3 . CHO + O a -> 2CH 3 . COOH, 

CH 3 . COOH + NaOH -> CH 3 . COONa + H 2 0 


and m every case was found to be greater than that found by Ripper’s method 

SrH W \T“ V lu n aCeUracy of Ri PP er ’ s method, it is clear that some 
rabstaiice r? acetie acid is P roduced by the oxidation of acet- 

aldehyde by potassium dichromate in acid solution 1 

Experiments carried out in triplicate in ten different concentrations within 

th! r, an fV- n iCa,t !, f ^ b0Ve gave a mean Percentage excess of acetaldehyde by 
the oxidation method, as compared with Ripper’s method, of 10-1 % 'with a 
standard deviation of 2-51. The results are plotted in Fig. i, where a IhTe hal 
been diawn through the origin, making an angle of 47° 45' with the ac-axis. The 

1 Part of the distillate, carefully neutralised with C0 2 -free NaOH, did not induce turbiditv in 

baryta solution containing barium chloride, so that the excess acidity is not due to SO. or CO 

t may be due to formic acid Conant and Tongberg [1930] have shown that the normll oou^e' 

of the oxidation of acetaldehyde with ceric sulphate and sulphuric acid is to formic acid and claim 

to have demonstrated .-oxidation of acetaldehyde in acid U-ium dichromate sotoion 
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tangent of this angle is 1*101. This means that the values of the abscissae exceed 
those of the ordinates by 10-1 %, This line passes through or very near to the 
points of the figure. The graph further shows that the deviation from the mean 
is of the order of 0*5 mg. in the lower concentrations, and never greater than 
2*0 mg. in the high concentrations. The sections dealing with estimations of 
mixtures of ethyl alcohol and acetaldehyde will illustrate the value of the above 
oxidation method (e.g, see III A). 



Further experiments, in which the concentration of the sulphuric acid was ■ 

increased to 5 and 15 % and the time of oxidation to 3 days at 15°, gave figures 
which did not deviate from the mean value of 10*1 % excess by more than 
2 x s.d., so w r e may conclude that the conditions of the oxidation may be 
allowed to vary within limits. However, all oxidations of acetaldehyde described 
in this paper have been carried out in 2*5 % sulphuric acid for 18 hours at O v 

2. Ethyl alcohol. 

(a) By oxidation with potassium dichromate . Dox and Lamb [1916] describe 
a method 1 of estimating small quantities of ethyl alcohol by oxidation to acetic 
acid and titration of this compound with standard alkali. The method has been 
tested over a range of alcohol concentrations, and the results are given, in 
Table I. The alcohol added was estimated by determination of the sp. gr. in 
a pyknometer, and reference to tables. All oxidations were carried out in 
500 ml. solution, containing 12*5 ml. concentrated sulphuric acid and 10 g. 
potassium di chromate. The oxidation mixture was allowed to stand for half an 
hour at room temperature and then distilled, with repeated additions of water 
to the contents of the flask. The distillates were titrated against A/ 10 C0 2 -free 

NaOH until the figure required to neutralise the distillate from, the distillation | 

of a mixture of sulphuric acid, potassium dichromate and water was reached. 

The fir st, titration reading equal to this is included in the calculation of acidity. 

1 First described by Dupre [1867] and given in Allen [1901]. 
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Table I shows that the mean percentage recovery in sixteen trials of the above 
method, with amounts of ethyl alcohol ranging from 0-0421 to 0-2185 g., was 
100 - 1 , and the s.d. of the method was 0-99. This is a high order of accuracy for 
an organic analysis, and the method is ideally suited to the estimation of ethyl 
alcohol in low concentrations in aqueous solution. 

B. In distillates obtained from steam-distillation 

OF AQUEOUS SOLUTIONS. 

It is pertinent to the present enquiry to know whether distillation in a 
current of steam and condensation of the distillates lead to any Joss of ethyl 
alcohol, or acetaldehyde, from aqueous solutions containing these substances, 
either singly or in mixtures with each other. Details concerning the solutions 
which have been distilled are given in Table I. All solutions were distilled for 
2 hours, the distillates being collected as described in Section III A. 

1. Acetaldehyde . 

It has been found impossible to avoid loss of acetaldehyde in steam-distilla- 
tion, while taking the greatest care to guard against losses. When the acet- 
aldehyde content of the distillate was determined by Ripper’s method, the 
average recovery in fifteen trials, in which the weight of acetaldehyde ranged 
between 0-0012 and 0-0213 g., was 98 % , with a s.d. of 1*97. Using the oxidation 
method of estimation, the average recovery fell to 97'%, and the s.d. rose to 
2-6. This error is of the same order as that introduced by the oxidation. So we 
conclude that, on the average, 3 % of this very reactive substance has been 
lost, possibly by undergoing some chemical change at the high temperature. 
It is possible for the loss to be as high as 8 % in extreme cases, although the 
maximum observed loss was 5-5 %. 

2. Ethyl alcohol . 


Seventeen trials of the effect of steam on ethyl alcohol solutions were carried 
out. In these the weights of ethyl alcohol varied from 0*0466 to 0-1718 g. The 
average percentage recovery was unaffected by the steani-clistillation treatment, 
and the errors of estimation appeared to be of the same order as those recorded 
under A (2). 

3. Mixtures of ethyl alcohol and acetaldehyde. 

Mixtures of standard solutions of these substances in different proportions 
were distilled and the distillates worked up by the standard method described 
in Section III A. We now encounter for the first time in this discussion varia- 
tions in the estimates of the “ alcohol number.” The standard method, it will 
be seen later, gives a direct measure of the acetaldehyde content and the alcohol 
number, but the ethyl alcohol concentration is given by the difference between 
these figures and should therefore be subject to a variation which is a function 
of the separate variances of the acetaldehyde and alcohol number figures. It is 
therefore all the more gratifying to find that the mean recovery of ethyl alcohol,, 
as found by difference, was of the same order as that in the modified Dox and 
Lamb estimation (A (2)) and the standard deviations of the two sets of figures 
were essentially the same. 

The figures in Table I provide evidence that the presence of ethyl alcohol 
does not affect the recovery of acetaldehyde in a steam-distillation. 

Biocbem. 1 934 xxviii 7 1 
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II. Estimation of ethyl alcohol and acetaldehyde 
in biological systems. 

Since it was uncertain whether ethyl alcohol and acetaldehyde could be 
recovered quantitatively from biological material by a steam-distillation tech- 
nique, a series of experiments was carried out on the recovery of known quan- 
tities of these substances from sliced apple tissue. 

The sliced tissue (York Imperial, Newton Wonder or Bramley’s Seedling 
apples) was well washed and mixed, and to separate 100 g. samples were added 
definite volumes of standard solutions of ethyl alcohol or acetaldehyde. The 
results are given in summary in Table II, and are discussed in some detail in the 
subsections below. No appreciable differences could be detected between the 
basal ethyl alcohol or acetaldehyde contents of separate 100 g. samples of the 
mixed tissue, using the analytical methods described under III A. The tissue 
•was freshly prepared for each series of experiments. Usually four tests were 
made of any given concentration of the substance studied. All the mixtures 
stood half an hour at room temperature in a closed distilling flask before the 
current of steam was started. A distillation time of 2 hours was taken as the 
standard, and the figures in column 9 of Table II indicate that such a period 
is a satisfactory one. 

The knowledge obtained from the results of the experiments described in 
I B is very necessary, because at the present time it seems that steam- distillation 
appears to be the best method of recovering ethyl alcohol and acetaldehyde 
from plant tissues, and especially from apples, in a short enough space of time 
to preclude secondary changes. 

(A) Acetaldehyde and ethyl alcohol supplied singly. 

A comparison of the mean percentage recoveries of either of these two sub- 
stances in purely physical systems and in the presence of apple tissue (Tables 
I and II) shows that there are no striking differences between the two sets of 
figures.. (In the case of ethyl alcohol the two means are identical.) There 
appears, however, to be more swing about the mean in the figures obtained 
from the biological systems. Thus, in the ease of the recovery of acetaldehyde, 
the estimated s.d. of the mean has risen from 1-97 to 2*44, and similarly for 
ethyl alcohol from 1*09 to 1*56. Thus the maximum deviation to be expected, 
as a pure matter of chance, once in every twenty estimations, has risen from 
4 to 5 % for acetaldehyde, and from 2 to 3 % for ethyl alcohol. 

(B) Mixtures of acetaldehyde and ethyl alcohol. 

The alcohol number . In estimations of products of zymasis in fruits, where 
the size of the sample is so large that sampling errors can be neglected (a state 
of affairs rarely realised), the results of this subsection will be the most important. 

We will consider at this stage only the estimates of the s.d. given in column 16 
of Table II. These estimates have been calculated by the same formula as used 
in the earlier subsections and are comparable with those given in Table I. 
Although the mean recovery of either acetaldehyde or of ethyl alcohol is not 
altered by the presence of the apple tissue during the distillation, there is 
greater deviation from this mean value. Thus the estimated s.d. has risen in 
each instance. Our published results deal with the alcohol numbers of apples, 
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and if perfectly even sampling is assumed, it will be seen from the s d of the 
alcohol number that a deviation of 4-66 % from the true value is to be expected 
once m every twenty estimations as a matter of chance. ‘ 1 

nf ,F P FF 6 P re ® eilt > our studies have not necessitated an accurate knowledge 
of the ethyl alcohol content of tissues (as distinct from the alcohol numbers) 
but were we to calculate these figures from the percentage figures for acet- 
aldehyde and the alcohol number, we should expect the odds against any figure 

JmS<5o“ “ ’ % fr ° m tr “ 19 : 1 neglecting 


III. Variations between small samples. 

The data given m the previous section are of use in demonstrating that the 
projected method is applicable to the assay of alcohol numbers of apples. The 

obtFFFF-fh fi Use> , howe . ver > in analysis of actual experimental results 
obtained with whole apples, since the errors introduced by random samplino- 
greatly exceed the errors in the analytical technique. Estimates of total errors 
(which include sampling errors) for samples of two apples each have been ob- 
tained for two varieties of apples. The experiments described in Nos IV V 
and ^ of this series [Fidler, 1933, 1, 2; Thomas and Fidler, 1933] were done 
with samples ranging from one to three mature fruits, for reasons given in the 
sixth paper. Thus the samples for the experiments described in this section 
were of two apples each. As wifi be seen later, it is easy to calculate the error 
for a sample of any other size. 

A F T able m> and are discuss ed in Subsection B. 

Acetaldehyde and ethyl alcohol were formed in the apples by exposing them to 

y SZnif f/ summarised in Table III, in the apparatus described 
by Fidler [1933, 1] for definite lengths of time. The experiments were arranged 

F,f 0 TF f F 1 ! 101 com P rised three comparable samples of two apples 
each. At the end of the experimental treatment, the separate samples of each 
gioup were distilled and the acetaldehyde and ethyl alcohol contents of the 
distillates determined in the manner described in Subsection A. 

inpW! f fi? Ur + eS glTen , in , T F >1 ? 111 for eth y 1 alcohol and the alcohol number 
include the transpired alcohol, as did the figures in the earlier papers. This 
transpired alcohol is determined as described in Appendix II 1 

. J lle ri a £ ples r w 1 ere from tlle Population stored for our use bv Dr Cyril West 
at the Ditton Laboratory, East Mailing, Kent, during the season 1932-3. 

A. Apparatus and method. 

removal of the apples from the experimental conditions, the alcohol and ac-et- 
Thomat e [1925] ******** by Steam ’ distmati ° n in the apparatus first used and described by 

Passing through the stopper of a 2-litre flask, containing 1500 ml. water, is the narrow stem 

tr-miith 7 m ’ F m ' by , 2 - the t0p ° f Whi0h is in communication by means of a splash 
Lttn F u T," 1 ' COn<lenser of the double surface type. The cyhnder is weU lagged with 

flask to wdtl L7 ° 0nd fT T “ “ turn connected *° a tube Passing through the stopper of a 1-litre 
flask to vrthm im of the bottom. This flask is connected to a second similar receiver. Each 
coma contains oO ml. distilled water and stands in a trough filled with melting ice 

theflalkishoncF ?fr US * di8COnneoted at the t®P ®f to® gla^ cylinder, and the water in 

cut “ h n t |T “Tf 8team haS heat6d th6 WaUs ° f the The apples are now 

cut, each into eight pieces, and dropped into the cylinder, where they are retained by a circle of 
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perforated zinc, the edges of which are hound with rubber. The apparatus is immediately re- 
connected and distillation proceeds for 2 hours. 

When the distillation is completed, the distillates ^are combined and made up to 1 litre with 
water. Half of this liquor is used for the determination of acetaldehyde by Ripper’s method 1 
and the other half is oxidised by the addition of a solution of 15 ml. concentrated sulphuric acid 
and 25 g. potassium dichromate in 85 ml. water. The oxidation is allowed to proceed for 18 hours 
in ice. The conditions may be allowed to vary a little, as indicated in Section X A 1 (a), which 
also describes the method of distillation of the oxidation-liquors. It is advantageous to use 
Claisen flasks for these last distillations, and it is important that no traces of colour should be 
present in the acid distillates. The liquid in the flasks should be distilled to small bulk (about 
50-60 ml.) after each addition of water. In this way it is found that three additions and evapora- 
tions of water will suffice to carry over very large amounts of volatile acid. 

The calculations of the ethyl alcohol content, and the alcohol number are 
carried out in the following manner. 

Let A = ethyl alcohol content of the distillate. 

Let B = acetaldehyde content of the distillate (by Ripper’s method). 

Then the ethyl alcohol equivalent of B —jtB. 

On oxidation, B will yield volatile acid equivalent to ^ x~ B , expressed 
as ethyl alcohol. 

C, the total ethyl alcohol equivalent of the distillate from the oxidation 
=A + (jJx||.b) or, A = <7-1-051?. 

The alcohol number = A +^B=A +0-96 B. 

4b 

Of the two alternative methods of approach to the problem of estimation 
of ethyl alcohol in the presence of acetaldehyde, namely (1) removal of the 
acetaldehyde as the initial step in the analysis, and (2) oxidation of the whole 
solution after estimation of the acetaldehyde fraction by Ripper’s method, the 
second has not previously been used. Despite numerous criticisms, it has been, 
the universal practice of workers studying the course of fermentation to follow 
the first procedure. The acetaldehyde has been removed by, e.g. sodium hydrogen 
sulphite [Kostytschew and Hiibbenet, 1912], or m-phenylenediamine hydro- 
chloride [Neuberg and Hirsch, 1919]. The solutions are boiled under a reflux 
condenser to ensure condensation of the reagent with acetaldehyde, neutralised 
and evaporated at reduced pressure to remove the ethyl alcohol, which is con- 
densed, or collected in sulphuric acid [Thomas, 1925]. The latter is probably the 
better practice. 

Tomoda [1929] reviewing these, and related methods, describes them as 
"'tedious and troublesome in manipulation” and states that loss of ethyl alcohol 
or incomplete removal of acetaldehyde may readily occur. 

1 Estimations of acetaldehyde in the presence of HCN and H 2 S . As yet unpublished work by 
Thomas in 1929-31 and Thomas and Fidler during 1931-3 on the effect of HON and H 2 S on 
zymasis by apples necessitated slight modifications of Kipper’s method. The blue end-point with 
starch and iodine is impermanent in the presence of HCN, and practice is needed in order to 
judge the correct end-point. With care, however, this may readily be done. The question is more 
involved, however, in the , presence of H a S, for iodine is reduced by H 2 S. Our procedure when 
the distillates have contained this substance lias been to oxidise one-third only, using one-third 
for the estimation of H 2 S by titration with iodine. An amount of N! 20 iodine equivalent to that 
used in this titration was then added to the third portion of the distillate, oxidising the H a S. 
H 2 S thus being removed, the estimation of acetaldehyde proceeded in the normal manner. 

* From. Fig. 1. 
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B. Results. 

The results of the experiments on Newton Wonder and Bramley’s Seedling 
apples are given in Table III. 

When the estimates of s.d. given in Table III are compared with those given 
in column 17 of Table II, it is immediately evident that random sampling has 
introduced an error greatly in excess of that due to the actual estimations. 

From Table III it is seen that there must be very great differences between 
the values for any zymasic product in different samples of two apples each, 
before it can be said with certainty that the values are significantly different. 
Thus e.g. the alcohol numbers of two samples, each of two Bramley’s Seedling 
apples, from different experimental conditions, must differ by more than 23 % 
before we are certain that the different conditions of the experiments have 
resulted in different values for the alcohol numbers. 

Fortunately, there exists a well-known method for reducing the error intro- 
duced by random sampling. If the s.d. of a single observation is known, then 

the s.d. of the mean of n observations from comparable samples is ~ . This 

formula may be used in another way. Thus the s.d. of a sample of N apples, 

when the s.d. of a sample of size n is known is given by s.d. v = -w= • If p -9- 
x V A jn 

the sample size is increased to 20 apples, the s.d. of a single observation will 

be reduced to a value which is —4= times that of an observation from a sample 

V10 

of two apples. 

The values for columns 14 to 21 of Table III for a sample of N apples may 
be found by multiplying the values given in the table by - 7 = . It will be seen 

V A'/li 

that the s.d. of an observation from a sample of 20 apples is relatively small. 
If the standard size of the sample were increased to such a great extent, it would, 
of course, be desirable to redetermine by experiment the value of the s.d. 

Summary. 

1. Commencing with the estimation of acetaldehyde and ethyl alcohol in 
purely physical systems, and then passing to biological systems, a technique 
has been evolved which is applicable to the assay of these substances in apples. 

2. The standard deviations of the method described have been determined. 

3. The method finally adopted is fairly rapid, and its accuracy is sufficient 

for the work reported in previous papers. # . 

4. In brief, the method consists of a preliminary steam-distillation tor 
2 hours to rid the fruit of ethyl alcohol and acetaldehyde. Half the distillate is 
then oxidised to acetic acid, giving a measure of the alcohol number, while the 
acetaldehyde in the other half is estimated by Ripper’s method. The ethyl 
alcohol figure is found by subtraction. 

5. Apples should be distilled as soon as possible after removal from experi- 
mental conditions, as otherwise losses of zymasic products may occur (see 
Appendix I). 


ZYMASIS IN APPLES 1117 

The alternative procedure of oxidising the whole solution has the merit of 
being simple in manipulation, involving only those operations which would be 
necessary in estimating the alcohol content of a solution were it first of ail freed 
from acetaldehyde. Little apparatus is necessary and, since the oxidation pro- 
ceeds overnight, no time is lost. 
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Table TV . The change in concentration of acetaldehyde in apple tissue . 


Variety of 

State of 

Condition 

No. of hours 
during which 
mixture of 
acetaldehyde 
and apple 
tissue was 

Amount of acet- 
aldehyde present 
in system (g.) 

* , 

At be- 
ginning At end 

Per- 
centage 
loss of 
acet- 

Whether 
or not 
the loss 
is a sig- 
nificant- 

apple 

apple 

of exp. 

exposed to air 

of exp. 

of exp. 

aldehyde 

one 

York Imperial 

— 

Acetaldehyde 

0-5 

0*0092 

0*0093 

Nil 

___ 

9 9 

— 

added in, soln. 

0- 5 

0*0305 

0*0277 

9*1 

Yes 

99 

— 

,, 

0*5 

0*0183 

0*0175 

4*5 

No 

99 

— 

,, 

0*5 

0*0124 

0*0117 

5*6 

No 


Senescent 

,, 

24 

0*0266 

0*0205 

23*0 

Yes 

9? 

91 

>* 

44 

0*0325 

0*0166 

49*0 

Yes 

Newton Wonder 

Young 


48 

0*0362 

0*0334 

8*5 

Yes 


99 

Acetaldehyde 

72 

0*0033 

Nil 

100*0 

Yes 


4 months 

formed in N 2 
Acetaldehyde 

97 

0*0034 

0*0001 

97*0 

Yes 


in store 

11 

5 months 

formed in 70 0 
C0o-30 % 0 2 

0 

97 

0*0046 

0*0012 

74*0 

Yes 

,, 

ii 

72 

0*0104 

0*0085 

18*2 

No 


in store 

9 9 

7 months 


72 

0*0225 

0*0136 

39*1 

No 



48 

0*0275 

0*0111 

59*6 

Yes 

Winesap 

in store 


72 

0*0140 

0*0106 

24*3 

No 

Lord Suffield 

Very 

ii 

73 

0*0320 

0*0147 

54*0 

Yes 


young 

19 

101 

0*0097 

0*0034 

64*9 

Yes 


Appendix II. 

Transpiration losses. 

A. Ethyl alcohol. Earlier workers on the subject of carbon dioxide : alcohol 
ratios realised that the experimental material may lose ethyl alcohol by transpi- 
ration. Kostytschew in Ms text-book [1927] cites the use of an ice-cooled wash- 
bottle containing distilled water to trap ethyl alcohol. In the researches already 
described in this series, concentrated sulphuric acid has been used successfully 
for this purpose. 

1. Method. 

As described in an earlier paper ["Fuller, 1933, 1], the gas stream issuing from the fruit chamber 
passed through a wash-bottle containing 50 ml. of concentrated sulphuric acid. This treatment 
was shown to rid the gas of all appreciable amounts of ethyl alcohol, the method being checked 
as follows. A solution of ethyl alcohol in water was standardised by the oxidation method, and 
definite volumes were measured out into wash-bottles. Air was bubbled through each of these 
bottles at about 3 litres per hour, for definite time periods at room temperature (12-15 ). The 
issuing air passed through each of two wash-bottles containing 50 ml. of concentrated sulphuric 
acid. The results are given in Table V . 

Table V shows that all the ethyl alcohol escaping from the solution is trapped 
in the first wash-bottle containing sulphuric acid. The original Dox and Lamb 
[1916] aeration method of estimating ethyl alcohol made use of the formation 
of the non-volatile ethyl hydrogen sulphate in this manner. 
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Trapping of ethyl alcohol in sulphuric acid. 


Amount of ethyl alcohol 
in wash-bottle (g.) 

y _ 

Loss of ethyl 
alcohol from 
wash-bottle 
(g.) 


Ethyl alcohol trapped in 
sulphuric acid (g.) 

K 

JL ~ 5 

Net loss or 

Beginning of 
aeration 

End of 
aeration 

Period 

(days) 

First 

wash- 

bottle 

Second 

wash- 

bottle 

gain of ethyl 
alcohol 

(g.) 

0-18S0 

0-1880 

0-1880 

0-1880 

0-1880 

0-1880 

0-1022 

0-1290 

0-1650 

0-1650 

0-0924 

0*0819 

0-0858 

0-0590 

0-0230 

0-0230 

0-0956 

0-1061 

3 

3 

1 

1 

5 

5 

0-0853 

0-0605 

0-0230 

0-0248 

0-0943 

0-1055 

Nil 

9 ? 

-0-0005 
+ 0*0015 
Nil 

+ 0-0018 
-0-0013 
- 0-0006 


2. The ratio alcohol content : alcohol escape. 

There is no need to give a detailed account of the magnitude of the escape 
ot ethyl alcohol from apples, but a few examples will be of interest in indicating 
tne values we have observed. 

In our experiments on Newton Wonder and Bramley’s Seedling apples at 23° 
urmg 1930-33, the mean value for the transpired alcohol was 8 % of that 
contained m the apple. During November and December 1933, an experiment 
was carried out on Stunner Pippins in nitrogen at 20°. When the ethyl alcohol 

Sr 1 !/ °l t M u iSSU ,f ll f d 1 risen t0 0-2 % ( after 12 da y s ) the escape totalled 
u-OUb /0 , but when the alcohol content reached a value of 0-6 % (after 45 days) 

the escape totalled 0-076 %, or 15 % of the content. This figure has been 
exceeded with Bramley’s Seedling apples. 

Thus large errors may be introduced if no account is taken of ethyl alcohol 
loss by transpiration. 

B. Acetaldehyde. We have, as yet, few figures for acetaldehyde escape, but 
such as we have indicate that there is little probability that appreciable error 
would be introduced into the alcohol figures by this means 
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CL. THE EFFECT OF THE OXIDATION- 
REDUCTION POTENTIAL OF THE MEDIUM 
ON THE GROWTH OF TISSUE CULTURES. 


By ROBERT EMLYN HAVARD 
and LAURENCE POLLARD KENDAL. 

From the Department of Experimental Pathology and Cancer Be search. 

The University of Leeds, 

(Received March 14th , 1934.) 

The peculiarly high aerobic and anaerobic glycolysis of malignant cells suggests 
that they may be able to survive conditions of anoxaemia which are fatal to 
normal tissue cells. Warburg et al. [1924] have suggested the possibility of a 
connection between the increased power of glycolysis shown by tumour cells 
and their irregular and unrestrained growth. It becomes therefore of some 
importance to know how normal and malignant cells behave when given a poor 

oxygen supply while growing in vitro. The point has been studied by several * | 

workers, but their results have been conflicting. 

Wind [1926] found that the Rous chicken sarcoma could grow under strictly 
anaerobic conditions which inhibited the growth of 10-day chick embryo heart 
tissue. Wright [1928] also found that malignant cells grew and divided at lower 
oxygen pressures than that in which normal embryonic tissue could grow; but 
he'did not find that malignant cells would grow under strictly anaerobic con- 
ditions. He gives the lowest partial pressure of oxygen at which mitosis occurred 
in each tissue he examined, as follows: 

mm. 0 2 

Embryo chick heart 12 

Sarcoma (J.R.S.) 6 

Carcinoma (M 2164) 3 

Fischer [1928] came to the opposite conclusion and reports that malignant 
cells survived less well under low pressures of oxygen when compared with 
normal cells. 

While our experiments were in progress Laser [1933] published a paper in 
which he stated that if a culture of normal embryonic tissue were first allowed 
to grow for 24 hours in a normal atmosphere, it would then continue to grow 
well for several days under strictly anaerobic conditions. One or two experi- 
ments made to test this, reported later in this paper, do not support his con- 
clusions. 

It occurred to us that possibly the growth and division of tissue cells m such 
experiments might be governed more directly by the oxidation-reduction 
potential of the culture medium than by the concentration of oxygen in the 
gas phase. That the oxidation-reduction potential of a culture medium might 
have a real biological significance is suggested by the studies ol Knight and 
Fildes [1936]. They found that germination of the spores of tetanus bacilli 
occurs only on the negative side of a certain very definite oxidation-reduction 
potential of the culture medium (E h = 1 10 mv, when the p K of the medium = 7*6). 
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« ™ bTbftste 1 T ty°"7r7 » 

*k« «. at My required level by SJS ‘*JS T *° 
^iousof^u.W^ 

MioWlk iQQm t+ • T • 7, 136 about 10 4 atmospheres [Clark, 1928- 

lViicnaeiiSj 1930]. It is obvious therefore that the oxygen used * 

level of f!! k tlh , e f“ tl0n ° f tetanus spores took place when ascertain 

a of LdL°12kS.7™SL"f“* d “ ie b >’ •*“ 

the gas or of the solution. We have indeed no direct evidence^hatEh 6 ° f 
thepossdbihty stimulated the performance of this series ofexpe^cnS ^ 

from ^t h e* ernh SG f aper IS t0 record how the g rowth and division’ of cells 

whShh isTusuended Trfff ?* 7 ^ corre ! ated with ^ ^ of the medium in 
between the growth of ttrmour ceKnZthe ifcofi reTuwTiTum”’ 61 ^ 011 

Experimental. 

Preparation of medium and cultures 

» ^ ir-jssst S f 

sss* ■»— * & 

to i7a»dX°MS3 “r *z of * *■* 

«~‘d ™ p» ts t t 

made up of 25 °/ pmWn m n/ a ^ clot} - **> ml. of a solution 

placed in a small° beaker 6*5 om h m i /o ? eri !^ ail( * ^ % Tyrode solution were 

the covershp cuLres were th^ iff ? iameter ° f 3 ‘ 3 cm - Three of 

on the bottom and leaning avaim^+l 111 If 6 )eaker ’ standing on their edges 

The beaker was then closed bv the rnKh^f “ an almost vertical position. 

closed by the rubber bung carrying the electrodes, gas 
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inlet and outlet tubes and agar bridge. The whole of the above process was, 
carried out with sterile fluids and apparatus and under strictly aseptic con- 
ditions. The bung with its appurtenances was autoclaved while supported in 
the mouth of a boiling-tube half-filled "with distilled water. Just before placing 
the bung in the culture vessel the tip of the tapered end of the agar bridge, 
which had been sealed, was broken off so that the KCl-agar might make contact 
with the medium in the beaker. The outer ends of the gas inlet and outlet tubes 
were tightly plugged with cotton wool (Fig. 1). 



Fig. 1. 


Preparation of the gas stream . 

Nitrogen containing 2*5 % carbon dioxide was obtained from the British 
Oxygen Co This mixture contained about 0-2 % of oxygen, which was removed 
by passing the gas through two sintered glass wash-bottles containing a solution 
of chromous chloride. This has the advantage of absorbing the last traces of 
oxygen without affecting the carbon dioxide [Warburg and Christian, LW1J. 
Unpurified nitrogen and 2-4 % carbon dioxide from another cylinder were added 
to the stream of purified gas as required for purposes of poising the potential 
A mixture of air with 2-5 % carbon dioxide was passed through the control 
vessel. With this amount of carbon dioxide the p H of the media remained at 

ab °Both gas mixtures were passed through wash-bottles containing 0-9 % NaCl, 
which were kept at body temperature in the incubator. The gas was thus 
saturated with water vapour, and all danger of evaporation of the media was 
avoided. An open side-tube, at a point just before the gas entered the experi- 
mental vessel, dipped into water and served as an escape valve. The pressuie 
of gas passing through the culture vessel could be nicely adjusted by vaiymg 
the depth of the water. Rubber connections were reduced to a minimum and 
made where necessary with short pieces of pressure tubing. 
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Electrical measurements. 

The E h of the culture medium was measured by determining the potential 
set up on metal electrodes immersed in the solution. The circuit Ls completed 
by a half-cell formed by a bright platinum electrode immersed in A/10 Ty2 0 
chloric acid saturated with quinhydrone; the half-cell was connected to the 
culture vessel by a saturated KCl-agar bridge. The quinhydrone A/10 HC1 
half-cell was used because it is easy to prepare and it will give a potential which 
is reproducxble with considerable accuracy [Morgan et al, 1931] The potenS 
of this half-cell was taken to be +623mv. [Clark, 1928, p. 420]. The\ise of a 
saturated KCl-agar bridge introduced unavoidable errors of 2-3 mv rMachSm 
1S s ™ous for experiments involving differences of the order 
of 10 mv. The metal electrodes were carefully cleaned with hot chromic acid 
before each experiment by the method described by Morgan et al fl9311 T 
was very necessary to ensure consistent behaviour of the electrodes in such 
poorly poised solutions as the media used. It is important to avoid taking any 
current from the metal electrodes, which are very easily polarised especially hi 
poorly poised solutions. For this reason the use of a static eleetromcj £ 
essential. The Lmdemann electrometer proved to be very convenient and satis 
factory. It was set up in the form used by Iverridge [1926] for measurements 
with the glass electrode. Two or more independent metal electrodes were used 
in each vessel An mdividua electrode, apparently perfect, will sometimes be 
very inaccurate m these poorly poised solutions. It then has to be discarded 

In the early experiments both gold and platinum electrodes were used in 
each vessel. Dixon and Quastel [1923] have pointed out that in some sulphur- 
contammg oxidation-reduction systems gold and platinum electrodes may be- 
have differently. In our experiments the gold and the platinum electrodes 
behaved alike showing that the readings were not complicated by the presence 
of the anomalous systems described by Dixon and Quastel. In the later expert 
ments only platinum electrodes were used. The electrodes were formed of thin 
platinum foil, 2 cm.- in area, which were welded on to a short piece of platinum 
wue The platinum wire was fused on to a piece of copper wire and was then 
fused into a glass holder with sealing-in glass. 

In the early experiments a glass electrode (Haber’s bulb form) was also 
immersed m the culture medium. The bulb of the electrode was blown from the 
special glass recommended by Maclnnes and Dole [1930], It was obtained from 

Ar/°irPwn mg p lass Yo 5 r k ( No - 015 )- Tlle S lass electrode contained 

A/10 HC1 and was fitted with a A/10 HC1 quinhydrone half-cell. Special pre 

cautions were taken to ensure perfect insulation. By this means it wls possible 
to determine whether there was any gross change of reaction of the culture 
medium during the experiment. If bacterial infection developed the medium 
turned rapidly acid (at the same time the E h would be rapidly lowered) but in 
an uninfected culture the p remained practically constant for the duration of 
the experiment. Therefore, for the sake of simplicity, the glass electrode was 
discarded m the later experiments. The p K of the medium was determined at 
the end of each experiment. In an uninfected experiment, in which the 2-5 °/ 
carbon dioxide mixtures were used, thep H was always about 7-4. In an infected 
culture it hud often fallen to below 7*0. 

On passing the oxygen-free nitrogen and carbon dioxide mixture through 
the culture medium, the potential of the metal electrode, and therefore the If 

ft™’ fd m ° re ° r * eSS ra P id1 ^ If the unpuriiied nitrogen Sme was 
added to the gas stream as the required potential was approached the falii| 
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was checked. By varying the rates of flow of the oxygen-free and the unpurified 
mixtures the E& could be poised at the required level. The culture medium in 
this respect behaved like the media used by Knight and Fildes [1930]. 


Experimental procedure . 

The cultures and electrode vessels, having been assembled, were placed in 
the incubator, and the electrical connections were made to the electrometer 
leads and to the standard quinhydrone half- cell. After allowing 30 mins, to 
1 hour for temperature equilibration, the first potential measurements were 
made. The gas flow was then started;, through the experimental vessel 0 2 -free 
nitrogen with 2*5 % C0 2 ; through the control vessel air with 2-o % C0 2 . 

It was found that violent bubbling of gas through the fluid medium had for 
some unknown reason a deleterious effect upon the cultures. The reason for this 
is not clear, but it may be related to the fact that the growth- promoting power 
of embryo extract [Carrel, 1913 ] and of serum [Carrel and Ebeling, 1922] is said 
to be diminished by shaking. Whether this is an oxidation or merely a mechanical 
inactivation is not known. It was necessary, however, because of this pheno- 
menon, to allow only a short spell of rapid bubbling to remove oxygen from the 
fluid and space above it, and then to cut down the rate of flow until the amount 
of agitation of the fluid was quite small. Throughout the experiment care was 
taken that the rates of flow of gas through experimental and control vessels were, 
as far as could be judged, the same. When the potentials registered by the 
electrodes in the experimental vessel had fallen almost to the desired level, 
unpurified N 2 , i.e. N 2 containing a small quantity of oxygen, was introduced 
into the gas stream, and the rates of flow of purified and unpurified gas were 
adjusted so that the potentials came to and remained at this level. The experi- 
ment was continued for 40-48 hours, the gas flow in the experimental vessel 
being adjusted when necessary to maintain the constant potential. After 
40-48 hours the coverslips were taken out of the vessels and the cultures, 
experimental and control, fixed in Bonin’s fluid, stained with Mayer’s haemalum, 
and examined. The p H of the fluid medium was determined, at 38°, with the aid 
of a glass electrode of the Stadie type [Stadie et al ., 1931 ]. 


Results. 

Fig. 2 shows the potentials which were observed in a typical experiment. 
Each curve relates to a single electrode, and in this experiment the gas flow 
was adjusted to maintain the E\ x indicated by the electrodes in the experimental 
vessel at about 20 mv. It will be noted that the variation between the potentials 
of the three electrodes in the experimental vessel covers a range of about 
20-30 mv., which is sufficiently small for the purposes of this work. In the 
control vessels the agreement is not quite so good. This might be expected where 
a considerable amount of oxygen is present. During the first 24 hours of the 
experiment there is a gradual drift of the potential to a more positive value. 
These characteristics were observed so consistently in all the experiments that 
in many of the later ones it was not considered necessary to make potential 
measurements in the control vessel. 

Experiments were discarded in any of the following circumstances. (I) When 
there was marked disagreement between the behaviour of the electrodes in the 
same vessel. (2) When the E h during the course of the experiment showed wide 
fluctuations owing to imperfect adjustment of the gas stream. (3) When the 
culture medium showed evidence of bacterial infection. (4) It for any unknown 
reason the control cultures did not grow well. 





1126 


H E. HAVARD AND L. P. KENDAL 


. ^ le ^Mowing experiments we consider to be free fmm a * x , 

in whioh tlie ^ was maintained at + 120 my one in which it V ■ °i 

at +20 my., one at -30 my., and two at -1W)L ! T maintained 

activity of the cultures may be obtained by reference to ' Table T To^ obtain the 


• 2. 33. Eh = about + 20 mr. 


Eh “ 
+360 - 

+320 - 

+280 - 

+240- 




. -©- 


-e---© 


+160 


+120 


6 * » '« l8 , » a xrioirt* i ,i U 

Time : hours 


Pig. 2. Continuous line, experimental vessel. Broken line, control vessel 
’ P,atmum electrodes. ©_©, Gold electrodes? 


Table I. 


No. of 
exp. 


E\i of 
medium 
(mv.) 

+ 120 


+ 120 


+ 20 


30 


- 100 


- 100 


Areas in mm. 2 


Area of 
explant 
A a 


Exp. 

Contr. 

Exp. 

Contr. 

Exp. 

Contr. 


►•27 

•34 


( 0*2 
(0*3 
fO-42 
( 0*37 

0-58 
0-67 
0*57 
f 0*33 
10*57 

(0*44 
(0-45 
0*54 

Exp - {tit 

Contr. {f.|| 


Area of whole 
culture 
A 2 
1*87 
2*38 
5*57 
o*8o 

2*63 

2*73 

2*23 

4*78 

5*04 

1*07 

1*91 

7*62 

1*06 

0*81 

15*25 

13*05 


Exp. 

Contr. 


Area of 
outgrowth 
A 2 — A x 
1*60 
2*04 
5*15 
5*48 

2*05 

2*06 

. 1*66 

4*45 

4*47 

0*63 

1*33 

7*08 

0*42 

0*12 

12-91 

11*10 


7 a ^ ew cells have migrated out 
5*93 5*00 

4*72 3*75 

4-96 4*10 

3*38 2-80 

Exp. Only a few cells have migrated out 
Contr. Cultures infected 


Mean area of 
outgrowth of 
exp. culture 
as % of that 
of controls 

34 
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figures recorded in this table the fixed and stained cultures were placed under 
the microscope, and with the aid of a drawing eye-piece the outlines of the 
central fragment and of the whole culture were traced on to a sheet of paper. 

The areas outlined on the paper were then measured with a planimeter, and 
knowing the magnification, the actual areas of the cultures were calculated. 

These are given in the table in mm. 2 For the purpose of comparing the growth 
of experimental and control cultures the area of the outgrowth has been used. 

This is given by the difference between the area of the whole culture, A 2> and 
that of the central fragment, A x . It was thought that this would b$ a" truer 
representation of the activity than the fraction AJA 1 which is often used. 

A. ± in the latter expression ought really to be the original area of the explant, 
but the area of the explant when measured at the end of the experiment is 
sometimes, especially in well-growing cultures, considerably greater than its 
initial value. This is very noticeable in Exp. 4 in the table. When the difference 
A 2 — A 1 is considered, however, the error due to this uncertainty about the true 
original area is much diminished, because A 1 is small compared with A 2 . The 
final column of the table shows the average outgrowth of the experimental 
cultures expressed as a percentage of that of the control. It should be pointed 
out that in addition to diminution in the area of outgrowth in the series, there 
is at the same time a very marked decrease in the density of cell population in 
the outgrowth. This factor cannot conveniently be gauged numerically, but 
because of it the nett effect of reducing the Eh of the medium is really much 
more marked than the figures in the table suggest. 

The apparent Eh in the control vessels was always of the order of +280 
to +360mv. When the E h was maintained at +120mv., the activity of the 
cultures was already markedly inhibited but was still considerable. In the 
two experiments the areas of outgrowth were 43 and 34 % respectively of 
those of the control cultures. Mitoses were still occurring at this Eh , as many 
as 19 being observed in a single culture. Examples can be seen in Plate VI, fig. i. 

The appearance of the cells was not different from that of the control seen in 

Plate VI, fig. 2, though the number of mitoses was much smaller. „ 

At an Eh of +20 mv. a much greater inhibition of activity was evident. The 
area of outgrowth was only 12 % of that of the controls and was more sparsely f I 

populated with cells. The condition of the cells was still fairly good, and there II 

were one and four mitoses respectively in the two cultures (Plate VI, fig. 3). || 

One or two of these appeared somewhat abnormal. , j 

At — 30 mv. the outgrowth was even smaller, only 2-3 % of that of the M 

controls, but it cannot be said that activity was completely inhibited. There : ] 

were no mitoses; the cells were heavily vacuolated and appeared to be on the 

verge of degeneration (Plate VI, fig. 4). , ] 

At — 100 mv. only a few cells had migrated from the explant and it seems 
possible that this migration had occurred in the early stages, before the strongly 
reducing character of the environment had had time to overcome some innate 

capacity of the cells for resisting. Nevertheless the condition of the cells in ; 

the experimental cultures (Plate VI, fig. 5) appeared to be better than that shown 

in Plate VI, fig. 4. The reason for this is at present obscure. | 

The general result was therefore that when the potential indicated by the 
electrode was +20 mv. or more positive a considerable amount of activity was 
permitted. Even at a potential of +120mv. there was a marked inhibition of 
growth, and this inhibition had reached a maximum at - 30 mv. There was little 
difference, if any, between the amount of activity at - 30 mv. and that at 
- 100 mv. Even at these low levels some of the cells retained a limited power of 
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migration for a few hours at any rate, and did not appear to be killed within 
the time of the experiment. 

Inhibition of mitosis appears to be complete at a potential which is rather 
more positive than that necessary for maximum inhibition of migration. Mitosis 
has almost completely ceased' at 4-20 mv., and was not observed at —30 mv. 

In some of the experiments at potential levels below 4-120 mv., the cells 
of the experimental cultures showed heavy vacuolation and distortion of nuclei 
suggesting imminent degeneration. These appearances were not however suffi- 
ciently regular to be related to the potential level. They must at present be 
ascribed to some unknown and as yet uncontrolled variable in the environment 
of the cultures. 

It has been mentioned that Laser [1933] has recently stated that chick 
embryo tissue can grow equally well under aerobic or anaerobic conditions, but 
only when it has first been allowed to grow under normal conditions for 24 hours. 
Two experiments have been made to test this. The experiments were carried 
out in the same way as those described above, but the vessels with the cultures 
were left in the incubator undisturbed for 1-2 days before the flow of nitrogen 
was commenced. The experimental cultures were then allowed to grow for a 
further similar period of time at 4+50mv. The two experiments produced 
identical results. Fixing and staining of the cultures showed that the growth 
of the experimental cultures had been markedly inhibited, and the cells were 
much more heavily vacuolated than were the controls. There were several 
mitoses, but far fewer than in the controls. In many the mitotic figure was 
distorted in a striking fashion by the large vacuoles (probably fat) in the cyto- 
plasm (Plate VI, fig. 6). In spite of the preliminary growth under aerobic con- 
ditions therefore the effects observed fit very well into the series of experiments 
already described and correspond with what was expected at that level of 
potential. Thus these results do not support Laser’s conclusions. 

Discussion. 

In the experiments described above mitosis was observed when the oxygen 
pressure must have been considerably lower than Wright’s minimum figure for 
the same type of tissue, i.e. 12 mm. Hg. This follows from the fact that the 
oxygen pressure in the unpurified nitrogen was only about 2 mm. Hg, and this 
was diluted by oxygen-free nitrogen before reaching the cultures. Mitosis there- 
fore occurred when the oxygen pressure was much below 2 nun. Hg. 

In considering these experiments, it is important to realise that the oxidation- 
reduction systems which determine the electrode potentials cannot be in re- 
versible equilibrium with the oxygen of the gas phase. The arguments which 
apply to the experiments of Knight and Fildes were supported by our experience. 
An Eh of 4 100 mv. corresponds thermodynamically to an oxygen pressure of 
about 10~ 45 atmospheres. To maintain this E\ t it was necessary to pass in a 
certain proportion of unpurified nitrogen containing about 0-2 vol. % of oxygen. 
Although the final composition of the gas phase was not determined it must, 
of course, have been far in excess of 10 ~ 45 atmospheres. 

These considerations, together with the fact that the electrode potential can 
he raised or lowered by corresponding changes in the oxygen content of the 
solution, suggest that we may be dealing with a complex system somewhat as 
follows. We suggest, firstly, that the medium contains several reversible oxida- 
tion-reduction systems of an unknown nature. Each system is able to poise 
the potential, in the range of Eh about its own E 0 value, to an extent dependent 
upon the amount of the particular system present. The range of Eh covered by 
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all the systems together is such that some degree of poising can be manifested 
at any potential between, at any rate, + 200 mv. and -100 my. Secondly, 
the medium contains a reducing substance, or substances, which in the absence 
of oxygen can reduce the oxidised component of any of the reversible systems 
which determine the electrode potentials. In the absence of oxygen therefore 
this reduction takes place and the potential falls to a very low figure. Thirdly, 
in the experiments described, the medium contains oxygen. This, while not 
itself establishing equilibrium with the electrodes, tends to oxidise those systems 
which are in such equilibrium and therefore to raise the potential. A combina- 
tion of these three factors might be expected to produce the observed results. 
The potential is set up by a reversible oxidation-reduction system effective at 
that point in the Eh scale. The condition of the reversible system is determined 
by the balance between oxidation of the system by oxygen and reduction of the 
system by a more strongly reducing substance in the medium. 

The vigour of the reducing substances appears to vary in different samples 
of serum and embryo extract. In one experiment the Eh fell rapidly in the 
absence of oxygen to below — 400 mv. In another experiment in which the 
same precautions were taken to eliminate traces of oxygen, the Eh did not 
fall below — 20 mv. These results suggest that perhaps other factors besides 
oxygen pressure should be taken into account when considering the growth of 
tissues in low concentrations of oxygen. It is possible that the growth may be 
affected by the Eh more than by the oxygen pressure. The question, which of 
these two is the more important, cannot yet be regarded as settled. The possi- 
bility still remains that, whatever may be the factors governing the Eh, the 
growth of tissue is after all determined directly by the concentration of oxygen. 
More work upon the growth of cells under limiting conditions of oxygen pressure 
and of Eh is needed before this point can be decided. 

It is of interest to consider these results in relation with those obtained by 
Needham and Needham [1925] and by Cohen el al. [1928], who studied the Eh 
of the protoplasm within amoebae by the micro-injection of oxidation-reduction 
dyes. From the results given by Needham and Needham the E h within an 
amoeba appears to be maintained at about + 100 mv. The experiments recorded 
above show that embryonic tissue cells, at any rate, can not only migrate but 
show mitosis when the medium surrounding them has Eh as low as + 20 mv. 
It would be surprising if cells were able to live and multiply in a medium with 
Eh 80 mv. more negative than that within the cell itself. Our results are more 
in accord with those of Cohen et al ., which suggest that the Eh of the interior of 
the cell is below — 130 mv. With Eh — 100 mv. we find that embryonic cells 
of the chick are still able to survive to some extent, though there is no mitosis 
and little or no migration. 


Summary. 


1. On passing pure nitrogen through a culture medium containing serum 
and embryo extract the Eh of the medium fell rapidly. 

2. By adding different small amounts of oxygen the Eh could be maintained 
at any desired level between + 300 mv. and — 100 mv. 

3. The growth and division of cells from embryonic chick heart tissue have 
been studied when the Eh of the medium has been maintained at different levels. 
In general the lower the Eh the poorer has been the growth of the tissue culture. 

4. All mitosis ceased between E u + 20 mv. and —30 mv. Migration of cells 
had almost entirely ceased at an Eh of — 30 mv. 

5. The possible significance of these results is discussed. 

72—2 
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DESCRIPTION OF PLATE ¥!. 

Fig. 1 . Part of culture in medium at E h = 120 mv., showing mitosis, x 400. 

Fig. 2. Part of control to Fig. 1 . x 400. 

Fig. 3. Culture grown with medium at E h - 20 mv., showing mitosis, x 400. 

Fig. 4. Culture grown with medium at E h ~ -30 mv. x 400. 

Fig. 5. Culture grown with medium at E h = - 100 mv. x 400. 

Fig. 6. Culture grown in air for 36 hours, then at E h ~50 mv. for 48 hours, x 400. 

Note distorted mitotic figure in the centre of the field. The equatorial plate of chromo- 
somes is pushed towards one end ol the cell and is no longer lying at right angles to the long 
. axis of the cell, as the result of the presence of large vacuoles, probably representing fat. 




? 4 & 


BIOCH 





CLL THE PRESENCE OF A SAPOTOXIN 
IN XANTHOSOMA ATROVIRENS, 

A TROPICAL FOOD-TUBER. 


By ALFRED CLARK axd ROY BASIL WATERS. 

(. Received March 24th , 1934.) 

It has long been known that certain plants containing glucosides of the saponin 
group cause much' disease and high mortality amongst domestic animals in 
different parts of the world [Ewart, 1931]. It has not however been shown 
previously that this class of poisons is present in harmful quantities in any 
plant used in human consumption, excepting perhaps the glyeo-alkaloid in the 
potato (Solanum tuberosum) and the sapotoxin of Agrostemma githago seeds 
which are sometimes accidentally present in wheat and ground with it in milling. 

The tubers of several plants of the natural order Araceae are largely con- 
sumed in tropical countries, and an account of the extraction from the one most 
extensively eaten in the West Indies of an acid sapotoxin which produces 
nephritis is of interest, especially in view of the heavy incidence of this disease 
amongst the poorest class of the population in Trinidad and other tropical 
countries. 

The tuber selected for special examination is the Tannia (Xanthosoma afro - 
virens) as this is eaten all the year round whilst most of the others have their 
season. The wide adoption of tannia as a food is explained by the fact that it is 
palatable, abundant and cheap. Further, apart from its unfortunate toxicity, 
it has a fairly satisfactory composition as a foodstuff. During an investigation 
of its dietetic value it was found that the addition of cholesterol or of sterol- 
containing foods to a tannia diet materially lessened its toxic effects. This sug- 
gested the presence of a sapotoxin. and attempts were made to isolate such a 
substance. 

The peeled tubers were finely minced and mixed with distilled water. After 
several hours an equal volume of alcohol was added and the precipitated starch 
removed by filtration. The filtrate was freed from most of the alcohol by 
evaporation on the water-bath, and the hot solution was treated with 30 % 
normal lead acetate. A precipitate was formed and collected, but the filtrate 
retained some of its toxicity. Treatment with basic lead acetate yielded a further 
smaller precipitate and the filtrate from this, after removal of lead, was found, to 
be free from toxic substance. 

The normal lead acetate precipitate, after washing with distilled water, was 
suspended in water and treated with hydrogen sulphide. The resulting lead 
sulphide appeared to adsorb much of the toxic material which could, not be 
separated entirely, either by prolonged treatment with hydrogen sulphide or by 
repeated boiling of the precipitate with water. The filtrate was evaporated 
under diminished pressure to a syrup from which an excess of cold alcohol 
precipitated a white hygroscopic solid. This solid had the chemical properties 
of an acid sapotoxin and showed a high toxicity when its solution, in normal. 
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saline was injected intravenously into rats. A large amount of inorganic im- 
purities was present. Dissolution of the solid and repetition of the above pro- 
cesses removed most, but not all, of this impurity. 

The alcoholic filtrate, on evaporation, yielded a dark gum. This was dissolved 
in water and treated with hot baryta solution. The precipitated barium salt was 
collected and well washed with water, and its suspension in water was treated with 
10 % sulphuric acid in slight excess. The excess was neutralised with lead car- 
bonate and the filtered solution evaporated under diminished pressure. The 
yellow residue was dissolved in alcohol and the solution decolorised with char- 
coal, filtered and evaporated. The clear gum thus obtained was dissolved in 
ethyl acetate and the solution filtered from inorganic material and evaporated. 
Repetition of the treatment with ethyl acetate gave a clear gum which crystal- 
lised on standing. Recrystallisation from ethyl acetate gave pure crystals of 
citric acid, m.p. 152°, either alone or when mixed with an authentic specimen. 
A solution of this product in normal saline produced little or no discomfort to 
rats when injected intravenously. 

The basic lead acetate precipitate was similarly decomposed by hydrogen 
sulphide and the filtrate from the lead sulphide evaporated to a syrup. On 
pouring cold alcohol into this a cream-coloured solid was precipitated. This also 
proved to be a sapotoxin with, an acid reaction and in physiological effect was 
indistinguishable from that obtained from the normal lead acetate precipitate. 
It was, however, much smaller in amount than the latter. 

The alcoholic mother -liquors of this sapotoxin were evaporated to a gum, 
which -was shown by its chemical and physiological properties to contain a sapo- 
toxin. Various attempts were made to purify this gum, but without complete 
success. A solution of the material in water was mixed with freshly prepared mag- 
nesium hydroxide and evaporated to dryness at 50°, and the resulting mass was 
powdered and boiled with alcohol to remove any un combined organic material. 
The solid was then suspended in water and a rapid stream of carbon dioxide 
passed through the mixture for several hours. The precipitated magnesium 
carbonate was removed by filtration and the solution evaporated to small bulk 
under diminished pressure and poured into a large excess of alcohol.. The solid 
thus obtained was redissolved in a little water and again precipitated with alcohol. 
This gave a pale brown amorphous powder which still contained magnesium. 
Its solution in water was treated with basic lead acetate solution, the precipitate 
collected and well washed. This was decomposed by hydrogem sulphide and the 
filtrate evaporated to a syrup, which was dissolved in a little alcohol, filtered, and 
diluted with a large volume of ether. This procedure gave a white, amorphous 
solid which still contained a small quantity of inorganic salts. It was extremely 
deliquescent, giving a brown gum on exposure to moist air for a few seconds, and 
possessed the properties of a sapotoxin. 

The acid sapotoxins prepared in the above manner were believed to differ 
only in degree of purity. They were found to contain a little material which 
reduced Fehling’s solution, and this was removed by boiling with alcohol. The 
product then contained 7 % of ash. Its solution was dextrorotatory and after 
hydrolysis with dilute sulphuric acid was less strongly dextrorotatory. The 
hydrolysed solution was neutralised with barium carbonate, evaporated to small 
volume under diminished pressure and poured into alcohol. A solid, presumably 
the sapogenin, separated out and was removed by filtration. The alcoholic 
solution was evaporated to dryness under diminished pressure. The residue 
reduced Fehling’s solution and. when heated with strong hydrochloric acid, gave 
a very weak furfuraldehyde reaction to aniline acetate paper. An osazone was 


THE SAPOTOXIN OF TANNIA TUBERS 


1133 



obtained which, microscopically, resembled glucosazone, m.p. 194-196°. Owing 
to lack of material it was not possible to recrystallise the osazone. When, 
however, it was mixed with an authentic specimen of glucosazone, the m.p. was 
raised to 199-200°. The sapotoxin thus appears to contain a hexose which yields 
glucosazone. 

It would be difficult to make even a rough estimate of the toxin content of 
the tubers owing to the great loss by adsorption during the processes required 
for its isolation and because the content of the tubers, as indicated by monthly 
feeding experiments on rats, showed a great variation in the duration of life of 
animals fed on them. This duration was on an average 4 days in January: 
22 days in March, April, May and June: 7 days in the remaining months. 

The sapotoxins thus extracted from tannia tubers are highly toxic to rats. 
Intravenous injection of 0*1 mg. killed a 60 g. rat instantaneously from cardiac 
and respiratory paralysis: 0*05 mg. killed in 20 minutes. Injection of smaller 
quantities produced in 50 minutes a rise of blood-sugar ranging from 176 to 
415 mg. per 100 ml. At the same time the hepatic glycogen was found to be 
greatly diminished, usually to the merest trace. The urine, when obtainable, was 
albuminous. A solution of 1 part of sapotoxin in 20,000 parts of normal saline 
haemolyses blood in vitro , with reduction of the liberated haemoglobin. Spectro- 
scopic examination shows the presence of the bands characteristic of haemato- 
porphyrin. The cholesterol- saponin compound is neither toxic when injected, 
nor haemolytic. 

The raw tubers have a burning effect upon the tongue which is sometimes 
severe but usually not unpleasant. Rats eat them readily and their average 
daily consumption when given no other food is 0*35 g. per g. rat, which is slightly 
more than the amount consumed of the stock diet. In spite of the adequate 
food consumption the animals lose weight from the commencement of the 
experiment. Within 24 hours the faeces become putty-like and clay- coloured. 
The abdomen becomes greatly distended and the urine albuminous. A gradually 
increasing lethargy follows which becomes profound as death approaches. 
Adrenaline injected intravenously rouses the animal, rather dramatically, but 
the stupor returns in a short time and a further injection has little or no effect. 
The blood-sugar in the terminal phase of the experiment is greatly diminished, 
amounts as low as 45 mg. per 100 ml. being observed, whilst at the same time 
it is found that the hepatic glycogen is almost or quite absent. 

The post mortem signs are remarkably constant. The caecum is enormously 
distended and its walls much thinned. The average weight of this organ in 27 
examinations of rats fed on raw tannia was 14*6 % of body weight (one 20*7 %) 
compared with a weight of 1*47 % in rats fed on normal diet. The stomach and 
intestines contain blood in almost every case. The liver, lungs and kidneys are 
usually very dark, the cortex and medulla in the last-named being hardly dis- 
tinguishable by their colour. Special interest is attached to the condition of the 
adrenal glands in view of the disturbed carbohydrate metabolism in tannia 
poisoning. In the normal rat these are of a pale skin colour and, in the albino 
rat of 60-70 g. body weight, account for about 0*0275 % of body weight, but 
in rats of the same strain and weight which have been poisoned by tannia are 
about 0*0390 % and vary in colour from' a dull pink to a purplish tint similar to 
that of the kidney. Microscopically the kidneys show the appearances charac- 
teristic of an acute toxic nephritis. The glomeruli and secretory tubules are 
much disintegrated and. the picture presented closely resembles that produced 
in poisoning by uranium nitrate. Granules of blood pigment are found abundantly 
scattered in kidneys, suprarenals and spleen and are especially plentiful in the 


1134 


A. CLARK AND R. B. WATERS 

reticuloendothelial cells of the liver. These appearances are found whether the 
tubers have been ingested or the toxin injected, but in the latter ease the effects 
are more marked in the kidneys and less in the other organs than in the former 
Unstained blood films prepared in the ordinary way from rats poisoned bv 
tairnia or injected with its toxin show colourless crystals which are quite new in 
our experience. These are usually regular, stellate structures and many are six- 
pomted. They are about twice as large as a red blood corpuscle. We have not 
been able to find them in the films when freshly spread, but they can be dis- 
covered an hour later. They are not very numerous, but are striking and charac- 
teristic when found. It is not yet known whether they occur in cases of tanixia 
poisoning in human beings in tropical countries. Ordinary haemoglobin crystals 
aie sometimes found in association with the stellate crystals, being produced no 
doubt by the saponin haemolysis. 


Summary. 

A highly poisonous acid sapotoxin, for which the name tanniatoxin is sug- 
gested, has been isolated from the tubers of Xcmthosoma atrovirens, a food com- 
monly eaten in Trinidad under the name of “tannia.” 

When injected in doses of 0-1 mg. it kills a 60 g. rat instantaneously from 
paralysis of heart and respiration. 

In smaller doses or when the raw tubers are eaten, a glomerulo-tubular 
nephritis is produced. 

Ihe sapotoxin liaemolyses blood in vitro and converts the liberated haemo- 
globin into haematoporphyrin. 

Certain stellate crystals which are found in blood films of poisoned rats are 
described. 

It is suggested that certain cases of nephritis occurring in tropical countries 
may be caused by the consumption of tannia and other aroid tubers. 

We desire to thank the London School of Hygiene and Tropical Medicine for 
their generous provision of laboratory facilities. We are also indebted to the 
Medical Research Council for whole time grants which have made the investi- 
gations possible. 
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From the Department of Biochemistry , McGill University , Montreal. 

(. Received April 13th , 1934.) 

Cramer and Krause [1913] observed a creatinuria in both men and dogs as a 
result of feeding thyroid tissue. Gross and Steenbock [1921] found that feeding 
sheep thyroid to a pig on a nitrogen-free diet led to an increase in the creatine 
excretion. Patients with Graves’ disease exerete excessive amounts of creatine 
in the urine. It has been suggested by Shorr el al. [1933] that the thyroid 
hormone is involved in the breakdown and building up of phosphocreatine. 
Eimer [1931] reported a significant increase in the total creatinine excretion of 
healthy subjects when fed desiccated thyroid. Recently, Shrire and Zwarenstein 
[1933] have shown that the administration of anterior pituitary extracts causes 
an increased excretion of creatinine in normal rabbits but not in castrated 
animals. 

Methods. 

Adult rats were placed on the following diet 3 weeks before the metabolism 
studies were started: wheat flour 1000 g., com meal 1000 g., oatmeal 1000 g., 
linseed meal 300 g., wheat germ 82 g. ? brewer’s yeast 182 g., cod-liver oil 180 ml. 
We have found the diet to be an important factor in studying creatine meta- 
bolism. The addition of meat or fish meal to the diet gives relatively high and 
irregular values for the creatine excretion. The rats were kept in Hopkins’s 
metabolism cages and the urine and faeces collected separately. The urine was 
collected over a period of 48 hours, and the samples were made up to a volume 
of 20 ml. ; the creatinine was estimated on a convenient aliquot by the method 
of Folin [1914]. 

The creatine was calculated by difference after autoclaving the urine in the 
presence of picric acid, and it is expressed here in terms of creatinine. The oxygen 
consumption was measured in a multiple chamber respiration apparatus, similar 
to that described by Benedict [1930-31]. The metabolic rate is expressed as the 
percentage increase in oxygen consumption over that determined in the pre- 
experimental period. Since fasting alone has an effect upon the creatine and 
creatinine excretion, the metabolic rates could not be taken under fasting 
conditions ; however, on a series of several hundred rats we have found that the 
oxygen consumption, measured under feeding conditions at approximately the 
same hour each day, tends to be remarkably constant (unpublished data). 
Hypophysectoniy was performed on the rats by the parapharyngeal approach, 
of" Selye [Collip et al., 1933]. Two weeks were allowed after the operation before 
the creatinine studies were started. 
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The thyreotropic extract which was used showed on assay 100 units per ml. 
[Anderson and Collip, 1933], One unit represents the smallest amount of the. 
hormone which, when given twice daily to an hypophysectomised rat, will 
produce a 20 % increase in oxygen consumption within 96 hours. 

Results. 

Fig. 1 shows the effect of feeding desiccated thyroid upon the metabolic rate 
and the creatine and creatinine excretion of normal rats. The values in this 
chart represent the average of 6 rats. After a control period of 6 days, the rats 
were each given 2 grains of desiccated thyroid daily in their food, A very 
striking increase in creatine output occurred, winch readied a peak on the 
twelfth day of thyroid feeding. It then commenced to drop off gradually, in 



spite of a rising metabolic rate. The creatinine excretion was increased slightly 
during the first 2 weeks of thyroid administration. After 24 days of thyroid 
feeding the animals were in a poor condition due to the extreme hyperthyroidism, 
and 3 rats of the series died before the experiment was finished. The drop in the 
metabolic rate which occurred in the sick rats lowered the average rate for the 
group. 

In another series of experiments, a group of 4 rats was given thyreotropic 
hormone. The effect upon the metabolic rate and the creatine and creatinine 
excretion is shown in Fig. 2. Fifty units of thyreotropic hormone were injected 
int raperiton eally twice daily for a period of 32 days. A rise in the creatine 
excretion occurred immediately after beginning the injections, and the excretion 
then gradually fell to the normal level. The metabolic rate rose to a level of 
+ 3o/o, and then gradually fell, finally below’- the pre-experimenta! level. 

I ig. 3 shows the effect of the thyreotropic hormone upon the metabolic rate 
ana the creatine and creatinine excretion of hypophysectomised rats. A group 
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2. The effect of 50 units of thyreotropic hormone upon the metabolic rate and the creatine 
and creatinine excretion of adult male rats. 

3. The effect of 50 units of thyreotropic hormone upon the metabolic rate and the creatine 
and creatinine excretion of hypophyseetomised rats. 


excreted remained unchanged throughout the experiment and was essentially 
the same as that of normal rats. This differs from the findings of Braier [1931], 
who reported a 35-40 % decrease in the creatinine excretion of hypophyseeto- 
mised dogs. 

The thyreotropic hormone produced a ri.se in the creatine output of the dog. 
This is shown in Table I. It will be noted that a diuresis occurred simultaneously 
with the creatinuria. 


Table I. Creatine and creatinine excretion of a dog treated- with 
thyreotropic hormone. Wt. 26' 6 kg. 


Creatine as 
creatinine 
g. per day 

0-357 

0-195 


Urine volume Creatinine 
ml. per day g. per day 

867 1*103 

725 0-668 

1135 1-003 


Control period 


0-817 

0-861 

0-885 

0-718 

0-891 

0*789 

0-790 

0-715 


Experimental period. Injections 
started' on 6th day; 500 units 
thyreotropic hormone twice 
daily,, intravenously 


0-968 

0-663 

0-479 

0-603 

0-524 


0*262 

0*088 

0*055 

0*110 


Recovery period. Injections 
stopped on 22nd day 
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The effect of small doses of thyreotropic hormone on creatine excretion has 
been studied. In Table II it is seen that 6 units of thyreotropic hormone are 

Table II. The effect of graded doses of thyreotropic hormone upon the 
creatine and creatinine excretion of normal rats. 


Control period 


Injections started 
on 6th. day 

Experimental 

period 


Bay 

2 

4 

6 


8 

10 

12 

14 

16 

18 


Group I 

(average of 4 rats) 

. ■ A 

Group II 

(average of 4 rats) 

Group III 
(average of 4 rats) 

Crea- 

Crea- 

Meta- 

Crea- 

Crea- Meta- 

Crea- Crea- Meta- 

tinine 

tine 

bolic 

tinine 

tine bolic 

tinine tine bolic 

mg. 

mg. 

rate 

mg. 

mg. rate 

mg. mg. rate 

3*65 

1*16 

— 

2*80 

0*58 — ' 

3*08 0*69 

3*33 

1*09 

— 

3*22 

0*64 — 

2*96 0*36 — 

3*28 

1*04 

Normal 

2*84 

0*79 Normal 

2*74 0*56 Normal 

Bose : 

50 units b.i.d. 

Bose : 

12 units b.i.d. 

Bose: 6 units b.i.d. 


3-03 

3-31 

3*24 

3-44 

3*32 

3-40 


2*17 

3-71 

2*78 

2*30 

2*41 

2*06 


+ 34*8% 


/o 


2*94 

2*81 

2*82 

3*08 

3*03 

3*09 


0*62 

0*74 

1*20 

1*20 

0*53 

0*44 


+ 17*3% 
+ 16*7% 


2*64 
2*64 
. 2-73 
2*93 
3*15 
3*17 


0*50 

0*57 

1*06 

1*27 

0*28 

0*34 


+ 28*7 
+ 19*1 ‘ 


evoSw doSeS ? s lo ' v 6 units . twiee a day causes an increase in creatine 
excretion in the normal rat. The creatine and creatinine are expressed in 111 %. per 100 s. body 
weight per day. The creatine is expressed in terms of creatinine. The “metabolic rate” is the 
percentage increase m oxygen consumption over that determined in the control period. 

sufficient to cause a significant rise in the creatine excretion and metabolic rate 
of normal rats. In the hypophysectomised rat, 1 unit causes a more striking 
mcrease-in the creatine output than is produced after 6 units in the normal rat 
(Table III), 

Table III. The effect of thyreotropic hormone upon creatine and 
creatinine excretion of hypophysectomised rats . 


Control period 


Injections started 
on 6th day 

Experimental 

period. 


Bay 


8 

10 

12 

14 

16 

18 


Group I 

(average of 4 rats) 

Crea- Crea- Meta- 
tinine tine bolic 

mg. mg. rate 

3*34 0*77 — 

3*02 0*90 — 

2*90 0*83 Normal* 

Bose: 50 units b.i.d. 


Group II 

(average of 2 rats) 

A 

Crea- Crea- Meta-’ 
tinine tine bolic 

mg. mg. rate 

2*85 0*77 

2*79 0*17 — 

2*81 0*15 Normal* 

Bose: 2 units b.i.d. 


Group III 
(average of 2 rats) 


Crea- Crea- 
tinine tine 
nig. mg. 

2*65 0*95 

3*14 0*28 

2*77 0*18 


Meta- 

bolic 

rate 


Normal* 


Bose: 1 unit b.i.d. 


3*10 

3*28 

3*24 

3*18 

3*14 

2*90 


2*12 

3*38 

3*08 

2*62 

2*30 

2*09 


4-31*5% 
+ 37*8 % 
+ 26*3% 


2*95 

2*94 

2*56 

2*95 

2-82 

2*78 


0*14 
2*42 
2*24 
1*26 
0*80 
0*10 4 - 21 * 0 % 


4-26*4% 
.4-11*1% 


3*00 

2*74 

3*08 

2*90 

2*83 

2*74 


0*12 
2*52 
2* 92 
2*62 
1*07 
0*26 


4-20*9 % 
+ *0 % 
4-10*9% 


herJthat J ™«. P unft e fr°Sli S t d mt iS e 4 °. eedin S 1 y sensitive to the thyreotropic hormone. It is seen 
here that one unit of the hormone.twice a day causes a significant rise in the creatine excretion. 

* Normal for hypophysectomised rats, 

- %. Ce , fairly smail amounts of the thyreotropic hormone will produce a 
aJlicf 7 1 mor ®asein creatine excretion in the normal rat, this may give us a 
satisfactory method of assaying the hormone. The simplicity of the test would 
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be a distinct advantage over our present method of measuring the increase in 
metabolic rate in the hy pophy se etomised rat. 

Purified extracts of the growth hormone and of the adrenotropic hormone 
have been injected into normal rats and the creatine and creatinine excretion 
followed over a period of 18 days. The effect of thyreotropic extract which had 
been inactivated by boiling for 2 hours at p H 5 was also studied. The average 
daily output of creatine on the eighth day of the growth extract was 0*71 mg. 
per 100 g., of the adrenotropic 0*55 mg., and of the boiled thyreotropic 0*38 mg,, 
while the controls receiving active thyreotropic hormone excreted 2*88 mg. of 
creatine on the eighth day of injection. 

A substance which inhibits the action of thyreotropic hormone in raising the 
metabolic rate has been reported by Collip and Anderson [1934; Anderson and 
Collip, 1934]. Creatine and creatinine excretion has been studied on a group 
of normal rats receiving the antithyreotropic extract, together with the thyreo- 
tropic hormone. The results are given in Table IV. A fall in metabolic rate 

Table IV. The effect of antithyreotropic and thyreotropic hormones upon the 
creatinine and creatine excretion of normal rats. 


Group I 

(average of 4 rats) 


Group II 

(average of 4 rats) 



Day 

Creatinine 

mg. 

Creatine 

mg. 

Metabolic 

rate 

Creatinine Creatine Metabolic 
mg. mg. rate 

Control period 

2 

2-81 

0*72 

— 

2*92 

0*60 Normal 

4 

2*94 

0*51 

— 

2*88 

0*57 — 


6 

3-00 

0*82 

. — 

2*86 

0*50 — 


8 

2*74 

0*59 

— 

3*02 

0*48 — 


10 

2*86 

0*68 

Normal 

2*90 

0*60 Normal 

Injections started 


Dose : thyreotropic 25 

> units b.i.d. 

Dose : thyreotropic 25 units b.i.d. 

on 10th day 

Experimental 

12 

2*50 

0*82 


antithyreotropic extract 1 m 
b.i.d. * 

2*98 0*81 — 

period 

14 

2*95 

1*05 

1*22 

+ 16*7 % 

I 

1*04 

1*21 “H*6 % 

16 

2*90 

— 

•3*12 


IS 

3*10 

1*74 

— 

3*14 

115 — 


20 

2*74 

1*05 

+ 37*4 % 

2*58 

1*07 - 6*0 % 


22 

2*67 

1*06 

— 

3-10 

M2 


24 

2*70 

0*82 

— 

3*00 

0-89 


26 

2*88 

0*42 

4-20*1 % 

3*18 

0*66 - 12*9 % 


28 

2*66 

0*76 


2*88 

0*51 


30 

2*64 

0*40 

— 

3*24 

0*51 “20*1 % 


32 

3*10 

0*30 

— 

3*18 

0*o7 


34 

2*80 

0*20 

+ 2*0 % 

3*12 

0*53 — 


occurred in the group of animals receiving the antithyreotropic substance together 
with the thyreotropic hormone (Group II); however, the creatine excretion in 
this group was practically the same as in the group receiving thyreotropic hor- 
mone only (Group I). 

Summary. 

1. The feeding of desiccated thyroid to normal rats caused a rise in the 
creatine excretion, which reached its peak on the tenth day and then gradually 
decreased while the metabolic rate was still rising.., 

2. The thyreotropic hormone caused a temporary increase in creatine excre- 
tion both in the normal and the hypophyseetomised rat. 

3. A sign.ifi.cant increase in creatine excretion was produced with 6 units of 
thyreotropic hormone in the normal rat and with one unit in the hypophys- 
ectomised rat. 
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oft t Jog" thyre0tr ° PiC hOrm0ne caused an increase in the creatine excretion 

ha /; m Pa ff® d extracts of * he growth hormone and of the adrenotropic hormone 
had no effect on the creatine excretion of normal rats. Thyreotropic extract 
inactivated by boiling also gave negative results. 1 

^^6. Antithyreotropicsubstance, which inhibited the rise in metabolic rate bv 
th} reotropic hormone, did not prevent an increase in creatine excretion. ' 
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CLIII. THE INFLUENCE OF VITAMIN C (ASCORBIC 
ACID) ON PLANT AND ANIMAL AMYLASES. 


By ARNULF PURR, 


From the Cancer Research Laboratories , Graduate School of Medicine, 
University of Pennsylvania, Philadelphia, Pa. 


(Received April 4th , 1934.) 


In a recent publication from this laboratory Purr [1933] reported on the effect 
of ascorbic acid on the action of the proteolytic enzymes. The present paper 
deals with, the influence of ascorbic acid on plant and animal amylases which 
are important in cancer research, on account of them relation to carbohydrate 
metabolism. 

Kuhn [1925], in a fundamental work, studied the mutarotation of the pro- 
ducts formed in the first stages of starch hydrolysis by amylases. He found that 
one group of amylases yields primarily a- maltose, which mutarotates downward 
(a-amylase), while another group yields /3-maltose, which mutarotates upward 
(/3-amylase). The amylases in pancreas and saliva belong to the a- type, while 
those of sprouted and unsprouted grains are of the /3- type. These findings were 
later confirmed by Reich el [1932]. By studying the relation between the iodine 
reaction and the mutarotation of the starch decomposition products, it was 
found that the two types of amylase differ in their mode of action on the starch 
complex from the first point of contact. Thus, a-amylases arc believed to break 
down first those groups in the starch complex which are responsible for the blue 
colour with iodine. Characteristically, the blue colour disappears with very low 
sacchari.fi cation . On the other band, /3-amylases break down the starch, in such 
a -way that saccharification is almost complete while the blue colour remains 
unaltered. Through the discovery of this relation between, saccharification and 
coloration with iodine, a simple method became available for distinguishing the 
amylases found in nature. It is merely necessary to allow the hydrolysis to 
proceed until a very definite colour tone, preferably the change from ultramarine 
blue to blue-violet, is reached and to determine the saccharification at that 
point. This is known as the transition point, and it expresses the amount of 
saccharification (in percentage maltose formed) at the point of colour change. 

The transition points for several different types of amylase are as follows : 


Transition point ( percentage maltose formed). 


Plant amylases 


Animal amylases 


Bariev 
102 % 

O A TO ttJ •' 


Green malt 
84 % 


Pancreas 
20 % 




ntarc 


JiJgii Si 

Iodine 


vara 

tion 

le- violet 


Liver 
1 ", o/ 

f Q 

a-Amylase 

Mutarotation downward 
Low saccharification 
Iodine colour, blue-violet 


Saliva 

H °n 
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I 
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r,„S means of adsorption methods, Waldschmidt-Lcitz, Reichel and Purr 

m 3 r wf able i t0 180 tW0 1 am y lases - « and jg, from barley and green malt 
While both amylases extracted from green malt were fully active, in barley the 
oc-form was totally inactive and the /3-form partially active. The difference be 
tween the barley enzyme system and the malt system lies in the formation of 

of sproutiiig. ° f ° rgamC natUre ’ “ amyl0kinaSe ’” whieh during the process 

green^malt^ 0W ^ ng sclleme represents the process of separating the amylases of 


Green malt extract. 


a-Amylase Amylokinase 

1 1 

/3-Amylase 

1 

Alumina C y at p H 3*8 
1 

Supernatant fluid 

Amylokinase + a- amylase 

Alumina Cy 

Pn 5 

~ 1 . 

Elution 

Amylokinase + /1-amylase 
Kaolin 

Pu 5 

S upernatant fluid Million 

Amylokinase a-Amylase 

Amylokinase 

j 

Supernatant fluid 
ft- Amylase 
Amylokinase 


not^S succeS w PPh !n 1° am “ a amylase sterns, was unfortunately 
?he nresenrenf + the transition point of pancreas amylase indicates 

the presence of an animal /3-type. As a result of the discovery, reported in this 
paper, of the specific activating effect of vitamin C on animal ^-amylase, it has 
become possible to demonstrate the existence in pancreas of a /type of amylase. 


Vitamin 0 and animal amylases. 

The effect of vitamin C on the activity of various animal amylases was 

rE d ’ U 7 g as ff ce of enz y me the following: human saliva (0-2 nil', 
with 0 Ol.j amylase units), acetone-ether-dried pig pancreas (0-1 ml of a 1 • 10 
aqueous extract with 0-035 amylase units), and rat-liver 1-5 ml. of a 1 5 
aqueous extract with 0-0014 amylase units). To separate portions of the desk 
nated quantities of each of these were added (a) Smg. of ascorbic acid in lnfl. 
ol H 2 0, (b) 8 mg. oxidised ascorbic acid in 1 ml. of HA), or (c) 1 ml of H 0 

S’™? 7o V T re , al i° Wed t0 Stand at °° and Ph 7 for 5 minutes, after which 

SiTtn^ 10 ml of V l r ere added ' ? is stained 250 mg. of soluble starch 
(Kmtner), 10 mi. of M/15 phosphate buffer of p B 6*8 (or 10 ml of M/10 citrate 

buffer of j, H 5-1), „„d 2-0 ml of Jf/5 NaCl solSn, it! . total vlmo of » ml 

Str +1 Were ; nculjated at 37 ° for the indicated periods of time, after 
which the enzyme action was stopped by addition of 2 ml. of A 7 HC1. The amount 

n qitT r tf , WaS determined b - y the method of Willstatter and Rchudel 
[1918], the results being expressed in percentage maltose formed. The oxidised 
ascorbic acid was prepared by bubbling oxygen for 4 hours through a solution 
of 8 mg of ascorbic acid in 1 ml. of H a O at | H 7. A trace of FeSO? ?hS was 

Mte “ id “ i0 ”' « **“ W “ -l-Amliod by 
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Table I. Ascorbic acid ami animal amylases. Effect of . 


Saliva Pancreas Liver 

t'~~' " " A ! \ 

Time Maltose Time Maltose Time Maltose 
Additions p n mins. % mins. % mins. % 

Water 6-8 10 22*6 8 37*04 60 13*72 

Ascorbic acid 6*8 10 21*95 8 48*00 60 24*00 

Oxidised ascorbic acid 6*8 10 22*00 8 46*64 

Water 5*1 20 15*5 25 20*58 — — 

Ascorbic acid 5*1 20 15*9 25 19*20 

From the figures obtained it can be seen that of the animal amylases tested, 
only the salivary amylase remained inactivated at both p n 6*8 and 5*1. Pancreas 
and liver amylases, on the other hand, undergo considerable activation, but 
only at the optimum p H for the enzyme reaction (6*8). In this respect the 
activation differs from that obtained with calcium salts, which occurs only at 
p H 5*1, but not at 6*8. 

The salivary amylase, as has been mentioned, has the lowest transition point 
found as yet, and therefore represents the purest oc-type. The higher transition 
points of pancreas and liver amylases indicate the presence of mixtures of both 
a- and /3-types. It was of interest to determine, therefore, whether these facts 
could be correlated with the non-activation of salivary amylase and the activa- 
tion of pancreas and liver amylases by ascorbic acid. The investigations carried 
out in this direction, as' shown in Table II, indicate that the activations obtained 
with ascorbic acid are related to a specific activation of the animal /5-amylase. 

Table II. The effect of ascorbic acid on the transition point of 
pancreatic amylase. 


Without ascorbic acid 

t 1 1 1 

Saccharification. 


With ascorbic acid 


Saccharification 


Time 

mins. 

0 

4 

Maltose 

mg. 

0*0 

20*0 

Maltose 

0/ 

/o 

0*0 

8*0 

Iodine colour 

Ultramarine- 

blue 

99 

Iodine colour 

Ultramarine- 

blue 

99 

Maltose 

mg. 

0*0 

37*5 

Maltose 

Of 

/o 

0*0 

15*0 

Transition 10 

45*0 

18*0 

Blue-violet 

Blue-violet 

70*0 

28*0 Transition 

point 






point 

15 

63*8 

25*5 

Violet 

Violet 

86*3 

34*5 

20 

80*0 

32*0 

Violet-red 

Violet-red 

202*5 

41*0 

25 

95*0 

38*0 

Red-violet 

Red-violet 

120*0 

48*0 

30 

112*5 

45*0 

Red-brown 

Red-brown 

136*3 

54*5 


A large volume of a reaction mixture was prepared, containing 250 mg. of 
soluble starch, 10 ml. of Mj 15 phosphate buffer of p H 6*8, 2 ml. of M/5 NaCi 
solution, and 1 ml. of a 1 : 10 aqueous extract of pancreas containing 0*015 amylase 
units (or the same amount of enzyme previously activated by 8 mg. of ascorbic 
acid), in a total volume of 50 ml. The mixture was incubated at 37°. The course 
of the reaction towards the transition point was followed by the method to be 
described later. At definite intervals, 50 ml. portions of the reaction mixture 
were removed and treated with 2 ml. of N HC1, and the amount of maltose 
formed was determined. 

As shown, in Table II, the activating effect of ascorbic acid is linked with an 
increase in the transition point. This indicates that ascorbic acid has a specific 
Biochem. 1934 xxvrn 73 
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activating effect on the /J-amylase, and that the latter is present in pancreas 
and liver in an almost inactive state naturally. 

Waldschmidt-Leitz and Purr [1932] were able to report an activating effect 
on animal amylase by calcium salts. As previously mentioned, this form of 
activation is sharply differentiated from that obtained with ascorbic acid in 
the conditions of p B _ necessary. The same conclusion is reached by a study of 
the transition point, as shown in Table III. 

Table III. Activation of pancreatic amylase by CaCk at p H <5*1. 

Transition point. 

With CaCl a 

( ^ 

Saccharification 

f * ^ "h 

Maltose Maltose 
Iodine colour mg. % 

Ultramarine- 0*0 0*0 

blue 

„ 30*00 12*00 

Blue- violet 47*00 18*80 Transition 

point 

Vidht 62*50 25*00 

Violet-red 82*5 33*00 


Red-violet 100*0 40*0 

Additions and procedure were the same as those for Table II, except that 
10 ml. of Mj 10 citrate buffer of #> H 5*1 were used instead of the phosphate and 
12 mg. of CaCL> instead of the ascorbic acid. 

Calcium salts do not change the transition point, but only hasten its ap- 
pearance, while ascorbic acid increases it. It is evident from these results that 
the effect of calcium salts is fundamentally different from that of ascorbic acid. 

Procedure for the determination of the transition ■point . 

Each of a series of test-tubes contained 2 ml. of distilled water and 3 drops 
of N 1 100 iodine solution. At definite time intervals, 1 ml. of the enzyme reaction 
mixture was added, until the first definite blue- violet colour could be recognised. 
Immediately, 50 ml of the hydrolysing mixture were removed, 2 ml. of A T HC1 
were added to stop the enzyme reaction, and the sugar formed was estimated 
by the Willstatter-Schudel method. 

It should be mentioned that the method can he used for quantitative com- 
parisons only when no substances are present which take up iodine in neutral or 
acid solution. When these conditions exist, the method is in all cases inappli- 
cable; for the presence of large quantities of such reducing substances (cell 
residue, tissue suspensions, thiosulphate, etc.), leads to the formation of hydrogen 
iodide or its salts. The latter compounds, as is known, weaken the colour of 
the starch-iodine complex, and therefore interfere with the colour comparison. 
These substances affect the starch-iodine colour in a manner similar to that of 
amylase itself and may easily lead to erroneous conclusions. 

In order to eliminate this source of error when using ascorbic acid, which 
takes up iodine very readily, it is necessary, in the determination of the tran- 
sition point, to compensate for its presence. The method of procedure -was the 
same as previously described, except that to those test-tubes in which the 


Without CaCL 



Saccharification 

vV _ 

\ 

Time 

r 

Maltose 

> 

Maltose 


mins. 

mg* 

o/ 

/o 

Iodine colour 

0 

0*0 

0*0 

Ultramarine- 




blue 

10 

6*3 

2*50 


15 

18*75 

7*50 


20 

30*0 

12*0 


Transition 25 

47-5 

19*0 

Blue- violet 

point 




35 

65*0 

26*0 

Violet 
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transition point of pancreatic amylase alone was to be determined, 0*16 mg. of 
ascorbic acid was previously added. This amount corresponds to that present 
in 1 ml. of the enzyme mixture which is being activated by ascorbic acid. In 
each case, then, equivalent amounts of ascorbic acid were present, so that the 
error due to formation of hydrogen iodide was eliminated. Because of the con- 
sumption of iodine which occurs in the presence of ascorbic acid, it was necessary 
to add 10 instead of 3 drops of 2V7100 iodine to each test-tube, in order to have 
the necessary excess for the determination and for stopping the enzyme reaction. 

The next series of experiments (Table IV) shows the effect of several amino- 
acids and of insulin on the activity of pancreatic amylase at p B 6*8 and 5*1. 
The procedure was exactly the same as that described in Table I, except for 
the substitution of the indicated, amounts of amino- acids and insulin for the 
ascorbic acid. 


Table IV. The effect of amino-acids on the activity of pancreatic amylase. 




?h 6-8 



Pn 5*1 



f 

Saccharifi- 

Activa- 

r 

Saccharifi- 

\ 

Activa- 



cation 

tion 


cation 

tion 


Time 

Maltose 

Maltose 

Time 

Maltose 

Maltose 

Additions 

mins. 

o / 

0 

0/ 

/O 

mins. 

0/ 

/ o 

O' 

/<> 

None 

7 

14*7 

0 

20 

12*00 

0 

Cysteine (20 mg.) 

7 

14*9 

0 

20 

18*00 

6*0 

Cystine (20 mg.) 

7 

14*7 

0 

20 

21*50 

9*50 

Alanine (20 mg.) 

7 

14*7 

0 

20 

12*00 

0 

Histidine monoliydrochlorkie 

7 

14*8 

0 

20 

23*00 

11*0 

(20 mg.) 

Proline (20 mg.) 

7 

14*5 

0 

20 

12*00 

0 

Insulin — 132 units (9*5 mg.) 

7 

14*8 

0 

20 

22*00 

10*00 


It is clear from this table that the p H of the amino-acid activation agrees 
with that observed in the case of calcium activation. The agreement also can 
be seen in a study of the transition points (these figures are not presented in this 
paper). This activation therefore also differs sharply from that obtained with 
ascorbic acid. 

The extent to which the activating influence of ascorbic acid is exerted on the 
complicated mechanism of glycolysis will be reported in a later communication . 

Vitamin 0 and plant amylases. 

The significance of ascorbic acid as an enzyme regulator is not limited to 
the amylases of animal origin, but as the following experiments show, it must 
also be credited with a similar function with regard to plant amylolytic pro- 
cesses. 

The plant amylases investigated were the following: barley (0*5 ml. of a 
I : 5 aqueous extract, with 0*030 amylase unit), green malt (0*25 ml. of a 1 : 5 
aqueous extract with 0*030 amylase unit), barley amylase purified by alumina Cy , 
jS-form (1*0 ml. with 0*015 amylase unit), and the green malt amylase purified 
by alumina Gy, a-forrn (3*0 ml. with 0*015 amylase unit). To the designated 
amounts of each of these were added (a) S mg. of ascorbic acid in 1 ml. of H 2 O f 
(h) 8 mg. of oxidised ascorbic acid in 1 ml. of H 2 G or (c) I ml. of H 2 0. The 
mixtures were allowed to stand 10 minutes at 37°, after which 50 ml. of the 
stock solution of p B 5*1 previously described were added. The incubation and 
sugar determinations were carried out exactly as previously described. The 
purified j8-amylase from barley was prepared by treating 10 ml. of 1 : 5 barley 
extract containing 1*5 amylase units with alumina Cy (8 ml. = 60 mg. AJ 2 0 3 ) at 
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P_n 3 ' 8 ( I 2 “1- of M acetate buffer). The adsorbate was eluted with 10 ml. of 
1//15 secondary phosphate and brought to 7 by the addition of A T /10 HC1. 
The purified a-amylase was prepared by adsorbing 10 ml. of 1 : 5 green malt 
extract eight times with alumina Gy (145 mg. x 8 of A1„0 3 ) at p B 3-8 (2 ml. of 
M acetate buffer). Compare the schema, p. 1142. 


Table V. Effect of ascorbic acid on plant amylases. 


No 

additions 


Ascorbic 

acid 


Oxidised ascorbic 
acid 


Enzyme 
Barley (unpurified) 

Malt (un purified) 

0-Amylase (purified from barley) 
a-Amylase (purified from malt) 


Time 

mins. 

9 

10 

20 

9 


Maltose 

Time 

Maltose 

Time 

1 ' y . 

Maltose 

0/ 

/o 

mins. 

0/ 

/O 

mins. 

% 

35-68 

7 

12*34 

7 

36-36 

37-04 

10 

19-90 

10 

28-81 

37-70 

20 

10*37 

10 

36*36 

19-90 

10 

16*46 

10 

11-90 

either 

activated 

or else not 

affected at all 


• i .7 . . ; 5 amyictiscs ujLiuK i<m' m vesugaieci are inniDitea. Tins 

inhibition is dependent not only on whether reduced or oxidised ascorbic acid 
is used, but also on the type of amylase, a or /3. As shown in Table V, the 
p-type of plant amylase is very strongly inhibited by reduced ascorbic acid, 
but is unaffected by the oxidised form. This behaviour is shown both by the 
purified enzyme, and by the crude green malt extract which contains amylo- 
kinase. The opposite picture appears in the case of plant oc-amylase, whose 
activity, as has been previously mentioned, is dependent on the presence of 
amylokinase. The activity of this form is inhibited only by the oxidised form 
of ascorbic acid, while it is scarcely affected by the reduced form. The slight 
inhibition which may be observed can be explained by the presence of a small 
amount of /3-amylase which remains after the purification. 

These findings extend the knowledge of the essential differences between the 
plant and animal amylases which are summarised in Table VI. 


Table VI. Comparative behaviour of plant and animal amylases 
toward various reagents , 

+ = Activation; - = Inhibition ; 0= Indifferent. 


Reagent 

Ph 

Amylokinase 

5-1 


6-8 

Vitamin C 

5-1 


6*8 

Oxidised vitamin C 

5-1 


6-8 

NaOl 

5-1 


6-8 

CaCL 2 

5-1 

»» 

6*8 

Ph optimum 

Table VII shows the 

effect 


Plant amylases 

f K ^ 

P 

+ + 

+ + 

0 

0 

0 

0 

0 0 

0 0 

0 0 

0 0 

5-1 5-1 


Animal amylases 
tx 

0 0 

0 0 

0 0 

+ 0 

0 0 

-f 0 

0 4 * 

0 + 

o + 

0 0 

6*8 6-8 


I i emu absence oi aseoroie acid. Uxygen was bubbled, through 

a . ar ey amylase extract for 4 hours in the presence and absence of ascorbic 
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acid. A trace of FeS0 4 was added as an oxidation catalyst. The determinations 
of amylase activity after the oxygenation were carried out exactly as previously 
described. The results obtained indicate that ascorbic acid may also exert an 
effect in protecting the amylase from oxidation. 


Table VII. Effect of oxygen on barley amylase in the presence 
and absence of ascorbic add. 


4 hour treatment with oxygen 


Barley amylase 
without vitamin 
Maltose (%) 

12-3 


Barley amylase 
with 8 mg, vitamin 
Maltose {%) 

20-6 


Recently Virtanen et al. [1933] found a relation between growth, of plants 
and vitamin C content. In view of the connection between vitamin C and the 
amylases reported in the present paper, it is of interest to present the results 
of an investigation 1 of the changes occurring in the activities of the several kinds 
of amylases during the ripening of various grains. 

The crushed grains at different stages of ripening were extracted for 24 hours 
with 5 parts of water, toluene being added as antiseptic, and then filtered by 
suction. The reaction mixtures consisted of 140 mg. of amylo-amylase (prepared 
according to Samec), 10 ml. of citrate buffer of p u 5-1, and aliquot parts of the 
grain extracts containing 0*01 amylase unit, in a total volume of 50 ml. The 
mixtures were incubated at 37°, and the course of the reaction towards the 
transition point was followed as previously described. The mutarotation was 
determined by the method of Kuhn [1925]. A 2 dm. polarimeter-tube was filled 
with the reaction mixture, and. the rotatory power of the solution was deter- 
mined at intervals, first without carbonate, and again after | hour standing 
with 0*5 g. of anhydrous sodium carbonate. The difference between the two 
determinations expresses the mutarotation, the magnitude of which is dependent 
on the experimental procedure. The decisive point is the direction of the muta- 
rotation (— for a-; + for /8-amylase). 


Table VIII, Relation between amylase activity and the ripening process 

of various grains . 




Transition 

Mutarotation at 



State of grain 

point 

transition 


Grain 

content 

Maltose % 

point 

Remarks 

Barley 

Milky fluid 

77*5 

+ 0*07° 

For comparison, green 

Soft, mass 

67*3 

+ 0*06 

malt has a mutarota- 


Mealy mass 

82*1 

4-0*08 

tion of +0*15 at the 


Ripe grain 

96*1 

4-0*10 

transition point (84 % 

Rye 

Milky fluid 

88*2 

40*13 

maltose) 

Soft mass 

68*0 

4" 0*08 



Mealy mass 

76*0 

+0*09 



Ripe grain 

83-3 

4-0*05 


Oats 

Milky fluid 

80*85 

40*15 



Soft mass 

60*7 

+ 0*08 



Mealy mass 

75*0 

+0*06 



Ripe grain 

90*0 

+ 0*10 



On the basis of these results, it can be seen that in the first stages of the 
development of grains, the relationships between the different amylase types 

1 This investigation was carried out at the Biochemical Institute of the Deutsche Technisehe 
Hoehsehule, Prague. The various kinds of grains used in each stage of the ripening process were 
obtained from J. Purr, Grabschuetz, Czechoslovakia. 
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(a or j8) are similar to those existing in sprouting grains such as green malt* 
The nearer the grain approaches to ripening, the higher is the transition point, 
until it finally reaches the value for fully ripened, dormant grain. The increase 
in the transition point indicates that the a-amylase is gradually becoming 
inactive, and from this it may be concluded that the oc-enzyme in growing 
(including sprouting) plant cells is involved as an energy - supplying factor in 
the enzymic intermediate processes. It is probable that the decrease in vitamin 0 
during the ripening of grains, as found by Virtanen et al. [1933], is related to 
the inactivation of the a-amylase. This working hypothesis is supported by the 
finding that oxidised vitamin C inhibits plant a-amylase. Whether amylokinase 
arises during the ripening process, and its relation to vitamin C, must be deter- 
mined by further experiment. 

SUMMARY. 

1. It has been shown that vitamin C (ascorbic acid) is a specific activator 
for the /3-type of animal amylase. j3- Amylase occurs in animal organs in a 
practically inactive state. 

2. Vitamin 0 exerts an inhibiting effect on the jS-type of plant amylase but 
has no effect on the a- type. The oxidised form of ascorbic acid has no effect 
on the /3-form but inhibits a-amylase of plants. 

3/ A study of the relation between amylase activity and the growth of grains 
leads to the conclusion that in the first stages of growth the same amylase 
relationships exist as in the sprouting grain. The fact that the a- components 
become inactive at the end of the growth period is in agreement with the findings 
of Virtanen on the vitamin C changes which occur, and with the fact that the 
oxidised form of the latter inhibits a-plant amylase. 

The author wishes to acknowledge the encouragement and support received 
from Dr Ellice McDonald, Director, during the course of this work* 
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